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UNI TED STATES PATENT AND TRADEMARK OFFI CE
BEFORE THE PATENT TRI AL AND APPEAL BOARD

QNEPLLS TEGHNOLOGY (SHENZHEN) GO, LTD.,
Petitioner,
- agai nst - Case No.:
| PR2025- 00762
PANTECH CORPORATI ON,
Pat ent Owner.
U S. Patent No. 10,863,573 «

DATE: Decenber 18, 2025
TIME: 12:00 p. m

DEPCSI TI ON of TITUS LO, Ph.D.,
taken by the Patent Omers, pursuant to a
notice and to the Federal Rules of Civil
Procedure, held renotely via Zoom
Vi deoconf erence, before Suzanne Pastor, a

Notary Public of the State of New YorKk.
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PERKI NS CO E
Attorneys for the Petitioner and Wtness

BY:

700 13th Street, N.W, Suite 800
Washi ngton, D.C. 20005-3960
CHRI S MOULDER, Ph.D., ESQ

202. 654. 6200

chri snoul der @er ki nscoi e. com

MAYER BROWN, LLP
Attorneys for the Patent Omners

BY:

1999 K Street, N W

Washi ngton, D.C. 20006-1101
MATTHEW A. STANFORD, ESQ
202. 263. 3124

nst anf or d@mayer br own. com
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THE REPORTER:  Good nor ni ng.
The attorneys participating in this
deposition acknow edge that | am not
physically present in the deposition
roomand that | will be reporting
this deposition renotely.

They further acknow edge that
inlieu of an oath adm nistered in
person, | wll place the w tness
under penalty of perjury.

The parties and their counsel
consent to this arrangenent and wai ve
any objections to this nmanner of
reporting. Please indicate your
agreenent by stating your nanme and
your agreenent on the record.

MR STANFORD: My nane is
Matt hew Stanford from Mayer Brown on
behal f of the patent owner Pantech
Corporation, and | have no
obj ecti ons.

DR. MOULDER  Chris Moul der,
Per ki ns Coi e on behal f of petitioner,
and | have no objections.

THE REPORTER: Dr. Lo, please
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rai se your right hand.

Do you swear or affirmthat the
testinony you are about to give wll
be the truth, the whole truth, and
not hi ng but the truth?

THE WTNESS: Yes, | do.

THE REPORTER  Thank you.

You're all set, counsel.

MR. STANFORD: Thank you.

EXAM NATI ON
BY MR STANFORD:

Q Wel|l, good norning or good
af t ernoon, dependi ng on where you are. |
believe you' re on the Wst Coast, Dr. Lo?

A Yes, in Seattle. Good norning.

Q Coul d you pl ease state and
spell your nane for the record.

A My name is Titus Lo, T-1-T-US,
and |l ast name is L-O

Q Thank you. 1Is anyone else in
the roomw th you right now?

A No. It's only ne.

Q And do you have any physi cal
docunents in front of you or on the desk

around you?
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A Yes, | have the whole pile of
exhi bition papers. Yes.

Q And this will be just the
docunents that have been filed in this IPR
proceedi ng, correct?

A Correct. Yes. Al the
exhi bition, clean.

Q Clean. That was going to be
t he next question, so thank you.

Do you have any el ectronic
devi ces around you, a cell phone, anything
besi des your conputer?

A Yes. | have a cell phone, it's
turned off. And | have a | andline phone,
and that's it. O course the conputer.

Q Yes. And any ot her
appl i cations open on the conputer besides
this Zoomchat? O the Zoom neeting?

A Yes. It's the PDF that is
opened up for the file.

Q Ckay, so if you have any open
applications, please close them As we go
t hrough this, any docunents | want you to
take a look at, 1'll add theminto the chat

functi on.
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Have you done a deposition that
way before?
A No, for renote, this is the
first tine.
Q It's pretty straightforward.
Like I said, I'll just add these docunents
into the chat function and you can open
themin native PDF. You said you have the

paper copies of many of these docunents as

well in front of you, so you can | ook at
either one. They should be all identical,
but just for the record, we'll be using the

el ectronic versions for all citations.

A Ckay.

Q So it sounds like you' ve been
deposed before. About how nmany tines have

you been deposed?

A Afewtines. | don't renenber
exactly.
Q Can you give ne just a

bal | park? More than ten?

A No, no, it's long tine ago. So
probably -- | could not renenber how many
times. Maybe two tines, three tines,

sonet hi ng.
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Q But you said it's been a while?
A Yes. It's been a while, yes.
Q And if you recall, do you know

what ki nd of cases those were? Wre they
patent infringenent cases or sonething
different?

A It's not about |PR

Q So since it's been a while, |I'm
just going to go briefly through sone of
the guidelines for the deposition today.

As you know, we have a court

reporter here so we want to make sure we
speak slowy and clearly so that she can
keep a clean record of everything that we

say today. Do you understand?

A Yes.
Q And because of that, let's also
try and keep all of our answers verbal. So

avoi d shaki ng your head or noddi ng or any
ot her sort of hand gestures that won't show

up in a witten transcript. GCkay?

A Yes.

Q So the format today wll be
fairly straightforward. | wll ask you
questions and you'll provide an answer. |If
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a question that |I ask is confusing or,
because we're doing this renotely, if you
just don't hear it because of a connection

I ssue, please ask ne to say it again or to

rephrase it and I'll be happy to do so,
okay?

A Ckay.

Q But if | ask you a question and
you do answer, |'mgoing to assune that you

understood it and you fully heard it, okay?
A Al right.
Q After | ask a question your
attorney nmay object fromtine to tine.
Unl ess your attorney objects for privilege,
you will still need to answer the question

despite the objection, okay?

A Ri ght.
Q And we'll try and take a break
about every hour or so. 1'Il try and keep

an eye on the clock, but if you need to
take a break at any tinme, just let ne know,
be happy to stop for ten mnutes or so for
a break.

And |"'mgoing to try not to

keep you here all day, like | said before
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we junped on the record. So |'m happy to
take a break at any tinme, okay?

A Ckay.

Q | s there any reason that you
can't testify truthfully and accurately
t oday?

A No.

Q What did you do to prepare for
t oday' s deposition?

A What do | do?

DR. MOULDER: I'IlIl just caution
you not to reveal any attorney-client
communi cati ons.

A | reviewed all the exhibition,
review all the docunents available to ne
relevant to this deposition.

Q And about how | ong did you
spend preparing for this? In hours.

A | did not -- actually, probably
ten hours, sonething nore than that, maybe
| ess than that.

Q And besi des counsel, did you
neet with anyone else in preparing for the
deposition today?

A No.
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Q Anyone fromthe petitioner
OnePl us?
A No.
Q When were you first retained to

work on this | PR proceedi ng?
A | don't renenber the exact

date. Probably the begi nning of the year

or maybe -- sonetinme in the first half of
t he year.
Q Have you done any work for

OnePl us before working on this IPR
proceedi ng?
A No.
Q Before this had you heard of
OnePl us? Before this proceeding.
A. Yes, | heard of them They are
one of the cell phone manufacturers.
Q Had you heard of the Pantech
Cor por ati on?
A No. Not before this one.
(Whereupon, CV of Dr. Lo was
mar ked as Lo [Exhibit 1 for
identification as of this date by the
Reporter.)

Q | just dropped a docunent into
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the chat. Do you see it?
A Yes.
Q Go ahead and open that and | et

me know once you've got it open on your

conput er .
A Al'l right, okay, | see it.
Q "1l represent to you this is a

copy of your CV that you submtted al ong
W th your declaration, which has been
previously marked in this case as Exhibit
1004.

Does this, to the best of your
recol |l ection, look Iike a true and accurate
copy of your CV?

A Yes.

Q Let's take a | ook at the second
page which starts with the header
"Enpl oynent history.” Do you see that?

A Yes.

Q So the first entry of
enpl oyment history appears to be the

current one, it states "free-|lance wrel ess

technol ogy consultant.” Do you see that?
A Yes.
Q So is that your current
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position?
A Yes.
Q And is the free-lance wirel ess

technol ogy consultant, is that part of a
conpany that you forned?

A No. It's just a very generic
title. It neans | work for -- if I -- for
clients on ny own.

Q | s there a conpany associ at ed
or a corporation that you fornmed as part of
your work as a consultant?

A | have an LLC as a busi ness.

What's the nane of that LLC?

A It's SO L-UT-T-1, LLC

Q Sol utti?

A Yes.

Q And you've had this LLC since

January of 2014, is that right?

A | don't renenber the exact
year. Maybe earlier or nmaybe later, | have
to check. | don't have that on top of ny
head.

Q Ckay, |'musing the date on

your CV as a basis for the January 2014

date, but is it fair to say that you've
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been acting as a free-|lance consul t ant
since January of 2014? |Is that correct?

A Yes.

Q What' s been the nature of your
consul ti ng?

A Basically provide ny clients
with wirel ess technol ogy background,
provi de the ecosystem background, provide
t echnol ogy devel opnent, provide
technology -- the state of the technol ogy.
So it depends on the clients' needs. So
sonetines they need to understand the
t echnol ogy background, sonetines they need
to understand the ecosystem sonetines they
need to understand the technol ogy
devel opnent and sonetines regardi ng sone
t echnol ogy gui dance, and soneti nes
understand the market itself, the
technol ogy market itself.

So it depends on their need.
So basically around w rel ess technol ogy.

Q Wt hout giving ne any specific
names, in general, who are your clients?
Are they corporations needi ng assi stance

W th industry?
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A Yes, some -- okay, some are
t echnol ogy conpany, sone are law firns
dealing with patents, sonetinmes investnent
entity for buying IPs or selling IPs. And
sone are startup conpani es | ooking at the
technol ogy itself and see what type of --
what are on the market and what are the
di rections.

Q Has your consulting focused on
the | P aspects of w reless technol ogy?

A Depends on what you nean by
"focus." So yes, a large portionis on |P.
But also a | arge portion on technol ogy
Itsel f.

Q So have you served as an expert
W tness as part of your consulting?

A Yes.

Q |s that frequently part of your

consulting duties?

A. Well, as you heard, | talk
about -- you asked about a deposition.
This is one | didn't -- | haven't been

doing it for a long tine, so it's not often
as a wtness.

Q You nentioned that sone of your
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clients are law firns where you're doing
work related to patents.

When you' re not serving as an
expert w tness, what kind of services are
you performng for those clients?

A The | ast corporation, they hold
a huge portfolio and they would hire a | aw
firmto use inventory and show what are
useful, what are not. So when they hire
law firm a law firmmy consult with ne
how to provi de sonme background in terns of
the market, provide what technol ogies
are -- in terns of the portfolio, which
part are nore avail able, which part are not
based on the -- where the technol ogy used,
in which sector, which area.

Q Ckay, thank you

Now, you mentioned wrel ess
t echnol ogy several tinmes speaki ng about
your consulting experience. Wre you often
I nvol ved in 3GPP specifications as part of
your consul ting?

A Yes.
Q Just generally, what areas of

3GPP do you have experience in?
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A When you say "area," can you be
nore specific? Like in terns of
technol ogy, using in application? O are
you tal ki ng about the technol ogy itself,
are you tal ki ng about sonething el se?

Q Well, really | guess both, so
let me ask it a different way.

So in 3GPP, oftenti nes
specifications are based on different
| ayers, right?

A Ckay, nm hmm

Q So general ly, do you have
experience -- which layers of 3GPP do you
have experience in?

A | have been study -- or work
with 3GPP LTE for long time. So | have
been deal with the physical |ayer, the MAC
| ayer, the RLC | ayer, the PDCP | ayer, the
RRC | ayer, application layer. So that is
pretty much of the LTE of 4G 5G
speci fications.

Q Have you ever participated in
any of the 3GPP neetings?

A No, | have not participated in

any 3GPP neetings or any standard-setting

U S. Legal Support | www. usl egal support.com Pantech Caporation

Ex. 2013
Page 16 of 138


http://www.uslegalsupport.com 

© 00 N o o A w N PP

N N NN NN P PR PR R R R PRk
o A W N P O © © N O O M W N P O

Titus Lo, Ph.D.
Decenber 18, 2025

bodi es’ neetings regardi ng 3GPP technol ogy.
Q Have you ever consulted with a
conpany for the purpose of contributing to
these 3GPP neetings or standard-setting
functions?
A No, | don't think so.
Q So have you ever worked in the
I ndustry where you were actually the one

hands-on i npl enmenti ng w rel ess technol ogy?

A Yes.

Q And was that LTE-based or
3G 5G?

A It's 4G technol ogy.

Q And | ooki ng at your CV here,

what conpany were you working for at that
time?

A Ckay, if | look at ny CV, the
first one is the Waltical Solutions.
That's from 2003 to 2005. And the second
one is Neocific Corporation from 2005 to
2013. Actually, | think the early on, AT&T
Wreless, we -- okay, so we have inpl enment
sonme technology related to 4G

Q Let's just briefly go through

each of those then, so starting | guess
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ol dest to nost recent. For AT&T Wreless,
what was the nature of your experience
there inplenmenting | believe you said 4G?

A Yes, | was system engi neer at
the tinme. W devel oped the first
commerci al OFDM system That was depl oyed
in -- comercially deployed in couple
cities by AT&T Wreless. Actually, you may
know OFDM i s the core technol ogy of 4G and
5G

Q Just for the record, will you
say what OFDM stands for?

A OFDMVA is orthogonal frequency
division nultiple access.

Q Thank you. | was not trying to
put you on the spot with a test.

A Luckily | remenber this, but |
don't remenber all the acronyns.

Q That's okay, there's a | ot of
t hem

So nmoving on to your next job

after that was Next Comm correct?

A Yes.

Q What kind of wireless

t echnol ogy were you inplenenting at that
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time?

A At the time it is the early
stage of WFi devel opnent. And so that was
the beginning of WFi, and at the tine it's
called wireless local area, LAN -- area
networ ks. And we desi gned and devel oped a
WFi chip set, so the silicon chips that
performtransm ssion/receiving WFi
signals, the I EEE A02.11 A and C standards
or specifications by the chip set.

Q Did you do any work with LTE or
any 3GPP rel ated technol ogi es while you
were at Next Cormf

A No. The conpany focused on
WFi or wireless LAN technology. And at
the time there's no LTE, there's no 4G So
probably at the begi nning of WCVA,

sonet hing like that.

Q Ckay, then noving on to
Waltical, is that how you say it?

A Yes, Waltical.

Q Wil e you were at Waltical,

what were your responsibilities there?
A | was in charge of systens

engi neering, the entire engineering team

U S. Legal Support | www. usl egal support.com Pantech Carporation

Ex. 2013
Page 19 of 138


http://www.uslegalsupport.com 

© 00 N o o A w N PP

N N NN NN P PR PR R R R PRk
o A W N P O © © N O O M W N P O

Titus Lo, Ph.D.
Decenber 18, 2025

We devel oped 4G technol ogy. That's very
early on. There's no LTE at the tine. But
we -- at the time we saw 3G WCMA -- or the
CDVA 1 made by Qual comm or WCMA by the
Eur opean standard, they did not neet --
t hey would not neet the future need of the
market. So we were thinking at the tine we
shoul d have new technol ogy to neet the need
of the market, so we designed and actually
have built prototype to denonstrate 4G
t echnol ogy.

Q What were you trying to
denonstrate with 4G?

A Well, it denonstrate the speed.
In terns of data rate, it denonstrate the
mul ti pl e access technology itself based on
packet data, and it denonstrate the
capacity. It denonstrate the coverage. So
this new systemthat will provide the need
of the market in the future.

Q Now, | ooking at your -- the
next job after that was Neocific, correct?

A Yes.

Q So what were your

responsibilities at Neocific?
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A Neocific is -- was focused on
t he devel opnent of silicon chip. And at
the time the conpany was | ooking to devel op
the chip set to inplenent 4G technol ogy.

So | was |eading the engineering teamto --
for this effort.

Q Your CV nentions that you are
al so managi ng the devel opnent and
mai nt enance of intellectual property
portfolio. Can you tell nme alittle bit
about that?

A Yes. Wen you devel op 4G
technol ogy, we -- as a startup it's very
common to devel op patents or file patents
to protect the technology. So we filed
quite a few nunber of patents regarding the
technol ogy itself.

So | have to manage that
because you have to deal with the | aw
firms; we filed patents and hired the | aw
firmto manage that and witing the patents
and wite the clains. And also we have to
pay -- maintain the patents and you pay
fees and that kind of thing. So we have

to -- so that's what | neant by
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"managenent . "
Q Your CV al so nentions that you
provi ded consulting -- or that as part of

Neoci fic, you provided consulting services
to clients with anal ysis and eval uati on of
wi rel ess technology, IP portfolios. Can
you tell nme alittle bit about that as
wel | ?

If it helps, I'mIlooking on
page 2 of your CV.

A | don't renenber what did we do
at the tine. At the tine this big
corporation cane to us if the wreless
technol ogy portfolio is useful or not. So
that is one of the consulting activity we
have.

Q So at Neocific, other conpanies
woul d conme to you, to Neocific, and ask you
to evaluate their patent portfolios. Aml
under st andi ng you correctly?

A Yes, okay, let nme provide a
little bit background.

Now, the startup is from 2005.
So we worked and then we find fundings --

we tried to find funding and then we
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actually talked to VC at the tine and

al nost get the noney at the tinme. But then
2008, the financial crisis, everything fel
out .

And so basically the conpany
fall back to a survival nobde, so we
actually laid off substantial nunber of
enpl oyees. So we just retained the core
enpl oyees and then we switched to a
consulting node. And that's how we -- why
we doing consulting |ater on, after the --
sonetinme in 2009/ 2010.

Q Ckay. So is it fair to say
t hat around 2008, that was the last tine
you were doi ng sort of hands-on
engi neering, and then you switched to
consulting as part of Neocific and then
part of your own freelancing after that,
fromthat point going forward, from around
the 2008 point going forward? |Is that fair
to say?

A Yes, you can -- okay, if you --
it depends on what you nean by "hands on."
If you say hands on by -- by "hands on" you

mean codi ng, you nean sol dering or you nean
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that kind of things, or if you -- I'm
doing -- ny background is systens

engi neering. Systens engineering is

t hi nki ng about whole system By hands on,
If that's what you nean -- that's what |
mean. By hands on, you're |ooking at the
system you think about the system you

t hi nk about the prograns and what kind of
solutions it should be. So you don't stop
at the level of soldering or coding.

So even when you' re doing
consulting, you're still thinking about the
systemin terns of system engi neering. The
client cone to you and say okay, we have
this problem then you think the whole
thing, right? So | think about whol e thing
and say what was the problem what should
be the solution. So that is hands on to
me.

So it's not |ike just start at
the tinme. Any consulting activity, that
requi res ny hands-on activity.

Q Ckay, fair enough
When was the first tine you

began working with 3GPP specifically as
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opposed to prior to the standards being
est abl i shed?
A Let me clarify this. So in

terns of standard, you neant 3CGPP standard?

Q Yes.
A kay, the 3GPP standard
actually -- it goes back to the 2G system

so CSM So and then you have the 3G
system that's CDVA, and so we did not
actually directly deal with CSM or WCVA
because | don't -- at the tine we are not
wor ki ng on those things.

So in the declaration | state
that | started work on 4G in 2003. And at
the time the LTE standard, okay, the 4G
standard was not actually existing yet. So
| was aware the LTE activity begi nni ng 2005
or 2006, in that tine frane. So as a
practitioner you re aware of this kind of
thing, and so when there's new activities,
new standard activity started, we try to
nonitor it.

So if by "nmonitor," | would say
that is sonething we started to deal with

LTE at the tine.

U S. Legal Support | www. usl egal support.com Pantech C@poration

Ex. 2013
Page 25 of 138


http://www.uslegalsupport.com 

© 00 N o o A w N PP

N N NN NN P PR PR R R R PRk
o A W N P O © © N O O M W N P O

Titus Lo, Ph.D.
Decenber 18, 2025

Q So around 2005.

A Yes, 2005 or 2006. It depends
on when the activity started. So that's
why | renmenber that tinme frane.

Q Ckay, thank you.

| just added to the chat
anot her docunent that we'll mark as |[Exhibit
2.

(Wher eupon, Decl aration of Dr.

Lo was marked as Lo Exhibit 2| for

identification as of this date by the

Reporter.)

Q Let ne know once you have it
open.

A This is Exhibition 1003?

Q 1003, yes, that's right.

A Ckay.

Q Do you recogni ze this docunent?

A Yes.

Q VWhat is it?

A My decl arati on.

Q And if you junp to the | ast

page of the PDF you should see a signature
there. Does that appear to be your

si gnat ure?
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A Yes, it is.

Q So to the best of your
understanding, this is a true and accurate
copy of the declaration you submtted as
part of this |IPR proceeding, correct?

A Correct.

Q And does this declaration
contain all of the opinions that you have
prepared regarding the validity of U S.
Pat ent No. 10, 863, 5737

A Yes.

Q And if | just call this the

'573 patent, will you know what |'mtalking

about ?

A Yes.

Q Did you wite this declaration
yoursel f?

A You nean all by nysel f?

Q Yes. Didyou wite it all by

yourself or did you wite it with the
assi stance of either soneone else or with
counsel for OnePl us?

A Yes, it was a teameffort.
Wth ny counsels.

Q Can you on a high Ievel
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descri be the drafting process for the
decl arati on?
DR. MOULDER I'Ill caution you

just not to reveal attorney-client

privil ege.
A W -- this is sone tinme ago.
W worked together. | don't actually

remenber how or which is which. So we all
have contribute to this. But the inportant
thing is | agree all the statenents here
and this is nmy opinion.

Q So it was a coll aborative
process, but ultimately you stand by all of
the statenents and opinions made in this
decl aration, correct?

A Correct.

Q About how many hours did you
spend preparing the declaration? To the
best of your nenory. | know it's been a
little while.

A | really can't renenber how
many hours. | wll guess sonething in the
bal | park of 100 hours, plus/mnus 50 hours.
Sonething like those. | cannot give you an

exact nunber.
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Q So sonewhere between 50 and 150
hour s?

A Yes, sonething, yes.

Q So let's talk a little bit

about sone of the opinions you have in
here. To start just on a high |evel,
you're a very well-credential ed person.
You' ve had quite a bit of experience.
About what | evel education and experience
do you think one would need to understand

this technology that's in the '573 patent?

A Are you tal ki ng about educati on
| evel ?

Q Yes, education or education and
experience. Wat level of skill would

soneone need to have?

A For this, in terns of articles,
basically it's logic so it can -- so
bachel or degree in ternms of electrica
engi neeri ng or conputer engineering or
conput er science should be sufficient to
under stand t he technol ogy.

And if somebody have two years
or nore experience, that is very good --

t he person should have a very good
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under st andi ng of the technol ogy.

Q And have you worked with people
who have about this level of skill with a
bachelor's in conputer science or conputer
engi neering and have a couple -- or at
| east call it two years or so of

experience?

A. Yes. | have worked with those
peopl e.
Q And you woul d say that those

peopl e that you've worked with have the
requisite skill level to be able to fully
understand the technology that's at issue

in the '573 patent?

A Yes. | would say that.
Q And | realize | should have
pointed this to you first, | wasn't trying

to make you go off the top of your head.
The paragraph we're tal king about in your
report, if you don't have it already in
front of you, is the section that starts in
par agr aph 19, which has the heading "Level
of ordinary skill in the art."

One thing | wanted to ask you

about, in paragraph 21 where you describe
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basically exactly what you just talked to
me about, you nmention in the third to | ast
line or so, second to | ast sentence where
you say that, after giving the bachelor's
degree, you say "and at |east two years of
practical experience working in the field,"
you say that the field is video processing
systens. Do you see that?

A Yes. | don't know how the word
"video processing” is there. So it should
not be there. | think it's -- it is a
t ypo.

Q Ah, okay. So just to be clear
sonmeone does not need to have experience in
vi deo processing systens to neet the
requisite level of skill in the art for the
'573 patent in your opinion, correct?

A No, no, it's not video
processing. | think the correct word woul d
be "w rel ess conmuni cati on systent or
"t el ecomuni cati on system"

Q Thank you. Thank you for
clarifying that.

So |''m addi ng anot her docunent

that -- keep your decl arati on open but you
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can also pull up what | just added, which
we'll mark as Exhibit 3l
(Wher eupon, '573 Patent was
mar ked as Lo Exhibit 3| for
identification as of this date by the
Reporter.)

Q This is a copy of the '573
patent, which was designated as Exhibit
1001 in the IPR

Let ne know once you have it
open.

A Ckay, all right.

Q Cenerally, what is your
under st andi ng of what the '573 patent is
descri bi ng?

A Basically this patent states
the problemof -- a conmmon probl em
encountered in nulti-flow operation in LTE.
And when you have dual connectivity, you're
trying to do nmulti-flow (inaudible) and
when you receive the data unit, often it
coul d be out of order because there is a
difference in terns of propagation or
processing timng.

So when you encounter the
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out-of -order data unit, you need to reorder
them But often when you don't receive the
data unit that is mssing, so that wll
bl ock the whol e receiving processing.

In order to resolve that, this
pat ent proposes using a tiner to -- as a
solution to the problem That is the
pur pose of this patent.

Q In a nmulti-flow systemlike
this, why do you receive packets -- or why
woul d an entity such as the UE receive
packets out of order?

A Ckay, actually, | talk about
this in the declaration. So | believe |
sumrari ze the problemin the section of
“techni cal background.™

Basically you have -- in the
mul ti-flow application there's a naster
base station and there's a secondary base
station. And so the nobile device or the
user equi pnmrent will connect with the two
base stations to receive data. But since
the distance fromthe -- between the naster
and the secondary are different, so either

you will -- there's no guarantee you
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receive the units, the data units in order.
And so that is how this phenonmenon often
occur.

And then al so you have the
processing tine. The master unit -- master
base station wll connect to the network,
okay, and the data is fromthe network
itself. And then the nmaster base station
will distribute sone of the data unit to
the secondary base station to transmt. So
often you don't -- in that process al so
create sone -- it's the cause of
out - of -order reception.

So that is the -- as | said,
there's two problenms: Propagation tine
difference and al so processing tine
difference. So that's how you encounter
the out-of-order data unit reception.

Q It's been about an hour. Maybe
nowis a good tine to take maybe a
ten-mnute break if that's all right with
the two of you.

DR MOULDER:  Yup.

A. Ckay, fine.

Q Want to cone back, | guess ny
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time it's 1:10, so | guess it would be
10: 10 a. m
(Wher eupon, a short recess was

t aken.)
BY MR STANFORD:

Q Bef ore we took our break we
wer e tal ki ng about generally what the '573
patent is tal king about for the problem and
sol uti on.

|'"d now like to junp to the

clainms. And let's start with claim 1 which
starts on colum 18. | guess it starts at
the very bottomof colum 17, but let's
| ook at the first limtation after the
preanbl e, which is starting on |ine 4 of
colum 18. Do you see that?

A Yes.

Q So this is the claimel enent,
it says, "Receiving packet data convergence
prot ocol, PDCP, packet data units, PDUs,

t hrough the nmacro base station and the

smal | base station.”™ Do you see that?
A Yes.
Q What is your understandi ng of

this claimelenent?
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DR. MOULDER  (bjection; form

A To me it's very generic
statenment of the reception fromtwo base
stations. Because the PDCP packet data is
the data you receive.

Q What is your understandi ng of
the PDCP, the packet data convergence
pr ot ocol ?

A The PDCP data is the data
handl ed at the PDCP | ayer. So that handl es
encrypti on.

So if you go to ny declaration,
paragraph 71, paragraph 71, "The user plane
IS responsible for transmtting user data,
such as voice, video and internet traffic
between the UE and the RAN," that's the
radi o access network. "Its protocol stack
includes multiple |ayers: The PDCP, data
packet convergence protocol, ensures
I n-sequence delivery of upper |ayer
protocol of data units, handles
encryption/ decryption, or
ci pheri ng/ deci pheri ng, header
conpr essi on/ deconpr essi on, and robust

header conpression, and duplicate detection
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of lower |ayer service data and
transm ssions of PDCP SDUs at hand-over,
and reordering. It acts as an interface
between the | P | ayer and | ower | ayers,
facilitating convergence of data from
di fferent sources.”

So basically, that |ayer, these
this type of things are handl ed at that
| ayer. Now, when the receiver -- logically
the transmtter transmts the PDCP data and
at the receiver, you receive this at the
receiver unit.

So basically, that limtation
IS very generic to nme. Basically what it
says is the receiver receives the data
units fromthe macro and the small base
stations.

Q What's the difference between a

PDU and SDU?

DR. MOULDER: (njection to

form
A Okay, | think I tal k about that

in ny declaration in the background. So if
you go to paragraph 74, "In transm ssion

fromthe eNB, data flows fromthe PDCP
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| ayer down t hrough each protocol | ayers,

wi th each |l ayer adding its own headers and
control information. This process
continues until the data reaches the

physi cal |layer where it is transmtted over
the medium In reception by the UE, data
flows in reverse, starting at the physica
| ayer and novi ng up through each | ayer,

Wi th each |ayer renoving its correspondi ng
headers and control information until the
data reaches PDCP | ayer, depending on if
the data is being received or sent,
respectively."”

So "each layer interacts with
its adjacent |ayers using service data
units and protocol data units. Wen data
I s passing through -- between | ayers, the
sending layer refers to it as SDU, while
the receiving layer treats it as PDU.  So
each | ayer processes the PDU according to
Its specific functionality and then sends
the processed data unit as SDU to the next
adj acent |ayer. The process continues
until the data reaches either uppernost or

| ower nost | ayer."
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So that's how the SDU and PDU
defined in this convention.
Q Yes, | did see those paragraphs
I n your declaration. Just to confirmthen,
in your mind a PDU and SDU are different
units, correct?
DR. MOULDER  (bjection to
form
A | don't interpret it that way.
Basically, the difference is the contro
i nformati on and the header between the two.
Q And what is the difference in
the control information?
A Control information depends on
| ayer. So say, for exanple, the PDCP data
unit, there's control information regarding
the PDCP added to the actual data itself.
And al so the header also added to the data
unit itself.
So the data are the sane. The
difference is just the control information.
Q And you said the other
di fference was the header, correct?
A. Yes, the header. Well, | guess

depends how you -- okay, sonetines the
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header woul d be the -- you can al so say
that's the control information

Q So are you saying in your
opi nion, the header is the sane as the
control information?

A Well, okay, | would say it's a
different thing. But the header al so can
be control. So basically it doesn't matter
I f you distinguish the header and contr ol
information. The difference of the two is
just the additional information for the
control functionality purposes. How you
di sti ngui sh what ever the control
I nformation, that's not inportant in this
cont ext .

Q Sorry, | just want to nmake sure
' m under st andi ng what you just said. Are
you saying that the difference between the
header information and the control
I nformati on doesn't matter?

A No, | did not say that.

Q Can you pl ease re-expl ain what
you were testifying about the differences
bet ween the header information and the

control information? | may have
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m sunder st ood you.

A What |'m saying is between the
SDU and the PDU, it's just additional
control information. Right? So it's not
inportant in this context to say whether
you cl assify header as the control
i nformation or the whole thing is just
control information, that's not inportant
here. The inportant thing is the data, SDU
and PDU essentially, those data are the
sanme. The difference between PDU and SDU
I's just additional control information.

Q When you say "in this context,"”
what do you nean?

A You asking ne whether -- the
di fference between PDU and SDU in this
cont ext .

Q Yes, what do you nean when you
say "in this context"? Are you referring
to the '573 patent?

A Ckay, let's back up.

You asking the question the
di fference between SDU and PDU. | assune
you refer to this patent, the '573 patent.

s that correct?
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Q | was initially asking
generally, not specifically to this patent.
If I clarify and say -- let ne ask the
question a different way.

In general, what is the
di fference between a PDU and a SDU?

A In general, the difference just
addi tional information between -- control
I nformati on between PDU and SDU. And so
when you | ook -- it depends on which
direction you're looking at. So if you
tal k about receiving, then the PDU at the
| ayer, at the receiving layer will have the
control information. And the SDU does not
have the control information

Q Ckay, and in what circunstance
does the SDU have control information?

A In the reverse direction. So
when | transmt, when the |ayer receives
PDU and then the header -- or control
information to the SDU -- PDU, sorry. That
woul d becone SDU and send it to the | ower
| ayer.

| knowit's alittle bit

confusing. So it depends on the direction
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of the receiving and transm ssi on.

Q | understand. |Is there a
di fference between control information and
header information when we were referring
to PDUs and SDUs?

A Vell, if youreally want to
delve into it, yes, there's a header and
there's control information. So the
header, for exanple, you wll attach the
sequential nunber regarding to the | ayer
itself. And then the control information
w || have sonme decryption or encryption
information with it. So that's for
exanple, right?

But the header and the control
i nformation here is for the control. It's
nothing to do with the data. So if --
depends how you want to work with. So if
you are concerned about control
I nformati on, yes, you separate the header
and the control information. Wth the
control information you have different
field and put in different control
I nformation then.

But if I only look at the data
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unit itself, | have control information, |
have the data itself. Right? So | just --
so in that sense it doesn't matter whether
you -- | care about the header is a
different field in the control information
because | don't deal wth it because |
treat it as control information and | just
care about the data unit. So it depends in
general, in a sense.

Q So in your opinion, each of
t hese pieces of information is an
I nformati on el enent or nmay conprise
multiple information el ements. And -- |
want to make sure |'m understandi ng.

DR. MOULDER  (bjection to

form
A Hol d on.
Q | didn't ask the question. So

| et nme start over because | haven't asked
t he question yet.

A ay - -

Q For the control information and
t he header information, does the control
I nformati on and the header information

i nclude informati on el enent s?
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DR. MOULDER  (bjection; form
A You are confused with the RRC
control information. So that's different
thing. So the PDU control information is
different thing. It's nothing to do with
the RRC control information. So control
i nformati on regarding that -- okay, the
PDU -- the control information is actually

only to do with that PDU unit, okay? 1It's

nothing to do with the layer configuration.

It's nothing to do with the RRC control
nessage.
Q So what I'mtrying to

understand i s your opinion on the
di fference between the control information
and the header information. So you have
stated that there aren't technically
differences but that the -- again, this is
what I'mtrying to clarify, that the
differences don't seemto matter in the
context that we're discussing here today.
So that's what |'mjust trying to drill
down on here. So let me ask this.

Wien |'mviewing the data, is

there a way to tell whether or not
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information is control information or
whet her or not data is header information?
DR. MOULDER  (bjection; form

A Ckay, woul d you provide a
context here so that | can answer your
guestion better?

Q Yes. You testified that header
Information is different than control
information, is that correct?

DR. MOULDER  (bjection; form

A Ckay, | want you to clarify.
When you say "control information," what
are you referring to?

Q This is your termfrom your
expl anation of the difference between a PDU
and an SDU. And I'mtrying to understand
your explanation of the distinction between
t he two.

So et me ask you, when you say
“control information" what do you nean?

A In that sense the control
i nformation regarding to that particul ar
data unit. So it's nothing to do with RRC
control information. It's nothing to do

Wi th any other information, but it's only
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regarding to that unit, data unit. That's
the control information.

So for exanple, how many bits
Is that unit, howlong it takes. Those are
the control information, only related to
that data unit.

And the header is the sane
thing. The header will or may contain
sequence nunber. That sequence nunbers
only relate to that data unit.

So it depends how you | ook at
It, okay? So you can say this is the
header plus the other control information,
it is control information regarding to that
data unit. O you can separate, okay, is
t he header related to the data unit, and
all the control information is also rel ated
to this data unit but it's very

exclusively. The data plus the control

i nformation are the overall information is
related to this data unit. It's nothing
else. It's nothing to do with RRC control

information, it's nothing to do with any
ot her information.

Q Ckay, thank you
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Let's nove back to claim1 of
the '573 patent. So we're |ooking at
colum 18. Let's look at the claimelenent
that starts on line 9 of colum 18, which I
believe we've referred to, elenent 1-C that
begins with "receiving fromthe macro base
station information related to an
I n-sequence tiner for the PDCP SDUs t hrough
a radi o resource control (RRC) nessage."

Do you see that?

A Yes.

Q And if | refer to this as
element 1-C, wll you know what |'mtal king
about ?

A Yes. kay, | don't want to
confuse nyself. Elenent 1-C is consistent
wWith ny declaration? O are they
different?

Q | believe that should be
consistent, but we can -- let ne point you
to the paragraph.

So if you'll look just before
par agr aph 139 on page 78 of your
decl aration, so 1-Cis the claimelenent I

just read to you that starts with
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"receiving froma nmacro base station.
A Ckay.
Q What is your understandi ng of
element 1-Cin claim1?
DR. MOULDER  (bjection; form
A Can we break it down into
different -- when you -- okay, when you say
nmy understandi ng, that would be a | ot of
things there. And so maybe you can nake it
nore sinpler, maybe you can break it down
so | can address this limtation in a nore
easier way or nore -- so | can better work.
Q Yes, we can break it down.
Let's start fromthe beginning of the claim
elenent. The first portion reads
“receiving fromthe macro base station
information related to an i n-sequence
timer."
What is your understandi ng of
this portion of elenent 1-C?
DR. MOULDER: (nhjection to
form
A The plain nmeaning here, the
receiver in this case, | think it's

referring to the -- the UE here receive

U S. Legal Support | ww. usl egal support.com Pantech Cotporation

Ex. 2013
Page 49 of 138


http://www.uslegalsupport.com 

© 00 N o o A w N PP

N N NN NN P PR PR R R R PRk
o A W N P O © © N O O M W N P O

Titus Lo, Ph.D.
Decenber 18, 2025

information fromthe nmacro base station the
information related to in-sequence tiner.
Sol think it's plain and sinple.

Q And if we continue on just a
few words nore in elenent 1-C, it states
that the in-sequence tiner is for PDCP
SDUs. Do you see that?

A Yes.

Q What i s your understandi ng of
the claimelenent stating that the UE
receives information related to the
I n-sequence tinmer for PDCP SDUs?

DR. MOULDER  (bjection; form

A In this case you have to | ook
at the preanble there. So basically we are
tal ki ng about dual connectivity, especially
dealing with the nulti-flow. So the tiner
information for the PDCP SDU i s regarding
the scenario here. So it's regarding the
timer. So the timer for reordering the PDU
or SDU.

Q In claimelenent 1-C we're
tal ki ng about the tinmer for SDUs, correct?

A Ceneral |y speaking, you --

okay. The SDU by strict sense is
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al ready -- the sequence nunber is already
stripped fromthe data unit. |It's the only
PDU have the sequence nunber. So, but in
this sense, to anyone with -- or any PCSI TA
who understand SDU or PDU, they are not

di stinct for here.

Q In claimelenent 1-C, do you
see the term "PDU'?

A | don't see -- | see the PDU in
the imtation

Q But do you see it in el enent
1-C?

A In the elenent 1-C 1 wll
understand the SDU is corresponding to the
PDU of the previous. Oherwise it doesn't
make sense.

Q | "' masking you if in el enent
1-C you see the letters "PDU."

A | don't see it. So that's why
["'mtelling you it doesn't nmake sense if
you interpret by itself. So you have to
understand the PDU has to corresponding to
the SDU. O herwise it doesn't nake sense
because SDU by itself, it doesn't have the

sequence nunber.
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Q So in elenent 1-C the claim
recites "receiving fromthe nmacro base
station infornmation related to an

I n-sequence tinmer for the PDCP SDUs, "

correct?
A Yes.
Q So it's fair to say then, based

on the words witten on the page for
el ement 1-C, that the in-sequence tinmer is
for PDCP SDUs, correct?
DR. MOULDER  (bjection; form

A Ckay. Can you -- literally,
yes, okay, what you say is correct, but it
doesn't make sense to nme because | have to
use -- consider the limtation. Oherw se
the whole limtation does not nake

t echni cal sense.

Q "' mnot asking you to read it
out of context. [|'mjust asking a very
straightforward question. |If when you | ook

at element 1-C, you agree with ne that the
words on the page in elenent 1-C state that
there's an in-sequence tiner for PDCP SDUs,
correct?

DR. MOULDER  (bjection; form
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A Did you say just for PDCP SDU?
That's what you're saying?

Q | "' mjust asking you to confirm
that elenment 1-Crecites that the UE
receives information related to a
I n-sequence tinmer for PDCP SDUs.

DR. MOULDER  (bjection; form

A. No, | think this limtation has
to relate to the upper -- the previous
limtation. Basically, the tinmer receives
information related to in-sequence tiner
for the PDU SDUs corresponding to the PDCP
PDUs. Because the previous |[imtation you
kind of omt the nodification.

Q | "' muncl ear from your answer
whet her or not you were agreeing with nme or
not so I'll ask it one nore tine.

In element 1-C, do you agree
that the in-sequence tiner is for PDCP
SDUs? Yes or no.

DR. MOULDER  (bjection; form

A | agree with you if you
consider the previous limtation. Only if
you consi der the previous limtation.

Q Fair enough. So let's go take
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a look at how the patent itself discusses
this claimelenent. Maybe that will help
us both out here.

| f you woul d navigate to col um
13 of the '573 patent, and we'll | ook to
the paragraph that starts on line 43. The
nunber | ooks like it got a little bit off
on the patent, so | believe it's the
paragraph that begins with "the PDCP
sequence nunber (SN)." Do you see that
paragraph in colum 137

A Yes.
Q Sol'dlike to take a couple

m nutes to tal k about this paragraph and
actually the coupl e paragraphs that foll ow
up to try to get an understanding -- or
trying to get your understandi ng of what
the in-sequence tinmer is in the context of
the '573 patent.

So if you'll just take a nonent
here, will you just go ahead and read to
yourself this first paragraph that runs on

colum 13 that runs fromline 43 to |

believe it's 53, the end of that paragraph.

Line 53. Let ne know when you're done.
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A (The witness reviews the
docunent .)
Ckay.
Q Let's start with the first
sentence. In the first sentence, | believe

it would be the third |ine of the paragraph
or so, it states that "if the PDCP SN of
the PDCP SDU i s not sequential," and then
It gives a parenthetical that says "that

I's, when the SN," and it's ny understanding
earlier in this paragraph SN refers to
sequence nunber, "when the SN prior to the
PDCP SN of the PDCP SDU is m ssed, an

I n-sequence tinmer for the PDCP SDU i s

driven." Do you see that?

A Yes.

Q Sois it fair to say that we're
tal ki ng about -- this paragraph is

descri bing that the in-sequence tiner for
the PDCP SDU is driven if there is a m ssed
SDU or a non-sequential SDU?
DR. MOULDER  (bjection; form
A Can | ask a question? Wy do
you skip the first sentence?

Q " mtal king about the first
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sentence. |I'msorry if that was uncl ear.
This is all within the first sentence of
t hat paragraph starting on line 43.

A. Yes, but the first sentence
says, "The SDU corresponding to the PDU,"
right?

Q We'll walk through it.

A Ckay.

Q So the first sentence, if you'd
like to start at the beginning, the first
sentence says that "the PDCP sequence
nunber (SN) of the PDCP SDU correspondi ng

to the PDP PDU received" fromthe entity is

confir med.
A Yes.
Q And if it's all right with you

["I'l skip saying PDCP because we have to
say it so many tines here.

A Ckay.

Q | f the sequence nunber, the SN
of the SDU is not sequence (that is, when
t he sequence nunber SN prior to the SN of
the SDU is m ssed), an in-sequence tiner is
driven.

A Yes.
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Q Ckay, so is it fair to say that
the in-sequence tinmer is driven based on an
out - of - sequence SDU?

DR. MOULDER: Qnjection; form

A No, the premise is here in the
first phrase of the sentence, the sequence
nunber of the SDU corresponding to the PDU
That's very inportant there because the
sequence nunber is -- resides in the PDU
So that's why it's inportant to realize the
SDU corresponding to the PDU. So basically
t he sequence nunber first is related to the
PDU, and logically corresponding to the
SDU.

So in a sense, w thout the PDU
It doesn't nake sense, the whol e thing.

But with the PDU, then yes, everything --
the POSITA will understand the SN is for

PDU but logically it can tie to the SDU.

Ckay?

So then the POSI TA will
under st and, okay, when you nention SDU, it
actually corresponding to the PDU.  So
whet her you -- okay, in the sense whether

you' re saying the SN for the SDU or PDU

U S. Legal Support | www. usl egal support.com Pantech Cdporation

Ex. 2013
Page 57 of 138


http://www.uslegalsupport.com 

© 00 N o o A w N PP

N N NN NN P PR PR R R R PRk
o A W N P O © © N O O M W N P O

Titus Lo, Ph.D.
Decenber 18, 2025

they are the sane. So -- and when you say
the SDU is mssing, it's actually the PDU
also mssing. Rght? So if you swap
everything in the PDU it nmakes sense, it
makes perfect sense, okay?

So in a sense, ny opinion here
is the SDU and PDU, the sane thing here
you' re tal king about.

Q That was not ny question. M
guestion is about the trigger for the
I n-sequence tinmer, when the in-sequence
timer is to be driven. Is it your
understanding fromthe sentence we're
reading starting on |ine 43 of colum 13
t hat when the sequence nunber of an SDU is
confirmed and there is a non-sequence SDU,
the in-sequence tinmer is driven?

DR. MOULDER  (bjection; form

A You see, to a POSITA, the SDU
or PDU -- whether SDU or the correspondi ng
PDU they're mssing, yes, the tiner is
driven. So you insist it's only here it's
SDU, but to a PCSITA, they are the sane,
PDU and SDU. That's ny opinion here, okay?

But if you insist, okay, only
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SDU m ssing, the tiner is driven, that's
not correct. | nean, that doesn't make
sense at all. But if you say okay, only
fromthe surface of the neani ng, yes, okay,
that's what it says.

Q So let's break down the first
sentence. Maybe that wll help here.

Do you agree that there are two
conditions being laid out in this first
sentence that relate to when the
I n-sequence tinmer is driven?

A Ckay, let ne back up. First of
all, the condition is SDU, let's say --
okay, the first condition, SDU
corresponding to PDU. So this is what we
have, okay. Basically SDU equals PDU in
| ogi cal sense. Right?

Q Before we get to that, let's
just start at a baseline. W agree that
there are two conditions here. Regardl ess
of what they are, let's just agree that
there are two --

Yes, let's say, yes.

Q Now let's start with the first

one.
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A Ckay.

Q The first condition being, |I'm
just going to read the text off here to
make sure we're tal king about the sane
portion of the patent since we're not in
the roomtogether. The first condition
woul d be based on the | anguage in the
patent that says, "The PDCP sequence nunber
(SN) of the PDCP SDU corresponding to the
PDCP PDU received in the PDCP entity is

confirmed."
Can we agree that that is what
we'll call it the first condition?
A M hmm
Q Ckay. And can then can we

agree that the second condition is, based
on the text here, I'll read it again, "If
the PDCP SN of the PDCP SDU i s not
sequential (that is, when the SN prior to
the PDCP SN of the PDCP SDU is m ssed), "
that woul d be the second condition. And
the remai nder of that sentence provides
that the in-sequence tiner is driven. Can
we agree on that?

DR. MOULDER  (bjection; form
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A Agree on what ?

Q Those are the two conditions we
are going to tal k about.

A Yes.

DR. MOULDER  (bjection; form

A Okay, you have A or B. If A
mssing, tinmer is driven, right? That is
what it says, right?

Q | didn't get to what they are
yet. I'mjust trying to set a baseline for
us to be able to talk about this in a
| ogi cal manner.

A Ckay.

Q So let's start with the first
condi tion here.

A MM hmm

Q This is what we just spoke
about, which is the first portion of the
first sentence here. It runs fromlines 43
to 45 of colum 13.

A Al right.

Q s it your understanding that
this portion of the first sentence is
saying that the sequence nunber of the SDU

whi ch corresponds to the PDU, received from
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the PDCP entity needs to be confirned?

DR. MOULDER  (bjection; form

A Ckay, so this is a statenent,
right? It's not a condition.

Q Ckay, fair enough. So this
statenent is -- would you agree that this
statenent is saying that the sequence
nunber of the SDU is confirnmed?

A To ne there's two here. So the
first is the sequence nunber, and then the
second is the PDU and SDU. So the sequence
nunber is for PDU and SDU. So actually,
there's no separation here. SDU and PDU
they are the sane.

Ckay, so what |'m saying here,
to a POSITA, they have a technica
background or the standard background, so
basi cally when you nention this, PDU SDU,

t he background is there. So the SDU and
PDU, they are the sane regarding the
sequence itself.

So basically, the sequence
number is confirmed for PDU or SDU.
There's no difference there. So that is

t he statenent here.
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Q Wul d you agree that the
I nventors of this patent had the technol ogy
background that you're referring to that a
PCSI TA woul d have?

A Yes.

DR. MOULDER  (bjection; form

Q So then we | ook at the sentence
which they wote that says "the PDCP
sequence nunber of the SDU corresponding to
the PDU received by the PDCP entity is
confirnmed.” So as you said, this is a
statenent. And do you agree that what this
statenent is saying is that the sequence
nunber of the SDU is confirmed?

A The sequence nunber is
confirmed. | agree. But if you're
assessi ng sequence nunber of the SDU is
confirmed, that is not what it says here.
The sequence nunber of SDU correspond --
has to be corresponding to the PDU is
confir med.

Q But the statenment is still
saying that it is the sequence nunber of
t he SDU.

A Corresponding to the PDU.
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Q Then it's confirmed, correct?

Yes, correct.

Q Next in the sentence it states
that "if the PDCP sequence nunber (SN) of
the SDU i s not sequential, an in-sequence
timer for the PDCP SDU is driven," correct?

A Correct.

Q So would it be fair, as another
way of saying that, that the in-sequence
timer is driven upon detecting an
out - of - sequence SDU?

DR. MOULDER: Qnjection; form

Q |"mjust trying to get this
into alittle nore digestible fornat
because there's a | ot of acronyns goi ng on
right now That's why | ask.

Wuld it be a fair
characterization of this portion in colum
13 of the '573 patent to say that the
I n-sequence tinmer is a tinmer that begins
upon detection of an out-of-sequence SDU?

A Yes. This condition -- what
this is saying is -- yes, this is what it
says, but what I'malso saying is it's the

same -- equivalent to PDU. |f PDU m ssing,
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the timer is driven. That's an equival ent
operation because they are the sane. The
PDU and SDU are the sane.

Q Ckay. And stepping away from
the in-sequence tiner aspect of this, in
your mnd, in the context of the '573
patent, PDU and SDU are the same. Am|
under st andi ng your testinony correctly?

DR. MOULDER  (bjection; form

A Okay, one | know -- okay,

you -- okay, so when you ask this question,

are you tal king about this paragraph or are

you talking -- are you -- or in a general
sense?
Q |"mreferring to within the

context of the '573 patent. Wen the '573
patent refers to SDUs and PDUs, is it your
testinony that they are interchangeabl e?
DR. MOULDER  (bjection; form
A They are interchangeable in the
sense that sequence nunber are for both.
And in fact, only the PDU has the sequence
attached to it, sequence nunber attached to
iIt. But they are correspond to each other.

So if the SDU and -- one-to-one
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correspondi ng between SDU and PDU. As far

as the data itself, the data unit, they are

t he same.
Q | just want to make sure.
We'll take a break here in a second. I

know we've run a little nore than an hour.

| just want to nake sure before | nove on
that |I' munderstandi ng your position on the
'573 patent.

So et nme just ask you a couple
guestions. Maybe we'll try to nmake them
really straightforward. Wen we refer to
t he sequence nunber, is it your testinony
that the sequence nunber of the SDU is the
same sequence nunber of its correspondi ng
PDU?

A Strictly speaking, it is. The
sequence nunber resides in the PDU
correspondi ng to the SDU.

Q When t he patent says "the
sequence nunber of an SDU," do you
under stand what the patent -- the '573
patent is stating?

A Yes. That's what | said. So

nmy under st andi ng, okay, or a POSITA wi ||
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under stand when it says the sequence nunber
of SDU is actually the sequence nunber that
resides in the PDU, which corresponds to
t he SDU.
Q Ckay. And then putting
sequence nunber aside, an SDU and a PDU are
different fromeach other. They are not
synonynmous terns, correct? 1In the context
of the '573 patent. Correct?
DR. MOULDER  (bjection; form
A Can you repeat the question
SO --
Q Sure. Sorry, | sort of split
that up into two.
In the context of the '573
patent, a PDU and an SDU are not synonynous

terns; they nean two separate data units,

correct?
DR. MOULDER  (bjection; form
A No. They are the sane.
Q So does that nean it's your

understandi ng that any tine "SDU' is used
in the patent, PDU coul d be interchanged
for that sanme ternf

A How | -- I'mjust thinking
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about how | explain this. You are speaking
in the sense they are separate thing,
right? But it's not. It's not ny
under st andi ng.

| give you a candy. That's the
PDU. And then you unwap it and you have
the candy now. That's your SDU. They are
not -- we are not talking about two
different entities. W are talking about
the sanme entity. |It's just when | give you
the candy there's a wapper there. Do you

see what | nean here?

Q | understand your anal ogy, yes,
t hank you

A Ckay.

Q So | just want to nmake sure

because you said it nmultiple tinmes now, |
just want to nake sure that it's clear.
There is a difference -- is it
your testinony that there is a difference
bet ween an SDU and a PDU?
A Yes. There's a difference
t here, okay?
Q Ckay. That's all, thank you
MR, STANFORD: W can take a
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break now. Thank you for going a
little bit past the hour. |
appreciate it. W can nove on from
this when we cone back fromthe

br eak.

Let's take ten mnutes. 2:40,
or 11:40.

(Wher eupon, a short recess was
t aken.)

BY MR STANFORD:

Q Ckay, Dr. Lo. Let's nobve onto
tal k about the grounds that you relied on
I n your declaration.

So |' m upl oadi ng now what we'l |
mark as Exhibit 4. Just go ahead and open
t hat docunent.

(Wher eupon, Koski nen Reference
was marked as Lo [Exhibit 4 for
identification as of this date by the
Reporter.)

MR. STANFORD: For the record,
this is U S Patent application
publ i cati on nunber 2014/0301362,
whi ch was previously designated as

Exhi bit 1005.
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A Ckay.

Q Do you recogni ze this
ref erence?

A Yes.

Q s this the, we'll call it the
Koski nen reference that you relied upon in

ground 1 of your declaration?

A Yes.
Q Soif | refer to it as the
Koski nen reference, will you know what |'m

t al ki ng about ?

A Yes.
Q So before we junp into the
reference itself, | just wanted to take a

| ook at a paragraph in your declaration.
It's paragraph 128.

This is a section about claiml
and about the preanble. And in paragraph

128 of your declaration, in the first line

you refer to what you call "Koskinen 281
(Exhibit 1008)." Do you see that?

A Yup.

Q This is referring to a

different reference than the Koski nen that

we just marked as Exhibit 4, correct?
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A Ri ght.

Q Are you relying on a
conbi nati on of both Koski nen as we've just
mar ked as [Exhi bit 4 and this Koskinen '281
as part of your invalidity opinion?

DR. MOULDER  (bjection; form

A | use this reference here just
toillustration -- to illustrate nore
clearly to the application of nulti -- dual

connectivity and multi-flow. So in this
reference it's another way to | ook at the
case of nmacro and pico base station when
you receive the data -- it's just an

il lustration here.

So | think the rest of the
declaration, we don't rely on this. This
Is only a way to give a clear picture of
the multi-flow and dual connectivity.

Q So Koskinen '281 is being used
to suppl enent portions of your initial
primary reference to Koskinen where it's
unclear in there, for exanple, about
mul ti-flow or dual connectivity; you are
bringing in Koskinen '281 to suppl enent

t hose teachings, is that correct?
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DR. MOULDER  (bjection; form

A No, |'m not saying uncl ear.
Koski nen is not connected. [|'m not saying
that. [|'msaying | used this as another

way to show it. So probably for people to
under st and nor e.
So basically, even Koski nen

figure 1 on the declaration at page 72,
that also illustrate the nulti-flow case.
So here it's just used to -- another way to
|l ook at it. So that's the purpose here, to
give a better picture.

Q So how i s Koskinen '281 hel pfu
for, as you say, giving a better picture?

A Ckay, let me read 1.8. "Also
In related Koskinen 281, 281 figure 1 is
related to dual connectivity in E-UTRAN and
shows distributed radio Iink control and
radio link control options. Here, RLC PDUs
are assigned by the macro eNB and a subset
of the RLC PDUs are sent to pico eNB, as
pictured in figure 1 of Koskinen '281.
Accordi ngly, a POCSI TA woul d have recogni zed
based on this that Koskinen eNB and LTE Hi

AP are macro eNB and pico eNB, or simlar
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structure, and operate in the sane nanner."
So that is the way we use it to
illustrate the application here.
Q l"mtrying to understand if
Koski nen '281 i s suppl enenting sonet hi ng
that is mssing fromthe teachings of
Koski nen or is being added in addition to
what's in Koskinen to achieve elenent 1
pre, which is the section that this is in.
So ny question for you is, in
your opinion, in order for claiml pre to
be taught by these references, do you need
bot h Koski nen and Koskinen '281 in order to
teach all the limtations of elenment 1 pre?
DR. MOULDER  (bjection; form
A | think paragraph 128 is very
clear. So basically, based on this, a
PCSI TA woul d have recogni zed based on this
t hat Koski nen eNB and LP are macro and pico
eNB and operate in the sane manner. So
It's just for that purpose it's clear to
me.
Q | n paragraph 128 when you say
the phrase "a POSI TA woul d recogni ze based

on this," is "this" the explanation in the
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precedi ng sentences about Koskinen '281?

A Yes. Including figure 1 there.

Q So based on the teachings of
Koski nen '281, a PCSI TA would be able to
conbi ne those with Koskinen's teachings to
understand that the eNB and LTE H AP are a
macro eNB and a pico eNB, correct? That's
what paragraph 128 is saying, correct?

DR. MOULDER  (bjection; form

A The paragraph only say figure 1
produced below. So basically we're talking
about figure 1 of Koskinen '281.

Q Ckay. So conbining that into
Koski nen to teach the eNB and LTE H AP as
macro eNBs and pico eNBs, right?

DR. MOULDER: (njection to
form

A "' mnot sure | agree what you
characterize here because | only nention in
this paragraph -- | only nention figure
1-A. So it's just like -- to ne 128, the
paragraph 128 is very clear. And however
one can interpret it | don't know, that's
up to anybody to interpret whatever they

want. But to ne this is ny opinion.
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Q All I'"'mtrying to understand is
when you say based on "this,"” what "this"
is. Wen you say "this" towards the end of
paragraph 128 you nean figure 1 of Koski nen
'281' s teachings.

A Yes, this is referring to the
previ ous sentence. And figure 1 is related
to distributed radio |ink control and
I ndependent radio |link control options. So
that is what it refers to.

Q Let's switch over to Koskinen
'281 which | marked as [Exhibit 4/ Exhibit
1005 in the | PR proceeding.

A Ckay.

Q What is your understandi ng of
the invention that's being described in
Koski nen?

DR. MOULDER  (bjection; form

Q | apol ogize, Dr. Lo, before you
answer that.

MR. STANFORD: Chris, | think
your m c noved far away from your
nmout h.

DR. MOULDER: Let's take a

br eak.
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(Di scussion off the record.)

Q Dr. Lo, let me re-ask that
guestion so we have a clean record here.

A Ckay.

Q What i s your understandi ng of
the invention that's being described in
Koski nen?

DR. MOULDER: (Qnjection; form

A | think | sunmarize it in ny
decl aration, paragraph 120. Start from
120. So | can read through it. That's ny
under st andi ng.

Q Ckay, you don't need to read
word for word what's in the decl arati on.
"' m asking nore generally, in your own
wor ds, what is Koskinen descri bing?

DR. MOULDER  (bjection; form

A Okay, as | said, | summarize it
pretty good there, okay? |If you want a
shorter form basically Koskinen provide
the sanme solution as '573 to the sane
pr obl em

Q Ckay, so in your opinion, they
are addressing the exact sane problemin

exactly the sane way, they are identical.
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I's that your testinony?
DR. MOULDER  (bjection; form

A It provides the sane sol ution
to the sane problem

Q Koski nen deals with reordering,
the concept of reordering, correct?

A Yes.

Q And this reordering is
I npl emented by an RLC entity, if | recal
correctly. Is that right?

DR. MOULDER  (bjection; form

A. Koski nen di fferent sol ution,
descri be the operation, reordering in RLC
and reordering a tiner. But he actually
antici pates the use in the PDCP | ayer,
basically basically you can just use the
sane nethod in the PDCP |ayer. So that is
the same solution to the sane problem as
the '573 patent.

Q And when you're tal king about
Koski nen antici pating the use of reordering
in the PDCP | ayer, where are you looking in
the reference specifically?

A. Well, if you | ook at reference

t o Koskinen, figure 2.

U S. Legal Support | ww. usl egal support.com Pantech Corporation

Ex. 2013
Page 77 of 138


http://www.uslegalsupport.com 

© 00 N o o A w N PP

N N NN NN P PR PR R R R PRk
o A W N P O © © N O O M W N P O

Titus Lo, Ph.D.
Decenber 18, 2025

Q Ckay, |'mthere.

A So this is the al gorithm when
you observe a gap in the PDCP | ayer, a gap
in PDU or SDU if you |like, and you start a
timer, okay? And when the tiner expire,
then you deliver the SDU to upper |ayer.
So clearly this is sane operation and the
sane solution to the problem to the sane
pr obl em

Q So you're referring to the box
| abel ed 310 at the top of figure 2 that

says "observe gaps in the PDCP PDUs, "

correct?
A Yes.
Q And then follow ng the flow

down t hrough box 320 where it says start
timer; 330, where it says the tiner
expires; and 340 where figure 2 says
“prevent gap from bl ocki ng delivery of
SDUs, " correct?
DR. MOULDER: (hject to form

A Right. Yes, that's the
algorithml'mtal ki ng about.

Q Let's talk a little bit about

the tinmer that's being referred to here in
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boxes that are |abeled 320 and 330. And to
do that let's take a | ook at paragraphs 16
and 17 of Koskinen. Page 6 of the PDF.

A Ckay, paragraph 16?
Q 16 and 17, yes. Do you see
t hent?
A Yup.
Q In the fifth Iine of paragraph

16 it references sonething called

T-reordering. Do you see that?

A Yes.
Q T stands for tinmer, correct?
A Yes.
Q So can we refer to this as a

reordering tiner?

A Ckay.

Q | s that accurate, in your
under st andi ng?

A Yes.

Q And in paragraphs 16 and 17, in
the first line of each paragraph it refers
to 3GPPTS 36.322. Do you see that?

A Yes.

Q s T-reordering defined by this
3GP specification 36.3227
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A Yes.

DR. MOULDER  (bject to form

Q And | ater on in Koskinen, when
It refers to a reordering tiner, is
Koski nen referring to this T-reordering
that's defined by TS 36. 3227

DR. MOULDER  (bjection; form

A It depends on the context
you' re tal king about. So --

Q Ckay, let's put it into sone
cont ext then.

Let's go to paragraph 37 --
excuse ne, 38. Never mnd, 37. That's the
bottom of page 2 of the patent, or page 7
of the PDF. Paragraph 37.

A. 37, right.

Q 37, the first line says, "For
exanpl e, certain enbodinments utilize a
timer such as a reordering tinmer as shown
in figure 2."

s this reordering tinmer
referred to in paragraph 37 the sane as the
T-reordering defined by TS 36. 322
referenced in paragraphs 16 and 177

DR. MOULDER  (bjection; form
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A In a sense, okay -- well, to a
POSI TA, 36.322 is regarding the operation
of RLC. And here, based on the figure 2,
It's tal king about a PDCP and TT. So it
woul d not be the sanme thing. Here what |'m
saying is people -- a PCSI TA woul d
recogni ze this reordering timng is on a
PDCP | ayer.
Q So it's different fromthe
T-reordering tinmer?
A Yes. It's different fromthe
specific tinmer you're tal ki ng about.
Q That's helpful. | just want to
make sure we're tal king about the sane
ti mer when we're readi ng Koski nen.
So now i n Koski nen tal king
about the reordering tinmer in paragraph 37,
it also refers to it in a few other
par agr aphs that follow 38 through I
beli eve 39, each refer to a reordering
timer.
What is your understandi ng of
the neaning of this reordering tiner?
DR. MOULDER: (Qnjection; form

A You are tal ki ng about paragraph
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38?2

Q It's the tinmer that's referred
to as a reordering tinmer. |It's referenced
I n paragraph 37, paragraph 38, and
paragraph 39, each referring to | believe
the sanme tiner, which is a reordering
timer. But I'll ask you, do you agree that
each of paragraphs 37, 38 and 39 are
referring to the sane tinmer?

"1l give you a nonent to read
t hrough them

A (The witness reviews the
docunent .)

Ckay, so if you read the
paragraph 37, so it says, "For exanple,
certain enbodinents utilize a tiner, such
as a reordering tinmer." A reordering
timer. So obviously it's not the tiner.
In the previous paragraph that's specified
In 36.322, right?

Q Yes.

A A reordering timer as shown in
figure 2. Basically, putting in the
context of this tinmer, reordering tinmer is

operate in PDCP entity. Agree?
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Q | think you may have
m sunder st ood ny questi on.

A No, no --

Q My question is, is the
reordering tinmer -- when paragraphs 37, 38
and 39 refer to a tinmer, or reordering
timer, are those paragraphs tal king about
the same tiner?

A So bear with nme, okay? | wll
get to that. So saying what we're talking
about, in figure 2 is the timer. The
timer. A reordering tiner operate in a
PDCP entity, right? So the rest is
expl ai ni ng why.

Ckay, so basically it talks
about the RLC tiner can -- reordering tinmer
can be repurposed at the PDCP entity. So
the tinmer tal ks about -- the operation
timer tal king about here is the timer that
w Il operate at the PDCP | ayer. But the
operation itself is simlar to the tiner
defined in 36.322. Ckay? So this is ny
i nterpretation of this paragraph, paragraph
37 and 38.

Q Agai n, that's not ny question
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My question is, is the tiner referred to in
par agr aphs 37, 38 and 39 the sane tiner?
When it says a tiner or the tinmer or the
reordering tinmer, because it uses nmultiple
terns, are they all talking about the sane
timer, or is 37, 38 and 39 referring to
several different tinmers but using the sane
or simlar nanmes?
DR. MOULDER  (bjection; form

A Ckay, now, the 37, paragraph 37
and 38, the paragraph 38, they refer --
they are referring to figure 2, right? So
that -- referring to the tiner as a
reordering tinmer in both paragraphs. But
it's related to figure 2. So this tiner is
the sanme -- these two tiners are the sane.
We are tal king about the sanme thing here.

Q Ckay, thank you

A | expl ai ned the sane figure,
right?
Q | just want to nmake sure we're

on the sane page. So paragraph 38 starts
out, "As shown in figure 2, a tiner, such
as a reordering tinmer, can be started at

320 whenever a gap in the received protocol
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data units is observed at 310, such as by
observing a gap in a sequence of protocol
data units."” Do you see that first
sentence of paragraph 38?

A Yes.

Q What does the sentence nmean
when it says "a gap"?

A It nmeans they are m ssing
protocol data unit, or sequence -- SDU or
PDU. Basically it says -- a gap. You have
M is one and then you don't have N and
then Nplus 1. So that's a gap. So
essentially saying there's a data unit
m ssing. And so they are not in sequence.

Q I n paragraph 39 there's a
di scussi on about the tiner's expiry val ue.
You see the first few words of paragraph
39? Do you see that?

A Yes.

Q So in this first sentence, just
conti nui ng on, paragraph 39 states, "The
timer's expiry value can be configured by
radi o resource control (RRC) at 350, and
can be set at 360 | ong enough so that the

ti mer does not expire during nornal
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delivery delay of protocol data units sent
by the eNB to the user equi pnent via a
smal | -cell node; for exanple, including al
possi bl e HARQ and ARQ retransm ssi ons at
MAC and RLC | evel therein, respectively."
Do you see that first sentence?

A Yes.

Q What i s your understandi ng of
when the tiner is set to expire, according
t o Koski nen?

DR. MOULDER  (bjection; form

A Can we break it dowmn? This is
a long sentence, right? So it's probably
nore beneficial to break it down.

Q | agree. |It's a |long sentence,
which is why I'mtrying to understand what
Koskinen is trying to say here. Because to
me it's alittle bit unclear. So let ne
ask you. Koskinen states, |I'll just read
It off again, that "the tiner's expiry
val ue can be set at 360 | ong enough so that
the tinmer does not expire during nornal
delivery delay of protocol data units."”

A Ckay.

Q Do you as a PCSITA, do you know
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what Koski nen neans when it says "l ong
enough" ?

A Here we tal k about the del ay.
So when you transmt the data fromthe base
station, the macro, to the user equipnent,
that's one delay. And then fromthe nmacro
base station to the small cell base station
and then to the user equipnent, there's
addi tional delay there. So basically, it
has to be | ong enough to accommodate the
delay itself. And there m ght be other
considerations, but inthis, it has to
consi der the del ay.

Q Can you give nme sone exanpl es
of what some ot her considerati ons woul d be
In setting the length of the tinmer's expiry
val ue?

A For exanpl e, you're processing
delay. So when you receive data, you
process it, right, fromthe physical |ayer,

okay, all the way to the PDCP | ayer. And

SO -- now, when -- it depends on the user
equi pnrent. |If | have a faster process |
can process the data. If not, | have to --

| have to sequentially process the data
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received fromthe macro and received from
the small base station.

So | have nore data to
accunmul ate so | have to process them
sequential. So those are other
considerations. So it depends on the
system desi gn and, say, how long | have to
consi der.

But here the delay -- since we
are tal king about multi-flow application,
you have to consider the additional del ay
fromthe macro base station to the small
base station to the user equipnent. So
that's additional delay. You have to
consi der that.

Q So what entity needs to keep
track of all these considerations to set
the tinmer's expiry val ue?

DR. MOULDER  (bjection; form

A It's a very conplicated
process. So ultimately the control reside
in the network. So that's why the expiry
val ue in paragraph 39, the tinmer's expiry
val ue can be configured by radio resource

control, by RRC. So that is the --

U S. Legal Support | www. usl egal support.com Pantech Ca@poration

Ex. 2013
Page 88 of 138


http://www.uslegalsupport.com 

© 00 N o o A w N PP

N N NN NN P PR PR R R R PRk
o A W N P O © © N O O M W N P O

Titus Lo, Ph.D.
Decenber 18, 2025

although it's sinple, but there's actually
it's relaying a lot of information to a
POSI TA. But that's all the information
t here.

So the value is sent by the
RRC, nmeans the network controls the val ue,
and the RRC itself is -- when you configure
by RRC is through RRC nessage, okay, and
the message is structured -- has to be
structured. |If you understand LTE,
understand the specification, has to be a
control nessage. Control nessage has to be
in the formof information elenents. And
i nformation el enents, it depends on what
category. You have different type --
different information elenents and
regarding to what.

kay, so that is how you rel ay
the control information. |In this case,
thisis atinmer information, it's PDCP, the
information is all in there. [It's sinple.

Q So all of those considerations

are done by the network which then uses an
RRC -- uses RRC to configure the tiner's

expiry value. Is that what you're saying?
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A Yes.

Q And the way that the tiner's
expiry value is set, that's not stated in
Koski nen, correct?

DR. MOULDER  (bjection; form

A Can you ask that, please? |
didn't catch it.

Q Sure. So you were just telling
me that there are a | ot of considerations
that go into the tiner's expiry val ue and
what the network has to nonitor or keep
track of in order to set the tiner's expiry
val ue.

A Mm hnmm

Q And then the network uses the
RRC to configure that value for the tiner.
That's all correct so far, right?

A Yes. So far, yes.

Q So ny question is, where does
Koski nen explain all of those
consi derations that would need to be
accounted for? | don't see that in this
par agr aph, so where should | look to in the
rest of Koskinen to find all of those

consi derations on howto set the tiner's
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expiry val ue?

DR. MOULDER  (bjection; form

A When you say how to set, you
mean -- are you tal king about the val ue or
how to cal culate the tinme or --

Q Cal cul ate the tine.

A Now, in terms of calculating
tinme, so there's specification probably
address some scenarios, okay? So that is
probably known to POSITA, right? You don't
have to repeat those things. There's sone
ot her consideration that is specified in
the standard itself.

Now, here we are tal king about
in this context, in Koskinen, the problem
t here that Koskinen talk about, it is
mul ti-flow application, and that specific
application -- in that specific
application, this additional delay has to
be considered. So neans additional factor,
you have to factor in when you -- when the
network cal culates the tiner's expiry
value, it has to consider in addition to
what other factors, this has to be

consi dered additionally.
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Q And those other factors are not

| i sted i n Koski nen, correct?

A | don't renenber. It may or it
may not, okay? | don't renenber this or
not. So | have to check. | did not pay --
| don't renenber it says. It may or it nmay
not .

Q You don't recall seeing those
other factors -- any other factors --

A | don't recall, but to POSITA
it doesn't have to because when you -- this

Is on top of a system Basically you're
doing sone -- adding a feature into a
network. So if you wite down everything,
that would be a long, long thing. So
basically it's well understood what kind of
factor has to be consi dered when you're
setting a tinmer. So for exanple, the RRC
timer, there's a delay, there's sone kind
of delay considers and sone other things
considered. RRC is only for HARQ purpose,
so that's for different configuration.

But in this case, using
multi-flow del ay, additional delay between

macro base station and small base station
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and the user equi pnent have to be
considered. That is what is said here.

So ny point is -- whether it
lists here or not probably is not inportant
or not necessary, right?

Q What is the purpose of the
timer?

DR. MOULDER: (Qnjection; form

A So are you tal king about the
timer in Koskinen or are you tal king about
the timer in '573?

Q Yes, I'mreferring to -- what
I's the purpose of the tinmer in Koskinen?

A | believe | said that in ny
decl arati on.

Q | believe you nentioned earlier
that the gap that triggers the tinmer is
based on a gap in the sequence of PDUs, is
that correct?

A Yes. | nentioned the figure 2
I n Koski nen.

Q And figure 2 is referring to a
scenari o where there's a gap in the
sequence of PDUs and so a tiner is started,

Is that right?
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A Ri ght.

Q What happens when one of those
m ssing PDUs arrives while the tiner is
still running?

A Ckay, when the m ssing PDU
arrive within the tinme of the tiner,
there's no problemthen, right? And then
the PDCP wll be able to deliver the PDU or
SDU to the operator in sequence.

Q |"mtrying to find where
Koski nen descri bes the scenario. So can
you point ne to where in Koskinen it

expl ai ns what steps are perforned when a

m ssing -- an out-of-sequence PDU is
received while the tiner is still running?
A The Koski nen tal ks about the

operation of the tinmer, the reordering
timer operation by referring to 36.322. So
that is way before this nmulti-flow. So in
that operation it have all the scenario
there. Before expiry tine, what you have
and what deliver, and after it expires what
to do. Okay, so it's all scenario. |It's
witten in the standard. So that is

al ready there.
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Now, in ny view -- okay, so
Koski nen i s saying here the purpose of that
timer in PDCP, so basically actually define
everything. The operation before the
m ssing PDU arrive, there's no problem you
can deliver. And here it tal ks about when
you're going to use a tinmer when it expire,
you're not going to block delivery. You
just deliver whatever you have received.
And so --

Q Ckay, so -- I'msorry, if you
weren't finished.

A No, that's ny view. It doesn't
have to spell it out to a POSITA. This is
what the operation. Basically you can just
repur pose the whol e thing, repurpose this
reordering at the PDCP | ayer.

Q So Koski nen doesn't describe
what to do if the out-of-sequence PDU
arrives while the tinmer is still running;
It's not focused on that situation. It's
focused on the scenario where the tinmer has
expired, and that's what Koskinen is about,
Is that correct?

DR. MOULDER  (bjection; form
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A Ckay, tone it is there already
because Koskinen -- it already tal ked about
the reference of 36.322 don't have
everything there. It actually tal ked about
that. To ne. It is to ne, it already
tal ks about that.

Q It's relying on TS 36. 322 as
background and Koskinen is focussing on a
specific scenario -- excuse nme; specific
scenari o where the tinmer has expired, not a
scenari o where the out-of-sequence PDU
arrives before the tiner expires, correct?

DR. MOULDER  (bjection; form

A There's so many statenents in
your question.

Q |"mjust trying to sunmari ze.

A. Yeah, | know, | know. Koski nen
address the sane problemas in '573 patent.

Q | want -- I'msorry, go ahead.

A Addr ess the sane probl em and
provi de the sanme solution. Basically use
timer to address the problem And Koski nen
al so say you can just repurpose the tinmer
at RRCinto the PDCP |ayer. And the RRC

ti mer operation has already defined or
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specified in the standard for RRC | ayer.
SO you can just repurpose it.

And so to ne it's very clear.

Sol think that is -- | nean, it's obvious
to a POSI TA
Q Okay, let's nove on to the

Sammour reference, which I'mdropping into
the chat now W'IlIl try and get through
this rather quickly. This will be Exhibit
5, which was previously designated as

Exhi bit 1006.

(Wher eupon, Sammour Reference
was marked as Lo Exhibit 5 for
identification as of this date by the
Reporter.)

MR STANFORD: For the record,
t he Samour reference is U S Patent
appl i cation publication nunber

2009- 01491809.

A Ckay.

Q Do you have that open?

A Yes.

Q Sanmour is used in the second

ground of invalidity in your declaration,

correct?

U S. Legal Support | ww. usl egal support.com Pantech C@poration

Ex. 2013
Page 97 of 138


http://www.uslegalsupport.com 

© 00 N o o A w N PP

N N NN NN P PR PR R R R PRk
o A W N P O © © N O O M W N P O

Titus Lo, Ph.D.
Decenber 18, 2025

A Ri ght.
Q And it's conmbined with

Koski nen, which we've just been discussing,

correct?
A Mm hnrm  Yes.
Q What is m ssing from Koski nen

that you are using Samour to teach?

A There's nothing mssing in
Koskinen in terns of -- to me Koskinen has
all the elenents, that's so obvious in
ternms of the claimelenents.

Q So why are you proposing --
sorry.

A So renenber in Koskinen
paragraph | believe 39 or 38, it talks
about the tinmer is configured by RRC,
right? So to a POSI TA, obviously control
nmessage has to be in information el enent
form And so to people -- well, Koskinen
did not explicitly say using a control
I nformation elenent, although it's
actually -- it's very inplicit there.
There's no other way, by definition of LTE
standard, there's no other way to deliver

control nessage other than using
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information elenent. So he did not say it.
But here we use Samour to make it actually
nor e obvi ous.

So the question says it's
mssing. To ne there's nothing mssing. |
used the Sammour here to illustrate the
obvi ousness here, to use the information
el ement to deliver a tiner setting.

Q So Sammour is used for the
i nformati on el ement aspect of the '573
clainms, is that right?

A Say that again, please.

Q |"mjust trying to understand
your testinony just now. You're saying
that you needed Sammour to spell out that
the information elenent is used in the RRC
nmessaging to read on elenments of claim1,
correct?

DR. MOULDER  (bjection; form

A | believe |I spelled it out in
nmy decl arati on why we use Sammour to
illustrate.

Q | s Sammour redundant of the
t eachi ngs of --

DR. MOULDER: | don't think he
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was done with his answer.
MR. STANFORD: | apol ogi ze.

A | f you go to paragraph -- |I'm
just trying to address your question first
why we use Sammour. So if you go to
paragraph 190, this is the notivation

conbi ned Koski nen and Sanmnour.

Q Ckay, thank you
A Do you need nme to read out?
Q No, that's okay. | can read it

from your declaration.
Are the teachi ngs of Sammour
redundant of the teachings of Koskinen?

A | think to a POSITA it's kind
of redundant. But we put it here as
probably make it nore easier for other
peopl e t o under st and.

Q Vell, why don't we take a | ook
at just a couple of the specifics what
Sammour is teaching. If you'll junp to
paragraph 148 of Sanmour, it's a paragraph
that's really just a heading. It says
"Reordering stop node IE. "

A Sorry, which paragraph?

Q 148. It's given a paragraph
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nunber but really it's just a heading. It
says "reordering stop node IE."

A Yes.

Q I n the paragraph that foll ows,
so paragraph 149, it nentions a flush
timer. Do you see that?

A Yes.

What is a flush tiner?

A Based on here, you use stop
timer to stop reordering by its function.

Q And it's saying stop reordering
foll om ng hand-over, is that right?

A Yes.

Q | don't see anything else in
t hat paragraph or paragraph 150 about the
flush tinmer. Do you?

DR. MOULDER  (bjection; form

A Are you asking where do | -- do
| see "flush tinmer" anywhere el se or
sonething like that?

Q Sorry, do you see a description
of flush timer in paragraphs 149 or 150,
or, excuse ne, table 33?

A Yeah, it says the tiner to stop

reordering. | assune that's the function.
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Q | s there anywhere, from your
recol | ecti on of Sammour, where Sanmmour
descri bes how long to set the flush tiner
for?

A No, | did not pay attention --
| don't have any opi nion on what the flush
timer, okay? Here it's not -- the point is
not what the timer does. To ne it's not
I nportant here. The inportant thing is how
does Sanmmour describe the nethod of deliver
the tinmer information.

Q Ckay, thank you, that's
hel pful .

Like I said, we'll quickly get
through this one. W'Ill go to the | ast
reference you relied upon which is the
Deenoo reference, which will be Exhibit 6.

DR MOULDER: Do you want to

take a break before we get into
Deenoo?
MR. STANFORD: Sure. Wy don't
we take a break. Feel free to go
ahead and downl oad Exhibit 6.
A Can | have nore tinme for the

break? It's 1:00. I'mreal hungry. Can |
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have 15 m nutes?

Q | really only have, like, 10,
15 mnutes worth of questions left. So if
you can hang on for a few nore m nutes, we
can just wap this up and you can be free
to eat and not worry about com ng back.

A In that case, let's continue.
DR MOULDER: Do you want to
take a quick break then?
MR, STANFORD: Let's take a
qui ck bat hr oom br eak.
(Wher eupon, a short recess was
t aken.)
(Wher eupon, Deenoo Reference
was marked as Lo [Exhibit 6 for
identification as of this date by the
Reporter.)
BY MR STANFORD:

Q Ckay, Dr. Lo, do you see that |
dropped what's now Exhibit 6 into the chat?

A Yes.

Q Wi ch is knew t he Deenoo
reference. Again, for the record it's U S
Pat ent application publication nunber

2016- 0021581.
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Dr. Lo, I'd just like to talk
about this reference for a few m nutes.
A Ckay.
Q And I'Il let you get out of
here and get sone | unch.
Let's see, if you junp to
par agr aph 208 of Deenoo. Let nme know when
you get there.
A Ckay.
Q Par agraph 208 starts out with

the phrase "normal case: Reordering

algorithm" Do you see that?
A Yes.
Q And then it |ays out what

appears to be sort of a nunbered sequence
goi ng from paragraph 208 through to
paragraph 210. Do you see that?

A Yes.

Q What is your understanding of a
reordering algorithmdescribed in Deenoo?

A | think | describe that in the
decl arati on.

Q So --

A I f you go to ny declaration,
par agraph 203, 204 and 205, basically
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Deenoo address the sane problemas in '573
and provide essentially the sane nethod, or
same solution. You have the algorithm vyou
have the tiner and address the out-of-order
pr obl em

Q Thank you. The reason | ask
is, and maybe | mssed it, the reason | ask
Is | don't see the phrase "reordering
al gorithnt in those paragraphs you just
cited. That's why |I'm asking. Wat's your
under st andi ng of what the reordering
algorithmis in Deenoo?

A What | heard from your
guestion, you nean -- you're saying | did
not quote reordering algorithmin ny
decl arati on?

Q | just didn't see it, so |I'm
j ust asking you generally. You don't have
to read anything fromyour declaration. |If
you could just generally explain to ne
what's the reordering algorithmdescri bed
i n Deenoo?

A Actually, in ny declaration I
did tal k about the reordering algorithm

Par agraph 228. "Additionally, Deenoo
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di scl oses reordering algorithmin the PDCP
of the UE utilizing a reordering tiner."

In a sense it's the steps how
to address -- step-by-step how to address
the mssing PDU or SDU, if there's any.

And that's how you deal with it. |'mnot
sure what you're trying to -- what specific
you are asking.

Q That's all. [I'mjust asking at
a broad level what is it. |If | can just
foll ow up, your explanation is that the
reordering algorithmis a series of steps
that | guess in this case the device would
take or the entity would take when it
di scovers a mssing PDU, is that correct?

A. Yes, when a m ssing PDU and
stop tinmer. And when the tinmer expire you
go to next step. So that is basically what
it is.

Q That's great. You antici pated
nmy next question which was going to be
about the tinmer.

So the algorithmhere in
par agraphs 208 t hrough 210 of Deenoo

di scusses this reordering tinmer and
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different -- basically what's new in
different scenarios, whether or not the
timer is running, whether or not it's
expired. But what | don't see in here is

I nformati on about how you set the |ength of
the timer, so if you could help ne out.
What does Deenoo expl ain how you set the

| ength of the reordering tiner?

A Wel |, okay, the algorithm here
operate at the user equipnent. So that's
the nobile station. Wen you tal k about
setting the tinmer, how |l ong and how to
calculate the tine, that operation is at
the network itself.

So the algorithmhere basically
Is for the user equipnent. So that's why

you don't see the tiner setting here.

Q This algorithmis for the UE
correct?

A Correct.

Q And how does Deenoo descri be

receiving the value of the tiner?
A I n Deenoo it tal ks about
sending the information. So basically, it

says the sanme thing. Wen the base station
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I's sending information, you can interpret
that the user equi pnent receive the
information. So in Deenoo it does talk
about sending the RRC configuration to the
UE. So | actually talk about that in the
decl aration in paragraph 227. "In Deenoo
it describes the macro cell may send an RRC
connection reconfiguration to the UE with
the macro and/or the small cel
configuration. Additionally, macro eNB may
configure the neasurenent

par aneters/events/triggers for the UE in an
RRC connected node."

So that basically describes the
transm ssion of configuration to the UE by
t he base station.

Q Looki ng at paragraph 227 of
your declaration, the part that you just
read of f, the neasurenent
par anet ers/events/triggers, that quoted
phrase from Deenoo is what you're relying
on as the network providing the val ue of
the timer to the UE, correct?

DR. MOULDER: (Qnjection; form

A No, actually both. The first
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sentence describes -- Deenoo states that
the macro cell may send an RRC connection
configuration to the UE. So the RRC
connection configuration basically consists
of the control information regarding the
setup of the connection configuration. So
contains all the paraneters or infornmation
el ements in the configuration nessage.

Q In your opinion it would
I nclude the value of the tinmer that the
net wor k has cal cul at ed.

A Yes.

Q And to cone to that concl usion
you're relying on the quoted statenent in
par agr aph 227 of your declaration, correct?

DR. MOULDER: Qnjection; form

A |'"'mjust -- probably even have
nore in the declaration saying -- it's not
just these two quotations. | couldn't find

It. OCkay, yeah, essentially these two
statenents by Deenoo basically have all the
i nformations for a POSITA to go on and set
up the timer information.

Q Thank you for confirm ng.

That's all the questions | have
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for you today. | really appreciate your
tinme.
A Thank you.
MR, STANFORD: Chris, do you
have any?
DR. MOULDER | don't have any
guesti ons.
(Wher eupon, at 4:23 p.m the
exam nation of this wtness was

concl uded.)
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DECLARATI ON

| hereby certify that having been
first duly sworn to testify to the truth, |

gave the above testinony.

| FURTHER CERTI FY that the foregoing
transcript is a true and correct transcri pt
of the testinony given by ne at the tine

and pl ace specified hereinbefore.

TI TUS LO, Ph.D.

Subscri bed and sworn to before ne

this  day of 20

NOTARY PUBLI C
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Titus Lo, Ph.D.
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CERTI FI CATE

STATE OF NEW YORK )
COUNTY OF DELAWARE >S )

I, SUZANNE PASTOR, a Notary Public
for and within the State of New York, do
hereby certify:

That the witness whose examination is
her ei nbefore set forth was duly sworn and
that such exam nation is a true record of
the testinony given by that w tness.

| further certify that | am not
related to any of the parties to this
action by blood or by marriage and that |
amin no way interested in the outcone of
this matter.

I N WTNESS WHEREOF, | have hereunto

set ny hand this day, January 2, 2026.

cuzannt. o on_
SUZANNE PASTOR
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0001

T. Lo
Titus Lo, Ph.D. 12/18/2025
13312 SE 439 ST Telephone: (425) 442 3288
Bellevue, WA 98006 Email: tlo@solutti.com
L ]
SUMMARY

Dr. Lo is an independent consultant specializing in wireless communications, with over 30
years of experience in telecommunications, satellite communications, and wireless
technologies. His expertise spans antennas, RF, modulation/coding, radio protocols, and
wireless standards, including 3G, 4G, 5G, and 802.11. Throughout his career, he has
worked across various sectors such as intellectual property development, R&D, product
development, network deployment, and design services, providing him with a
comprehensive understanding of the telecommunications and wireless industry
ecosystem.

Dr. Lo is a pioneer in smart antenna technology for wireless and satellite communications.
He co-authored "Digital Beamforming in Wireless Communications," the first technical
reference book on smart antennas, published by Artech House in 1996. He holds over
180 US and foreign patents in wireless communications and has published more than 80
technical papers in international journals and conferences. He frequently presented and
lectured at industry and professional venues on topics related to antennas, RF, and
wireless communications, providing numerous lectures to technical and industrial
communities.

Before his current role, Dr. Lo worked in several startups, focusing on the research and
development of OFDM/OFDMA technologies and products, including 3GPP LTE/LTE-A
and IEEE 802.11. Prior to his startup ventures, he was at AT&T Wireless, where he led a
cross-division team in developing key technologies for the world's first carrier-grade and
commercially deployed OFDMA wireless system. He also served as a project/program
manager at the Communications Research Laboratory, McMaster University, leading a
team of 20 research engineers, scientists, and graduate students in R&D of wireless and
satellite communications technologies.

Dr. Lo earned his B.A.Sc. from the University of British Columbia, Vancouver, Canada,
and his M.Eng. and Ph.D. degrees from McMaster University, Hamilton, Ontario, Canada,
all in electrical engineering. He was an affiliated professor at the University of
Washington, Seattle, WA, from 2008 to 2012. He has held various leadership positions
within the Institute of Electrical and Electronics Engineers (IEEE) and is a senior IEEE
member and a member of the IEEE Eta Kappa Nu Honor Society.

EDUCATION

Ph.D., Department of Electrical and Computer Engineering, McMaster University, Hamilton, Ontario,
Canada

M.Eng., Department of Electrical and Computer Engineering, McMaster University, Hamilton,
Ontario, Canada

B.A.Sc., Department of Electrical Engineering, the University of British Columbia, Vancouver, British
Columbia, Canada
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EMPLOYMENT HISTORY

Jan. 2014 —
present

Responsibility:

Jan. 2005 —
Dec. 2013

Responsibility:

Dec. 2003 —
Dec. 2005

Responsibility:

Mar. 2001 —
Aug. 2003

Responsibility:

Apr. 1997 —
Mar. 2001

Responsibility:

July 1988 —

Freelance Wireless Technology Consultant, Bellevue, Washington

Providing consulting services to clients in various industries in the following
aspects:

e Analysis, evaluation, and legal procedure support of wireless-technology IP
portfolios

e Analysis and evaluation of technology markets and industry ecosystems

VP of Technology and Operations, Neocific, Inc., Bellevue, Washington

Managing development and maintenance of intellectual property portfolio
Providing consulting services to clients with analysis and evaluation of
wireless-technology IP portfolios
Managing and mentoring a team of engineers in the design and development
of advanced wireless technologies:

e Technology research and development

e Engineering management
Directing company’s daily operations and business development

VP of Engineering and Operations, Waltical Solutions, Inc., Bellevue,
Washington
Managing engineering teams at different sites in the design and development
of broadband wireless and wire communication systems:

e Product development

e Technology development

e Engineering management
Directing company’s daily operations and business development

Principal Member of Technical Staff, Nextcomm, Inc., Bellevue, Washington

Leading in R&D of WLAN technologies and products and providing support
and supervision to a team of engineers:

e The development of baseband signal processor for /EEE 802.11a/g wireless
local area networks (WLAN): from conceptual design to fixed-point model to
FPGA prototype realization.

e The system architecture of the IEEE 802.11a/g baseband signal processor:
from radio front end to interface with MAC

Leading in intellectual property development:
e Internal R&D projects to develop enabling technologies
e Participation and contribution in [EEE802.11

Principal Member of Technical Staff, AT&T Wireless, Redmond, Washington

Leading a cross-division team of researchers and engineers from AT&T Labs-
Research and AT&T Wireless technology development and business units in
R&D of key technologies for the world’s first carrier-grade and commercially
deployed OFDMA wireless system

Project/Program Manager and Senior

2

Research Engineer, the
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June 1997 Communications Research Laboratory, McMaster University, Hamilton,

Ontario, Canada

Responsibility: Managing industrial and governmental R&D contracts as well as academic

research programs; leading a cross-discipline team of engineers, scientists and
scholars to carry out independent studies, analysis, interpretations,
conclusions and recommendations on various engineering projects

Jan. 1990 — Principal Consultant, TL Associates, Hamilton, Ontario, Canada
March 1997
Responsibility: Providing consulting services to both industrial companies and governmental

agencies, including Canadian Space Agency and Department of National
Defense, in the areas of smart antenna technology and signal processing
techniques

MEMBERSHIP AND PROFESSIONAL ACTIVITIES (selected list)
Current:

Senior Member of the Institute of Electrical and Electronics Engineers (IEEE)
Member of IEEE Eta Kappa Nu Honor Society

Vice Chair of IEEE Seattle Communications Joint Chapter from 2019
Committee member of IEEE Connect the Unconnected (CTU) Competition

Finance chair and Treasurer of the IEEE Global Humanitarian Technology Conference from
2019 to 2022.

Co-Chair of Entrepreneurship and Innovation Forum in the IEEE Future Network World
Forum from 2018 to 2022

Startup subcommittee chair of the Industry Outreach Board of the IEEE Communications
Society since 2017

Technical program coordinator for the IEEE Seattle 5G Workshop 2019

Chair of IEEE Seattle Joint Chapter of Communications Society, Vehicular Technology
Society, Broadcast Technology Society, Information Theory Society, and Intelligent
Transportation Systems Society from 2011 to 2018

Treasurer of IEEE Seattle Section in 2017 and 2018

Audit Committee of IEEE Seattle Section from 2014 to 2018

General co-Chair of IEEE 5G Summit Seattle 2016

Award Committee of IEEE Seattle Section in 2015

Organization committee 2013 IEEE Seattle Metro Area Workshop “Vision of the Future”
Technical publication referee for IEEE transactions and Journals

Technical publication referee for IEE proceedings

Participant and contributor in the IEEE 802.11 and IEEE802.16 Standard Work Groups
Short Course Committee Chair, IEEE Northcon’98

Research grant referee for Natural Science and Engineering Research Council (NSERC) of
Canada

PUBLICATIONS (selected list)

A.
1.

BOOKS

Henry Leung and Titus Lo, "Array signal processing using radial-basis function neural
network," in S. Haykin, Editor, Advances in Spectrum Analysis and Array Processing: Volume
111, Prentice-Hall, 1995.
3
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10.

11.

12.

13.

14,

15.

John Litva and Titus Lo, Digital Beamforming in Wireless Communications, Artech House,
1996.
John Litva, Anupreet Sandhu, Keizo Cho, and Titus Lo, “Adaptive Beamforming in Wireless
Communications” in T. Rappaport, B. Woerner, J. Reed, W. Tranter, Editors, Wireless
Personal Communications: The Evolution of Personal Communications Systems, Springer,
1996.

PATENTS

Vahid Tarokh and Titus Lo, “Near-optimal low complexity decoding of space-time codes for
fixed wireless applications,” US6,188,736, US6,470,043, US6,741,635, US7,046,737,
US7,526,040, US8,179,991

Titus Lo, Dennis Rosenauer, and Doug Stolarz, “Method for combining communication
beams in a wireless communication system,” US6,377,783, US6,987,958

Titus Lo and Vafa Ghazi, “Method for error compensation in an OFDM system with diversity,”
US6,442,222, US6,901,125, US7,428,285, US8,223,903, US8,532,239

Titus Lo, “Maximum ratio transmission,” US6,459,740, US6,826,236, US7,274,752,
US7,362,823, US7,609,771, US8,520,746

Titus Lo, Adnan Abu-Dayya, and Mike Hirano, "Multicarrier transmission using polarized
antennae," PCT/US2001/018993

Titus Lo and Ruifeng Wang, "Turbo channel estimation for OFDM systems", US6,940,914,
US7,440,507, US7,656,958, US8,503,548, US8,681,887, US9,148,326

Titus Lo, “Adaptive communications system and method,” US7,181,246

Xiaodong Li, Titus Lo, Kemin Li, Haiming Huang, “Methods and apparatus for multi-carrier
communication systems with adaptive transmission and feedback,” US7,693,032,
US8,027,367, US9,301,296, US10,075,941, US10,834,706, US11,032,801,
US11,496,259, US11,522,650, US11,683,136, US12,003,439, CN200580004761.3,
KR10-0804651

Xiaodong Li, Titus Lo, Kemin Li, Haiming Huang, “Methods and Apparatus for Multi-Carrier
Communications with Variable Channel Bandwidth,” US7,787,431, US8,953,641,
US10,511,417, US11,082,172

Xiaodong Li, Titus Lo, Kemin Li, Haiming Huang, “Methods and apparatus for overlaying
multi-carrier and direct-sequence spread spectrum signals in a broadband wireless
communication system,” US7,864,725, EP1712019B1, EP2723003, EP3208985B1,
CN200580003185.0, CN201010576020.5, KR10-0818774

Xiaodong Li, Haiming Huang, Titus Lo, Ruifeng Wang, “Method and apparatus for multi-
carrier packet communication with reduced overhead,” US7,948,944, US8,634,376,
US8,693,430, US9,042,337, US9,735,944, US10,447,450, US10,958,398, US11,329,785,
US11,424,891, US11,424,892, US11,628,114, US11,722,279, US11,924,137,
US11,924,138, CN200680009811.1, CN201210111079.6

Xiaodong Li and Titus Lo, “Frequency correction in multi-carrier communication systems,”
US7,957,341, US8,526,411, US9,326,262, US10,045,319, US10,681,662, US11363554
Xiaodong Li, Kemin Li, Titus Lo, Hamining Huang, “Methods and apparatus for random
access in multi-carrier communication systems,” US7,995,967, US8,467,366, US9,565,700,
US10,390,369, US11,502,888, CN200580007552.4, KR10-804667

Xiaodong Li, Titus Lo, Kemin Li, and Haiming Huang, “Methods and apparatus for multi-
carrier, multi-cell wireless communication networks,” EP1712089B1, CN200580001222 .4,
CN201010154096.9, KR10-808462

Xiaodong Li, Titus Lo, Kemin Li, and Haiming Huang, “Methods and apparatus using cell-
specific and common pilot subcarriers in multi-carrier, multi-cell wireless communication
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16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

2

~

28.

29.

30.

31.

32.

33.

34

networks,” US8,009,660, US8,934,473, US9,065,614, US9,749,168, US11,324,049,
US11,388,034

Xiaodong Li, Titus Lo, Kemin Li, Haiming Huang, “Methods and apparatus for communication
systems with time-division duplexing,” US8,014,264, CN200580013366.1

Xiaodong Li, Kemin Li, Titus Lo, Haiming Huang, Jun Meng, “Methods and apparatus for
power control in multi-carrier wireless systems,” US8,031,686

Titus Lo and Xiaodong Li, “Methods and apparatus for multiple-antenna systems in cellular
communication and broadcasting,” US8,041,395, US8,116,822, US8,326,366,
US9,048,540, CN200680016367.6

Haiming Huang, Xiaodong Li, Titus Lo, Kemin Li, “Methods and apparatus for cellular
broadcasting and communication system,” US8,089,911, US8,374,115, US8,634,375,
US10,044,517, US10,862,696, US10,931,491, US10,862,696, US10,931,469,
CN200680000320.0, CN201210195003.6

Xiaodong Li, Titus Lo, Kemin Li, Haiming Huang, “Methods and apparatus for signal
transmission and reception in a broadband communication system,” US8,094,611,
US8,428,009, US8,767,522

Haiming Huang, Xiaodong Li, Titus Lo, Kemin Li, “Methods and apparatus for a power
efficient broadcasting and communication system,” USS8,155,098, US8,457,081,
US8,934,394, US9,780,959, US20200259676, CN200680000425.6, CN201010557763.8
Xiaodong Li, Titus Lo, Kemin Li, and Haiming Huang, “Method, apparatus, and system for
mitigating pilot signal degradation by employing cell-specific pilot subcarrier and common
pilot subcarrier techniques in a multi-carrier cellular network,” US8,432,891

Titus Lo and Xiaodong Li, “Methods and apparatus for flexible use of frequency bands,”
US8,547,884, US9,363,066, US9,839,037, US11,310,795, US11,510,201, US11,483,832,
US11,510,201, US11,510,202, US11,985,646

Titus Lo and Xiaodong Li, “Multiple receivers in an OFDM/OFDMA communication system,”
US8,548,086, US9,025,650, US9,882,759

Titus Lo and Xiaodong Li, “Methods and apparatus for multi-carrier communications with
efficient control signaling,” US8,565,181, US9,843,468

Xiaodong Li, Haiming Huang, Titus Lo, Kemin Li, “Methods for multi-carrier communication
systems with Automatic Repeat Request (ARQ),” KR10-818243

. Xiaodong Li, Haiming Huang, Titus Lo, Kemin Li, “Methods and apparatus for multi-carrier
communication systems with ARQ,” US8,571,057, US9,083,500, US9,509,451,
US10,313,061, US10,659,197 CN201210020099.2, KR10-818771

Xiaodong Li, Kemin Li, Titus Lo, Haiming Huang, Jun Meng, “Method and apparatus for
interference control in a multi-cell communication system,” US8,675,563, US9,755,809
Xiaodong Li and Titus Lo, “Transmission of synchronization and control signals in a
broadband wireless system,” US8,705,399, US9,014,128, US9,781,730

Xiaodong Li, Titus Lo, Kemin Li, Haiming Huang, “Methods and apparatus for subframe
configuration and generation in a multi-carrier communication system,” US8,724,443,
US9,198,179, US9,750,012, US10,368,347, US10,841,919, US10,959,221, US11,503,588
Xiaodong Li and Titus Lo, “Methods and systems for correlated information services,”
PCT/US2007/084174

Xiaodong Li and Titus Lo, “Multi-carrier modulation with hierarchical resource allocation,”
US9,036,573, US9,730,205

Titus Lo and Xiaodong Li, “Methods and apparatus for contingency communications,”
US9,275,540, US9,773,406, US10,325,483, US11,049,384, US11,501,632, US11,941,971,
EP2813063B1

. Titus Lo and Xiaodong Li, “Multiple-antenna system for cell-specific and user-specific
transmission,” US9,344,313, US10,149,173, US10,567,976, US11,197,172, US11,825,314
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35. Xiaodong Li and Titus Lo, “Methods and apparatus for signal conditioning in OFDMA
systems,” US9,363,123

36. Xiaodong Li, Titus Lo, Kemin Li, and Haiming Huang, “Channel probing signal for a
broadband communication system” US9,948,488, US10,771,302, US10,826,740,
US10,833,908, US11,368,347, US11,804,870

37. Xiaodong Li, Titus Lo, Kemin Li, and Haiming Huang, “Differential randomization of cell-
specific and common pilot subcarriers in multi-carrier, multi-cell wireless communication
networks” US10,326,631, US10,965,512

38. Xiaodong Li, Haiming Huang, Titus Lo, Kemin Li, “Methods and apparatus for multi-carrier
communication systems with automatic repeat request (ARQ),” US11,265,113

39. Haiming Huang, Xiaodong Li, Titus Lo, Kemin Li, “Method and apparatus for periodic and
polled channel quality feedback,” US11,115,229

40. Haiming Huang, Xiaodong Li, Titus Lo, Kemin Li, “Broadcast signal indicating one or more
subframe configurations,” US11,296,900, US11,658,838

41. Haiming Huang, Xiaodong Li, Titus Lo, Kemin Li, “Method and apparatus for receiving
broadcast information in an ofdm communication system” US11,979,248

42. Haiming Huang, Xiaodong Li, Titus Lo, Kemin Li, “Bitmap based resource scheduling in a
wireless network,” US11,283,640

REFEREED JOURNAL PAPERS

1. Titus Lo and John Litva, "Adaptive beam-space nulling of multipath signals," IEEE
Transactions on Antenna and Propagation, vol. 37, no. 1, Jan.1990.

2. Titus Lo, Henry Leung, and John Litva, "Non-linear beamforming," Electronics Letters, vol.
27, no. 4, Feb. 1991.

3. Titus Lo, Tim Wong, and John Litva, "A new technique for low-angle radar tracking,"
Electronics Letters, vol. 27, no. 6, March 1991.

4. Titus Lo and John Litva, "Use of a highly deterministic multipath signal model in low-angle
tracking," IEE Proceedings Part F, vol. 138, no. 2, Apr. 1991.

5. Titus Lo and John Litva, "Low-angle tracking using a multi-frequency sampled aperture radar:
An experimental investigation," IEEE Transactions on Aerospace and Electronic Systems,
vol. 27, no. 5, Sept. 1991.

6. Titus Lo and John Litva, "Angles of arrival of indoor multipath," Electronics Letters, vol. 28,
no. 18, Aug. 1992.

7. Ji Chen, Titus Lo, and John Litva, "Scattering of electromagnetic waves from a time-varying
fractal surface," Microwave and Optical Technology Letters, vol. 6, no. 1, Jan 1993.

8. Henry Leung, Titus Lo, and John Litva, "Angle-of-arrival estimation in multipath environment
using chaos theory," Signal Processing, 31 (1993) pp. 57-68.

9. Titus Lo, John Litva, and Henry Leung, "Estimating the impulse response of indoor radio
channels using signal subspace techniques," IEE Proceedings Part I, vol. 140, no. 3, June
1993.

10. Henry Leung and Titus Lo, "Chaotic signal processing over the sea," IEEE Journal Oceanic
Eng., vol. 18, no.3, July 1993.

11. Titus Lo, Henry Leung, John Litva, and Simon Haykin, "Fractal characterization of sea
scattered signals," IEE Proceedings Part F, vol.140, no. 4, Aug. 1993. (The authors of this
paper won the 1993/1994 Mountbatten Premium awarded by the Institute of Electrical
Engineers, London, England.)

12. Tim Wong, Titus Lo, Henry Leung, John Litva, and Eloi Bosse, "Low angle target tracking
using radial basis function neural networks," |[EE Proceedings Part F, vol.140, no. 5, Aug.
1993.
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13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.
31.

Henry Leung, Titus Lo, and John Litva, "Nonlinear Adaptive Signal Processing Based on
Rational Function," Signal Processing, 38 (1994), pp. 153-168.

Titus Lo, Henry Leung, and John Litva, "Radial basis function neural network for direction-of-
arrivals estimation," IEEE Signal Processing Letters, vol. 1, no. 2, Feb. 1994.

Fengzhen Wang, Titus Lo, John Litva, and William Read, "VHF antenna array processing:
High accuracy direction finding and performance evaluation with real data," /IEE Proceedings
- Radar, Sonar, Navig., vol. 141, no. 3, June 1994,

Titus Lo, Henry Leung, and John Litva, "Low-angle radar tracking in a naval environment
using for-ward-backward nonlinear prediction method," /EEE Journal Oceanic Eng. vol. 19
no. 3, July 1994.

Ji Chen, Chen Wu, Titus Lo, Keli Wu, and John Litva, "Using linear and nonlinear predictors
to improve the computational efficiency of FD-TD algorithm," /EEE Transactions on
Microwave Theory and Tech., vol. 42, no. 10, Oct. 1994.

Titus Lo, John Litva, and Henry Leung, "A new approach for estimating indoor radio
propagation characteristics," IEEE Transactions on Antenna and Propagation, vol. 42, no. 10,
Oct. 1994.

Titus Lo, Henry Leung, and John Litva, "Artificial neural network for AOA estimation in a
multipath environment over the sea," IEEE Journal Oceanic Eng., vol. 19 no. 4, Oct. 1994.
Henry Leung and Titus Lo, "A spatial temporal dynamical model for sea scattered signals,"
IEEE Transactions on Geoscience and Remote Sensing, vol. 33, no.2, March 1995.
Fengzhen Wang, Titus Lo, John Litva, and Wiliam Read, "Performance of DF techniques
with a real VHF array," IEEE Transactions on Aerospace and Electronic Systems, vol. 31, no.
2, April 1995.

Ji Chen, Henry Leung, Titus Lo, John Litva, and Matin Blachette, "A modified probabilistic
data association filter in real clutter," IEEE Transactions on Aerospace and Electronic
Systems, vol. 32, no. 1, Jan. 1996.

Fengzhen Wang, John Litva, Titus Lo, Eloi Bosse, and Henry Leung, "Feature-mapping data
fusion," IEE Proceedings - Radar, Sonar and Navigation, vol. 143, no.1 Feb. 1996.

Fengzhen Wang, John Litva, Titus Lo, and Eloi Bosse, "Performance of neural data
association," IEE Proceedings - Radar, Sonar and Navigation, vol. 143, no.1 Feb. 1996.

Ji Chen, Titus Lo, Henry Leung, and John Litva, "The use of fractal for modeling EM waves
scattering from rough sea surface," IEEE Transactions on Geoscience and Remote Sensing,
vol. 34, no. 4, July 1996.

Ying Zhang, Henry Leung, Titus Lo, and John Litva, "A distributed sequential nearest
neighbor multitarget tracking algorithm," /EE Proceedings - Radar, Sonar and Navigation, vol.
143, no. 4, Aug. 1996.

Shiping He, Titus Lo, and John Litva, “A spread spectrum system with a time domain
processing device,” IEEE Transactions on Circuits and Systems II: Analog and Digital Signal
Processing, Special Issue on Low Power Wireless Communications, vol. 44, no. 6, June
1997.

Ying Zhang, Henry Leung, Martin Blanchette, Titus Lo, and John Litva, “An efficient
decentralized multiradar multitarget tracker for air surveillance,” IEEE Transactions on
Aerospace and Electronic Systems, vol. 33, no. 4, Oct. 1997.

Vahid Tarokh and Titus Lo, “Principal ratio combining for fixed wireless applications when
transmitter diversity is employed,” IEEE Comm. Letters, vol. 2, no. 8, Aug. 1998.

Titus Lo, “Maximum Ratio Transmission”, IEEE Trans. Commun., vol. 47, no. 10, Oct. 1999.

Henry Leung, Titus Lo, and Sichun Wang, “Prediction of Noisy Chaotic time series using an
optimal radial basis function neural network,” IEEE Trans. Neural Networks, vol. 12, no. 5,
Sept. 2001.
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32. Titus Lo, “Adaptive space-time transmission with side information,” /EEE Trans. Wireless
Communications, Vol. 3, no. 5, Sept. 2004.

D. REFEREED CONFERENCE/SYMPOSIUM PRESENTATIONS

1. Titus Lo and John Litva, “Adaptive beam-space nulling of multipath signals,” IEEE AP-S
International Symposium, June 1988

2. Titus Lo, Jian Wang, and John Litva, “An optimization approach to pattern synthesis in the
design of microstrip phased array antenna,” IEEE AP-S International Symposium, June 1989.

3. Titus Lo and John Litva, “Early results of multipath measurements on Lake Ontario,” IEEE
AP-S International Symposium, June 1989.

4. Titus Lo, Larry Lai, and John Litva, “Multipath propagation effects on low-angle radar
tracking: An experimental evaluation,” IEEE AP-S International Symposium, May 1990.

5. John Litva, Titus Lo and Tim Wong, “A new technique for low-angle radar tracking”, Proc
IEEE Pacific Rim Conf. on Communications, Computers and Signal Processing, Victoria B.
C., May 9-10, 1991 (invited).

6. Titus Lo and John Litva, “Characteristics of diffuse forward-scattering signals,” Proc. |IEEE
IGARSS'91, Espoo, Finland, June 1991.

7. Titus Lo, John Litva, and Robert J. C. Bultitude, “High-resolution spectral analysis techniques
for estimating the impulse of indoor radio channels,” 1992 IEEE International Conference on
Selected Topics in Wireless Communications, Vancouver, B. C., June 25-26, 1992.

8. John Litva, Titus Lo and Shen Ying, “Combining electromagnetic and digital signal
processing: Moving towards the intelligent antenna,” Symposium on Antenna Technology
and Applied Electromagnetics, Winnipeg, MN, Aug. 5-7, 1992.

9. Titus Lo, John Litva, and Henry Leung, “Determination of optimal network structure by
canonical subspace analysis,” Spie's International Symposium on Optical Engineering and
Photonics in Aerospace and Remote Sensing, April 1993.

10. Ji Chen, Titus Lo, Henry Leung, John Litva, Albert Bridgewater, and Matin Blanchette, “A
study of track initiation and the modified probabilistic data association filter for multiple target
tracking using real data,” Proc IEEE Pacific Rim Conf. on Communications, Computers and
Signal Processing, Victoria B. C., May 9-10, 1993.

11. Ji Chen, Titus Lo, and John Litva, “Time-varying fractal surface Scattering,” Progress In
Electromagnetic Research Symposium, JPL, Pasadena, CA., July 1993.

12. Fengzhen Wang, Titus Lo, and John Litva, “Performance analysis of broadband adaptive
digital beamforming,” IEEE AP-S International Symposium, June 1993.

13. Fengzhen Wang, Titus Lo, John Litva, and William Read, “Spatio-temporal Approach for real
data with multipath propagation,” 1993 Canadian Conference on Electrical and Computer
Engineering, Vancouver, B.C., Sept. 1993.

14. Fengzhen Wang, John Litva, and Titus Lo, “Performance of broadband adaptive digital
beamforming in communications,” 23rd European Microwave Conference, Madrid, Spain,
Sept. 1993.

15. Fengzhen Wang, Titus Lo, John Litva, and William Read, “VHF sensor array real data
processing techniques for direction finding,” The international Conference on Signal
Processing Applications & Technology'93, Santa Clara, CA, Sept. 1993.

16. Titus Lo, Henry Leung, W. Bridgewater, and John Litva, “Multitarget tracking initiation using a
modified Hough transform,” NATO Advisory Group for Aerospace Research & Development
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I, Titus Lo, do hereby declare as follows:

I. INTRODUCTION

1. My name is Titus Lo, and I have been retained by counsel for Petitioner
OnePlus Technology (Shenzhen) Co., Ltd. (“Petitioner”) as a consultant to provide
my opinion regarding certain prior art references and U.S. Patent No. 10,863,573
(the “’573 Patent”).

2. I make this declaration based upon my own personal knowledge and, if
called upon to testify, would testify competently to the matters stated herein.

3. I have been asked to provide my expert opinion connection with the
Inter Partes Review of the ’573 Patent to Jung et al. concerning whether it is
unpatentable over certain prior art. This declaration is a statement of my opinions on
issues relating to the patentability of claims 1-5 and 8-12 (the “Challenged Claims™)
of the ’573 Patent. As I explain more fully below, it is my opinion that all of the
Challenged Claims would have been obvious to a person of ordinary skill in the art
(“POSITA”) at the time of the alleged invention.

4. [ am being compensated for my work in this matter at my standard
hourly rate. I am also being reimbursed for reasonable and customary expenses
associated with my work and testimony in this investigation. My compensation is
not contingent on the outcome of this matter or the specifics of my testimony.

5. I have reviewed and considered the following documents in connection
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with my analysis of the 573 Patent:

e EXI1001: U.S. Patent No. 10,863,573 (*“’573 Patent” or “’573Pat.”)

EX1002: File History of the 573 Patent (“’573FH”)

EX1005: U.S. Patent Application
(“Koskinen™)

EX1006: U.S. Patent Application
(“Sammour”)

EX1007: U.S. Patent Application
(“Deenoo”)

EX1008: U.S. Patent Application

(Koskinen281)

Publication No. 2014/0301362

Publication No. 2009/0149189

Publication No. 2016/0021581

Publication No. 2014/0301281

EX1011: 3GPP TS 36.323 v.11.2.0 (2013-03) (Packet Data

Convergence Protocol (PDCP) specification)

EX1012: 3GPP TS 36.300 v.11.5.0 (2013-03) (E-UTRAN overall

description)

EX1013: 3GPP TS 36.322 v.11.0.0 (2012-09) (Radio Link Control

(RLC) protocol specification)

EX1014: 3GPP TS 36.331 v.11.3.0 (2013-03) (Radio Resource Control

(RRC); Protocol specification)

EX1017: Tdoc R2-130324 (3GPP TSG RAN WG2 #81, St. Julian’s,
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Malta, 28" January — 1% February, 2013) Source: NTT DOCOMO,
INC., Discussion on U-plane architecture for dual connectivity

e EXI1018: Tdoc R2-131327 (3GPP TSG-RAN WG@G2 #81bis, Chicago,
USA, April 15-19, 2013) Source: InterDigital Communications, User
Plane Architecture for Dual Connectivity

e EXI1019: Tdoc R2-131621 (3GPP TSG RAN WG2 Meeting #82,
Fukuoka, Japan, 20 - 24 May 2013) Source: Nokia Siemens Networks
(Rapporteur)

e EXI1020: https://www.3gpp.org/about-us/, “About 3GPP — The 3"
Generation Partnership Project (3GPP)”

e EXI1021: https://www.3gpp.org/about-us/introducing-3gpp,
“Introducing 3GPP”

o EX1022:https://web.archive.org/web/20130127165723/http://isearch.
3gpp.org/isysadvsearch.html, http://isearch.3gpp.org/isysadvsearch.ht
ml,” Document Search 3GPP)

o EX1023:https://web.archive.org/web/20250000000000*/http://isearch
3gpp.org/isysadvsearch.html, (Document Search 3GPP page not
archived after 10/4/2022)

o EX1024: (“3GPP documents are public and can be accessed via the

3GPP web site”) available at
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https://web.archive.org/web/20070219081417/http://tools.ietf.org/htm
1/rfc3314

o EX1025: https://www.3gpp.org/about-us/3gpp-fags, (“3GPP FAQ’s”)

o EX1026:https://www.3gpp.org/ftp/tsg ran/WG2_ RL2/TSGR2_81bis/
Docs, (Directory listing screen capture for R2-131327)

e EX1027: 3GPP TS 36.104 v.11.4.0 (2013-03) (Evolved Universal
Terrestrial Radio Access (E-UTRA); Base Station (BS) radio
transmission and reception)

e EX1028: 3GPP TS 36.101 v.11.4.0 (2013-03) (Evolved Universal
Terrestrial Radio Access (E-UTRA); User Equipment (UE) radio
transmission and reception)

e EX1029: 3GPP TS 36.300 v.12.6.0 (2015-06) (Evolved Universal
Terrestrial Radio Access (E-UTRA) and Evolved Universal Terrestrial
Radio Access Network (E-UTRAN); Overall description)

e EX1030: 3GPP TS 36.323 v.12.4.0 (2015-06) (Evolved Universal
Terrestrial Radio Access (E-UTRA); Packet Data Convergence
Protocol (PDCP) specification)

e EXI1031: https://en.wikipedia.org/wiki/3GPP, (3GPP Wikipedia).

o EX1032: https://www.qualcomm.com/content/dam/qcomm-

martech/dm-assets/documents/ev-do-rev-a-and-b-wireless-broadband-
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for-the-masses-whitepaper.pdf, (EV-DO Rev. A and B: Wireless
Broadband for the Masses)

e EXI1033: https://www.etsi.org/technologies/mobile/3g, (3™ Generation
(UMTYS))

e EX1034: https://www.etsi.org/technologies/mobile/4g, (4" Generation
(LTE))

o EX1035:https://www.qualcomm.com/news/onq/2017/08/understandin
g-3gpp-starting-basics, (Understanding 3GPP — starting with the
basics)

e EX1036: https://www.ericsson.com/en/about-
us/history/company/timeline-placeholder/timeline-2010-4g-arrives,
(2010: 4G arrives)

e EX1037:3GPP TS 36.932 v.12.1.0 (2013-03): Technical Specification
Group Radio Access Network; Scenarios and requirements for small
cell enhancements for E-UTRA and E-UTRAN

e EX1038: 3GPP TS 23.401 v.11.5.0 (2013-03) (General Packet Radio
Service (GPRS) enhancements for Evolved Universal Terrestrial Radio
Access Network (E-UTRAN) access)

e EX1039: 3GPP TS 36.322 v.8.2.0 (2008-05) (Evolved Universal

Terrestrial Radio Access (E-UTRA) Radio Link Control (RLC)
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protocol specification)

e EX1040: 3GPP TS 36.323 v.8.2.1 (2008-05) (Evolved Universal
Terrestrial Radio Access (E-UTRA) Packet Data Convergence Protocol
(PDCP) specification)

6. In forming the opinions expressed below, I have considered:

a) the documents listed above;

b) the relevant legal standards as explained to me by the Petitioner’s
counsel, including the standard for obviousness, and any
additional authoritative documents as cited in the body of this
declaration;

c) my own knowledge and experience based upon my work in the
field of wireless communications as described below; and

d) any other documents not listed above but cited below.

7. I may rely upon these materials, my knowledge and experience, and/or
additional materials to rebut arguments raised by the Patent Owner. Further, [ may
also consider additional documents and information in forming any necessary
opinions, including documents that may not yet have been provided to me.

8. My analysis of the materials produced in this proceeding is ongoing and
I will continue to review any new material as it is provided. This declaration

represents only those opinions I have formed to date. I reserve the right to revise,
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supplement, and/or amend my opinions stated herein based on new information and
on my continuing analysis of the materials already provided.

0. Unless otherwise noted, all emphasis in any quoted material has been

added.

II. QUALIFICATIONS AND PROFESSIONAL EXPERIENCE

10. Iam an expert in the field of telecommunication systems. I have studied,
researched, and practiced in this field for over thirty years. My complete
qualifications and professional experience are described in my Curriculum Vitae, a
copy of which can be found in Exhibit 1004. The following is a brief summary of
my relevant qualifications and professional experience.

11. I earned my Bachelor of Applied Science degree in Electrical
Engineering from the University of British Columbia in Vancouver, British
Columbia, Canada in 1986. I earned my Master of Engineering degree in 1989 and
Doctor of Philosophy (Ph.D.) degree in 1995, both in Electrical Engineering from
McMaster University in Hamilton, Ontario, Canada. My Ph.D. dissertation, entitled
“MLE and RBF for AOA estimation in a Multipath Environment”, is about the
concept and principle for application of artificial intelligence to antenna signal
processing.

12. From 1989 to 1997, I had worked full time, first as a research engineer

and then as a senior research engineer/project manager, at Communications
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Research Laboratory, McMaster University, where I had been involved in numerous
research and development projects related to antenna beamforming technology
applied to mobile communications, satellite communications, and spaceborne radar
systems. It was during this period that, foreseeing the important role of beamforming
technology in future wireless communications, I was able to establish my
international leading position in this field. I co-authored a technical reference book,
entitled Digital Beamforming in Wireless Communications, the first of its kind in
the field, published in 1996 by Artech House. After more than twenty years later, it
is now a well-known fact that antenna beamforming is one of the cornerstone
technologies employed in the 5" generation (5G) wireless communications
networks.

13. It was because of both the importance of antenna beamforming
technology to its wireless business and my exceptional expertise in the field that
AT&T Wireless Services had persuaded me to join its Strategic Technology Group
(STG) in 1997. At AT&T, as part of system design and engineering, I led the
research and development of advanced radio technologies in an orthogonal
frequency division multiplexing (OFDM) system, including antenna array
processing, signal acquisition, synchronization, channel estimation, space-time
coding, and transmission diversity, all of which were the critical elements to

AT&T’s fixed wireless network — the world’s first carrier-grade and commercially
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deployed orthogonal frequency division multiple access (OFDMA) system.

14.  From 2001, I embarked on my startup endeavor in pursuing the
development of advanced technologies to telecommunications. I worked in a number
of startups subsequently. In 2001, I joined NextComm, Inc., a Kirkland, WA based
startup that designed and developed application-specific integrated circuits (ASICs)
for wireless local area network (WLAN) devices, where [ was responsible for system
engineering, including the design, implementation, and test, of IEEE 802.11a
(OFDM-based) and 802.11b (spread spectrum-based) standard (a.k.a. Wi-Fi)
compliant chipsets. During the tenure in NextComm, I participated in and
contributed to the IEEE 802.11 Standard Working Group in the development of
802.11g amendment. In 2003, I served as the vice president of engineering and
operations at Waltical Solutions, Inc., Bellevue, WA, where 1 directed an
engineering team in the design and development of broadband wireless
communications technologies (including 801.16e/WiMax) and systems. In 2006, I
served as the vice president at, Neocific, Inc., a 4G pioneer based at Bellevue, WA,
where [ managed and mentored a team of researchers and engineers in the research
and development of 4th generation (4G) wireless technologies, including key radio
functionalities such as synchronization, random access, inter-cell interference
mitigation, power control, and control signaling. In 2011, I engaged in consulting

services to my clients by providing analysis, evaluation, and due diligence
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investigation of technical aspects of intellectual property portfolios related to various
wireless technologies, including 4G/LTE and IEEE 802.11.

15. Throughout my professional career, I have been granted more than 180
US and foreign patents in the area of wireless communications. I have published
more than 80 technical papers in peer-reviewed international journals (e.g., IEEE
Transactions and IEE Proceedings) and conference proceedings (e.g., IEEE
International Conferences and Spie's International Symposiums). All my works have
been cited by more than 7000 researchers and practitioners in the field over the years.

16. Throughout my career as a wireless technology expert, I have been
privileged to share my knowledge and expertise by presenting and lecturing at a wide
variety of industry and professional venues, as well as engaging with diverse
technical and industrial communities. My work has focused on advancing the
understanding and application of LTE/4G wireless technology, enabling me to
deliver impactful presentations and conduct specialized training sessions for a broad
spectrum of audiences, including:

o Large and Small Corporations: Within the wireless industry, I have
collaborated with organizations of varying sizes, offering tailored insights into
current and future LTE capabilities and features to help them address challenges and
drive innovation.

o The Broader Wireless Community: [ have actively contributed to

10
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professional gatherings such as IEEE workshops and forums, where I have shared
knowledge on emerging trends in wireless communication systems.

o Academic Institutions: Through academic seminars, I have supported
the advancement of wireless technology research and development by connecting
theoretical concepts with practical applications.

17. In addition to these endeavors, I have taken on leadership roles in
organizing numerous global and local summits, conferences, and workshops
centered on 4G/5G technology. These events have served as vital platforms for
facilitating collaboration among industry experts, researchers, policymakers, and
stakeholders.

18. 1 was appointed as an affiliated professor in the Department of
Electrical & Computer Engineering at the University of Washington, Seattle, WA
from 2008 to 2012. I have also served or been serving various leadership positions
in the Institute of Electrical and Electronics Engineers (IEEE). For example, I have
been serving as an organization committee member for IEEE 5G World Forum since
its inception in 2018. I have been a senior IEEE member since 1998 and have been

inducted in to the IEEE Eta Kappa Nu Honor Society in 2019.

III. LEVEL OF ORDINARY SKILL IN THE ART

19. My analysis reflects the views of a person of ordinary skill in the art in

the field of the *573 Patent as of May 10, 2013, which I understand is the alleged

11
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time of invention.

20. I have been advised by the Petitioner’s counsel and understand there
are multiple factors relevant to determining the level of ordinary skill in the pertinent
art, including (1) the levels of education and experience of persons working in the
field at the time of the invention; (2) the sophistication of the technology; (3) the
types of problems encountered in the field; and (4) the prior art solutions to those
problems. I understand that a POSITA is not a specific real individual, but rather is
a hypothetical individual having the qualities reflected by the factors above. |
understand that a POSITA would also have knowledge from the teachings of the
prior art, including the art cited below.

21. Taking these factors into consideration, in my opinion, on or before
May 10, 2013, a POSITA would have been someone knowledgeable and familiar
with design or development of telecommunication and/or wireless communications
systems that are pertinent to the ’573 Patent. That person would have a bachelor’s
degree in electrical engineering, computer engineering, computer science, or a
related field and at least two years of practical experience working in the field of
video processing systems. Lack of work experience can be remedied by additional
education, and vice versa.

22.  AsofMay 10, 2013, I met, and in fact exceeded, the qualifications of a

person of ordinary skill in the art.

12
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23.  Forpurposes of this Declaration, in general, and unless otherwise noted,
my statements and opinions, such as those regarding my experience and the
understanding of a POSITA generally (and specifically related to the references I
consulted herein), reflect the knowledge that existed in the field as of the earliest
proper priority date of the ’573 Patent (i.e., May 10, 2013). Unless otherwise stated,
when I provide my understanding and analysis below, it is consistent with the level

of a POSITA prior to the earliest alleged priority date of the *573 Patent.

IV. RELEVANT LEGAL STANDARDS

24. 1 am not an attorney. In preparing and expressing my opinions and
considering the subject matter of the 573 Patent, I am relying on certain basic legal
principles that counsel have explained to me. These principles are discussed below.

25. 1 understand that for an invention claimed in a patent to be found
patentable, it must be, among other things, new and not obvious in view of what was
known before the invention was made.

26. 1 understand the information that is used to evaluate whether an
invention is new and not obvious is generally referred to as “prior art” and generally
includes patents and printed publications (e.g., books, journal publications, articles
on websites, product manuals, etc.).

27. 1 understand that in this proceeding the Petitioner has the burden of

proving that the claims of the ’573 Patent are anticipated by or obvious in view of

13
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the prior art by a preponderance of the evidence. I understand that “a preponderance
of the evidence” is evidence sufficient to show that a fact is more likely true than it
is not.

28. Tunderstand that prior art to the *573 Patent in this proceeding includes
patents and printed publications in the relevant art that predate the proper priority
date of the alleged invention recited in the *573 Patent.

29. I understand that terms appearing in the patent claims are to be
interpreted according to their “ordinary and customary meaning” in an IPR
proceeding. In determining the ordinary and customary meaning, the words of a
claim are first given their plain meaning as they would have been understood by a
POSITA at the time of the alleged invention, in light of the specification and file
history. I understand that treatises and dictionaries may be consulted, albeit under
limited circumstances, to determine the meaning attributed by a POSITA at the time
of the alleged invention. I have followed this approach in my analysis and have
applied the ordinary and customary meaning of those terms throughout my analysis
in this Declaration.

30. I understand that there are two ways in which prior art may render a
patent claim unpatentable. First, the prior art can be shown to “anticipate” the claim.
Second, the prior art can be shown to have made the claim “obvious” to a person of

ordinary skill in the art. In this declaration I focus on “obviousness.” My
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understanding of the legal standard for “obviousness” is set forth below.

31. I have been informed that a claimed invention is unpatentable as
obvious if the differences between the invention and the prior art are such that the
subject matter as a whole would have been obvious at the time the invention was
made to a person having ordinary skill in the art to which the subject matter pertains.
I have also been informed by counsel that the obviousness analysis takes into
account factual inquiries including the level of ordinary skill in the art, the scope and
content of the prior art, and the differences between the prior art and the claimed
subject matter.

32. Specifically, I understand that the obviousness question requires
consideration of four factors (although not necessarily in the following order):

e The scope and content of the prior art;

e The differences between the prior art and the claims at issue;

e The knowledge of a person of ordinary skill in the pertinent art; and

e Whatever objective factors indicating obviousness or non- obviousness
may be present in any particular case.

33. Thave been informed by counsel that the Supreme Court has recognized
several rationales for combining references or modifying a reference to show
obviousness of claimed subject matter. Some of these rationales include the
following: (a) combining prior art elements according to known methods to yield

15
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predictable results; (b) simple substitution of one known element for another to
obtain predictable results; (c¢) use of a known technique to improve a similar device
(method, or product) in the same way; (d) applying a known technique to a known
device (method, or product) ready for improvement to yield predictable results; (e)
choosing from a finite number of identified, predictable solutions, with a reasonable
expectation of success; and (f) some teaching, suggestion, or motivation in the prior
art that would have led one of ordinary skill to modify the prior art reference or to
combine prior art reference teachings to arrive at the claimed invention. I also
understand that, at least in IPR proceedings, admissions in the patent or in the
prosecution file history of the patent (referred to as Applicant Admitted Prior Art or
“AAPA”) can be used to establish background knowledge possessed by a POSITA,
to furnish a motivation to combine, to assess whether a patent’s claims would have
been obvious, and/or to supply a missing limitation.

34, 1 further understand that certain factors may support or rebut the
obviousness of a claim. I understand that such secondary considerations include,
among other things, commercial success of the patented invention, skepticism of
those having ordinary skill in the art at the time of invention, unexpected results of
the invention, any long-felt but unsolved need in the art that was satisfied by the
alleged invention, the failure of others to make the alleged invention, praise of the

alleged invention by those having ordinary skill in the art, and copying of the alleged

16
ONEPLUS - EX. 1003





Dr. Titus Lo Declaration Inter Partes Review of U.S. Patent No. 10,863,573

invention by others in the field. I understand that there must be a nexus—a
connection—between any such secondary considerations and the alleged invention.
I also understand that contemporaneous and independent invention by others is a
secondary consideration tending to show obviousness.

35. 1 am not aware of any allegations by the named inventor of the 573
Patent or any assignee of the 573 Patent that any secondary considerations are
relevant to the obviousness analysis of any Challenged Claim of the *573 Patent.

36. I understand that a petition must identify, for any terms with means-
plus-function limitations, the specific portions of the specification that describe the
structure, material, or acts corresponding to each claimed function. I also understand
a rebuttable presumption exists that without use of the term, “means,” a claim term
is not interpreted as means-plus-function, but that other nonce words like
“component” have been found to satisfy the rebuttable presumption and invoke a
means-plus-function claim construction of such a claim term.

37. Talso understand that a petitioner seeking to demonstrate that the prior
art discloses a means-plus-function limitation must prove that the corresponding
structure—or an equivalent—was present in the prior art and performing the same
claimed function.

38. I understand that the standard for determining whether the prior art

discloses the corresponding structure or an equivalent is whether there are
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insubstantial differences, which means that if the assertedly equivalent structure
performs the claimed function in substantially the same way to achieve substantially
the same result as the corresponding structure described in the specification, it is
equivalent.

39. I understand that proving structural equivalence does not require a
component-by-component analysis, but rather that it is sufficient to show structure,
materials, or acts that perform the claimed function in substantially the same way to
achieve substantially the same result because the claim limitation is the overall
structure corresponding to the claimed function and not individual components.

40. T understand that for a claim to be valid, its scope must be definite, and
that improperly introducing a term can lead to an unascertainable scope of a term,
rendering it indefinite. I understand that any claim element first addressed in the
claims by the antecedent basis, “a” may then be identified later in the claims by the
antecedent basis, “the.” I understand that failing to follow this convention may lead
to ambiguity in the identification of the particular claim element in question, leading
to an indefinite scope of the claim’s term. For purposes of this proceeding, I

identified and provided my best understanding of any such terms despite such

ascertainable scope.
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V. SUMMARY OF THE ’573 PATENT

A.  Specification

41. The 573 Patent is titled “Method and apparatus for sequential
forwarding considering multi-flow in dual connectivity system.” ’573Pat., Title.
The °573 Patent discloses a “user equipment receiving multi-flow data with respect
to one evolved packet system (EPS) bearer through a macro base station (macro eNB)
and a small base station (small eNB) in a wireless communication system supporting
dual connectivity.” Id., Abstract. Thus, the “[u]ser Equipment (UE) can perform
wireless communication through two or more base stations among base stations
constituting at least one serving cell.” Id., 1:48-50. The 573 Patent discloses that
“The macro base station manages data flow control, security, and header
compression according to a packet data convergence protocol (PDCP) for data
transmitted to the small base station through a radio bearer (RB).” Id., 1:61-64. And
although “the wireless communication system is a single flow structure in which a
service is provided to the UE through one RB for one EPS bearer service..., in the
case of the wireless communication system supporting the dual connectivity, the
service of one EPS bearer can be provided to the UE through not one RB but two
RBs established in the macro cell and the small cell, respectively. That is, the service
can be provided to the UE through multi-flows.” Id., 1:65-2:6. 1 have reproduced

Figures 1 and 8, below, that depicts such a system.
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42.  “[I]n the case of the UE in which the multi-flows are constituted,” a
radio link control (RLC) layer in the UE is associated with each of the macro and
small base stations. Id., 2:21-27,11:66-12:29, Fig. 11. The RLC layer in the UE
includes “the RLC entity for the small base station and the RLC entity for the macro
base station...distinguished to receive the respective RLC SDUSs” (service data units)
over the multi-flows from the respective macro and small base stations “and acquire
the PDCP SDU and deliver the acquired PDCP SDU to the upper layer.” 573
Pat.,2:22-26. For the multi-flows, RLC entities in the macro base station and the

small base station corresponding to the RLC entities in the RLC layer of the UE are
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also present. ‘573 Pat.,12:2-6. I have reproduced Fig. 11, below, depicting the RLC
entities 1115-1 and 1115-2 in the UE and the corresponding RLC entities 1140 and
1170 in the macro base station 1130 and the small base station 1160, respectively.
Fig. 11 also depicts a PDCP entity 1120 at the UE and a corresponding PDCP entity
1135 for the macro base station 1130 and the small base station 1160. The PDCP
entity 1120 is above the RLC entities 1115-1 and 1115-2 at the UE. The PDCP entity
1135 at the macro base station 1130 is above the RLC entity 1140 at the macro base
station 1130 and above the RLC entity 1170 at the small base station 1160. ‘573
Pat.,11:66-12:6. As such, at the RLC entities 1115-1 and 1115-2 of the UE 1100, in-
sequence delivery may be guaranteed but may not guarantee receiving PDCP PDUs
in-sequence at the PDCP entity 1120 of the UE 1100. Additionally, there may be a
transmission delay of 20 to 60 ms for the PDCP PDU(s) from the PDCP entity 1135
of the macro base station 1130 to the PDCP entity 1120 of the UE 1100. There may
also be a time delay between the transmission of the PDCP PDU(s) to the RLC entity
1140 of the macro base station 1160 and the transmission of the PDCP PDU(s) to
the RLC entity 1170 of the small base station 1160. Hence, although the PDCP
PDU(s) transmitted by the PDCP entity 1135 of the macro base station 1130 are
received by the PDCP entity 1120 of the UE 1100, there will accordingly be a
difference in the receiving time between transmission through the RLC entity 1140

of the macro base station 1130 and transmission through the RLC entity 1170 of the
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small base station 1160 and thus in-sequence delivery of the PDCP PDU(s) at the
PDCP entity 1120 of the UE 1100 is difficult. ‘573 Pat.,12:6-29.

43. The 573 Patent acknowledges that because of this, the next layer up
(packet data convergence protocol or “PDCP”) “cannot sequentially acquire the
[data].” ’573Pat., 1:61-64, 2:26-27, 12:30-63. In the example of FIG. 12
(reproduced below) where a PDCP PDU receives timing in the PDCP entity for the
UE, a PDCP PDU is transmitted through a macro base station and a PDCP PDU is
transmitted through a small base station to be sent to the UE’s PDCP entity. With
respect to the service for one EPS bearer, the PDCP PDU to be transmitted through
the macro base station and the PDCP PDU to be transmitted through the small base
station may be determined by the macro base station. ‘573Pat., 12:30-38. [The macro
base station, for the data transmitted through a radio bearer to a small base station,
manages the “data flow control, security, and header compression “according to a
packet data convergence protocol (PDCP).” ‘573Pat., 1:61-64.] In the example of
FIG. 12, the PDCP PDUs with ‘odd’ sequence numbers (SNs) are transmitted
through the macro base station and the PDCP PDUs with ‘even’ SNs are transmitted
through the small base station. There may be a difference in time delay between
when the PDCP PDU transmitted through the macro base station is received in the
UE and when the PDCP PDU transmitted through the small base station is received

in the UE. The PDCP PDU transmitted through the small base station may have a
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transmission delay of ~20 to 60 ms. Hence, “there is a problem in sequentially
transmitting the PDCP SDUs from the PDCP entity to the upper layer” because
sequential transmission is not performed here as the PDCP entity of the UE does not
sequentially receive the PDCP PDUs because of the difference in time between RLC
SDUs (PDCP PDUs) received over two different RLC entities. In other words, a
time delay results in the receiving of the PDCP PDU in the PDCP entity of the UE
because the PDCP PDU transmitted from the common PDCP entity residing in the
macro base station is transmitted through the macro base station’s RLC entity and is
transmitted through the small base station’s RLC entity in a “multi-flow structure.”
‘573Pat.,12:39-63.

44.  Thus, “in the case of the UE using the multi-flows, a new method for
sequential delivery of the PDCP SDUs to the upper layer in the PDCP entity is
required.” *573Pat., 2:27-30, 12:64-13:39. The received PDCP PDU is deciphered
and header compressed by the PDCP entity of the UE, and then the PDCP SDU is
transmitted to the upper layer by the PDCP entity. Here, if there is a PDCP SDU
with a sequence number (SN) smaller than the current PDCP SDU’s sequence
number, the PDCP SDUs are transmitted in order from “smaller SN to the larger SN”
to the upper layer. Also, a discard timer may be operated at the transmission side of
PDCP entity, where the discard timer is configured with a duration from the upper

layer and started when a PDCP SDU is received from the upper layer. The PDCP
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entity will discard this PDCP SDU upon expiry of the discard timer. Hence, even
here, because of the expiry of the discard timer, a PDCP SDU with a particular
sequence number can be missed. ‘573Pat.,12:64-13:11. Two cases are provided for
where the PDCP PDUs are not received in-sequence when “multi-flows are
supported in the dual connectivity situation.” The first case involves the discard
timer in the base station that is driven for each PDCP SDU received in the uplink
and processed by the base station’s PDCP entity. When the number of packets “input
into the PDCP by driving the discard timer is larger than a predetermined reference,”
the packets that are not processed before expiry of the discard timer may be
discarded and these packets “may be newly processed based on a retransmission
request performed in the upper layer.” ‘573Pat., 12:12-27. The second case involves
a receiving delay for the transmission path of the PDCP PDUs where, because of the
multi-flows, the macro base station’s PDCP entity separates and transmits the PDCP
PDUs through the macro base station and through the small base station which may
result in a time difference in the receiving of the PDCP PDUs at the PDCP entity of
the UE “due to a delay caused due to different paths.” Therefore, for either the first
or second case, “a method that may sequentially transmit the PDCP SDUs to the

upper layer in the PDCP entity of the UE is required.” ‘573Pat., 12:28-39.
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‘573 Pat., Fig. 11

To overcome the issue of non-sequential delivery of PDCP data (PDCP

packet data units (“PDU™)), the *573 Patent proposes to use “an in-sequence timer

for the PDCP” to allow for delivering PDCP data (i.e., PDCP service data units
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(“SDU”)) to upper levels. ’573Pat., 13:43-53. The “in-sequence timer” is started (i.e.,
“driven”) when a PDCP sequence number (“SN”) is missed. *573Pat., 13:43-48.
“[T]he duration of the in-sequence timer may be determined by considering the
receiving delay of the transmission path of the PDCP PDU” or “an overall situation
of the system.” ’573Pat., 13:48-53. I have reproduced Figure 12 below showing

reception of the PDCP PDUs with a gap and time delay.

Macro| 1 | {3 |{5||7]{9]{11]|13]|15]|17]|19]|21]|23]25

Small{ 2 ]| 4| 6]||8]||10][12]{14]]16

20~60ms
(TIME DELAY)

D; PDCP PDU

’573Pat., Fig. 12.
46. By using the “in-sequence timer” in the PDCP, the *573 Patent purports
to solve the problem of out-of-sequence PDCP PDUs by allowing the PDCP to wait
for the missed PDUs before sending the corresponding SDUs to the upper level. 1d.,

13:54-14:55. This 1s shown in Figure 13, reproduced below.
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’573Pat., Fig. 13.

47. The 573 Patent discloses that the “timer duration may be established
by considering a transmission delay time of the backhaul between the macro base
station and the small base station.” ’573Pat., 14:58-61. Furthermore, “The in-
sequence timer may be transmitted from the macro base station to the UE through
the RRC [“radio resource control”’] message.” Id., 14:62-63. In particular, the timer
may be “included in a PDCP configuration which is an RRC information element
[“IE”].” °573Pat., 14:63-66. The sequence of processing the PDCP PDUs using the

in-sequence timer is shown below in Figure 14.
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’573Pat., Fig. 14.

B.  Prosecution History

48. I understand the ’573 Patent issued from U.S. Patent Application No.
15/935,626 that was filed on March 26, 2018. The ’573 Patent claims priority to a
Korean application filed May 10, 2013. For purposes of this declaration, I treat May
10, 2013, as the priority date for the *573 Patent.

49. By my review, the Examiner rejected the pending claim because

various prior art references independently taught receiving PDCP data in a user
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equipment using dual connectivity. The Examiner twice noted, regarding prior art
Ohta (U.S. Patent Application Publication No. 2012/0182971), that a “source base
station” corresponded to the claimed “macro eNB” and a ‘“target base station”
corresponded to the claimed “small eNB.” >°573FH, 111, 141. This interpretation was
not contested by Applicant when responding to the Examiner’s Ohta-based
rejections. Id, 40-43, 127-129.

50. Applicant amended the claims to recite the limitations that indicated
“wherein the RRC message includes a PDCP-configuration information element
(IE), and the PDCP-configuration IE includes a field indicating a value of the in-
sequence timer.” Id., 36. This resulted in the Notice of Allowance. /d., 17-19.
The ’573 Patent issued on December 8, 2020, with a terminal disclaimer to U.S.
Patent No. 9,930,720. Id., 140.

51. By my review, Koskinen, Deenoo, and Sammour were not cited in

the *573 file history.

VI. TECHNOLOGY BACKGROUND

A.  Wireless Technology

52. Wireless technology enables information transmission over distances
without physical connections, using electromagnetic waves such as radio waves,
infrared, or microwaves to facilitate device communication. One of the most

prevalent wireless technologies entail cellular radio systems which typically include
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mobile devices (e.g., cell phones, cellular modems, smartphones, etc.), base stations,
and core networks with connections to external networks.

53. Base stations typically provide wireless radio access through different
air interface standards, enabling mobile stations served by the base stations to
connect to external networks such as the public switched telephone network (PSTN),
the internet, and other cellular provider networks. A mobile device is also identified
by the term User Equipment (UE) primarily in the context of 3GPP (3rd Generation
Partnership Project), and the term "mobile station" commonly used in the early days
of cellular networks, particularly in the context of GSM (Global System for Mobile
Communications) and other 2G/3G technologies. Another term for a mobile device,
albeit less commonly used, is Wireless Transmit/Receive Unit (WTRU), which can
apply to a wider range of wireless communication devices.

54.  2G mobile wireless technologies consisting of GSM and Code-Division
Multiple Access (CDMA) provided voice and basic data services such as short
message service (SMS) and (multimedia messaging service) MMS and limited web
browsing in the late 1990s to the early 2000s.

55. With the increasing demand for mobile data services, 3G mobile
networks such as Universal Mobile Telecommunication Systems (UMTS) including
wideband-CDMA (W-CDMA) technology and CDMA-based Evolution Data

Optimized (EVDO) networks were introduced in the early to mid 2000s that
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supported higher data rate services (e.g., up to 2.4 Mbps for EVDO rev 0 and up to
2 Mbps for UMTS). EX1032; EX1033. Eventually, High-Speed Downlink Packet
Access (HSDPA), High-Speed Uplink Packet Access (HSUPA), and High-Speed
Packet Access (HSPA+) were integrated into UMTS networks to provide even
higher data speeds to support the continuously growing number of smartphones and
mobile data applications.

56. With the ever growing need to support even higher data speeds (e.g.
100 Mbps in downlink /50 Mbps in uplink) and more mobile data applications, the
need for the next generation of wireless technologies (4G) became evident. EX1034.
There were initially three 4G standards efforts. One was Ultra Mobile Broadband
(UMB) started by 3GPP2 and another was WiMAX (IEEE 802.16¢). However, these
are now largely abandoned in favor of the third 4G standard called Long Term
Evolution (LTE) led by 3GPP. EX1035. LTE is the most prevalent 4G mobile
wireless technology in the world and was first commercially available in late 2009.
EX1036.

57. Because LTE exemplifies wireless technology advancement, I have
concentrated on LTE as an example throughout this Technology Background section.

58. LTE provides wireless high-speed data transmission in cellular
networks. A cellular network that employs LTE technology is typically referred to

as the Evolved Packet System (EPS).
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B. Evolved Packet System (EPS)

59. EPS encompasses the entire system architecture, including both the
Evolved Universal Terrestrial Radio Access Network (E-UTRAN or simply RAN),
Evolved Packet Core (EPC), along with base stations (eNodeB or simply eNB) and
mobile devices or User Equipment (UE). EPS is an end-to-end all-IP (Internet
Protocol) network that supports data communication between UEs and external
networks like the internet. EX1038; EX1038, § 4.71.

60. The RAN manages the air interface, providing radio access to the UEs
and the connectivity to the EPS. eNBs are typically interconnected via the Sl
interface to the RAN, but some eNBs are directly interconnected using the X2
interface if favorable physical conditions exist, such as suitable backhaul, site
topology, low latency connection, and synchronization. The S1 interface supports
functions including authentication, mobility management, and bearer management,
while the X2 interface supports functions such as handover, load balancing, and

interference coordination. EX1012, § 4; EX1012, § 4.6.1, p. 25.
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Fig. #1 (based on EX1038)

61. The EPC manages and controls the flow of data between the RAN and
external packet data networks. The EPC consists of:

o Mobility Management Entity (MME)

o Serving Gateway (S-GW)

o Packet Data Network Gateway (P-GW)

o Home Subscriber Server (HSS)

C. Base Station [based on EX1027]

62. AneNB serves as the main communication point for one or more UEs,
connecting them to the EPS and beyond. It typically consists of the following key
components:

o An antenna system: Includes one or multiple antennas that transmit and
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receive radio signals. These antennas are strategically positioned to cover designated
areas and ensure optimal signal quality.

° A transceiver: Combines both transmitter and receiver functions,
handling the conversion of radio signals to digital signals and vice versa.

o A baseband unit (BBU): Processes the baseband signal, managing
encoding, decoding, and other digital signal processing tasks.

o A radio frequency (RF) power amplifier: Boosts the strength of
outgoing signals to ensure they can travel long distances and reach UEs within the
coverage area.

o A backhaul connection: Links the eNB to the EPC, facilitating data
transfer and communication with other network components.

63. The eNB (base station) performs the following primary functions:

o Signal Transmission and Reception: Enables communication services
like voice calls, text messaging, and data by transmitting and receiving radio signals.

o Network Connection: Connects UEs to the EPC and external networks
such as the internet, for seamless communication.

o Handover Management: Manages transitions between cells to ensure
continuous connectivity as UEs move.

o Resource Management: Coordinates with other base stations to manage

resources, balance loads, and optimize network performance.
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64. Base stations vary in coverage size, with traditional ones, known as
macro base stations or macro cells, having a coverage radius of several miles. The
terms “base station” and ““cell” are often used interchangeably when referring to their
functionality.

65. Incontrast, small base stations, which include microcells, picocells, and
femtocells, offer limited coverage, typically ranging from a few meters to a few
hundred meters. Despite their smaller scale, small base stations contain the same key
components as macro base stations and perform similar primary functions, albeit
with reduced capability. They usually have their own backhaul connection to the
core network and they may use different (usually higher) carrier frequencies.

66. Small base stations are used to enhance network performance in
densely populated areas or where macro cell coverage is weak. For example, LTE
Small Cell Enhancements are particularly useful in providing dual connectivity,
where a user equipment (UE) connects to both a macro base station and a small base
station simultaneously. This setup allows for even higher data speeds and improved
network efficiency. In the context of dual connectivity, the macro base station is
called the master eNB (MeNB), whereas the small base station the secondary eNB
(SeNB). EX1027. In the context of small indoor cell enhancement, it 1s known as

LTE hotspot indoor cell (LTE-Hi) technology. EX1037.
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D. User Equipment (UE) [based on EX1028]

67. A UE is an electronic device that connects wirelessly to eNBs to access
network services. It consists of several key components:

° Cellular Radio: Includes an antenna, transceiver, and circuitry for
communication with base stations.

o Baseband Processor: Handles signal processing tasks like modulation,
demodulation, encoding, decoding, multiplexing, and error correction to ensure
reliable data transmission.

o Microprocessors: Execute the operating system and applications,
managing communication protocols and software.

o Memory and Storage: Provide capacity for data storage and application
execution.

68. The primary functions of a UE, with respect to the EPS, include:

o Signal Transmission and Reception: Enables voice calls, text
messaging, and data by transmitting and receiving radio signals.

o Network Registration: Registers with the RAN by sending
identification information to the base station for service authorization.

o Handover Management: Collaborates with base stations to manage
transitions between cells, maintaining continuous connectivity.

o Data Processing: Processes received data to ensure correct
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interpretation and presentation to the user. EX1028.

E. Radio Protocol

69. Effective communication between base stations and UEs requires a set
of rules and standards known as radio protocols. These protocols govern aspects of
data formatting, transmission timing, and error correction, ensuring device
interoperability and standardized communication.

70. The LTE radio protocol architecture is divided into two main
components: the user plane and the control plane, as shown in Fig. #2. EX1012;

EX1012, §§ 4.3.1-4.3.2, pp. 22-23.

UE eNB MME
PHY PHY PHY PHY
User-plane Control-plane

Fig. #2 based on EX1012, Figs 4.3.1-1 and 4.3.2.1, pp. 22-23.
71.  The user plane is responsible for transmitting user data, such as voice,

video, and internet traffic, between the UE and the RAN. Its protocol stack includes

multiple layers (EX1012, § 4.3 pp. 22-23):

o PDCP (Packet Data Convergence Protocol): Ensures in-sequence
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delivery of upper layer Protocol Data Units (PDUs), handles encryption/decryption
(i.e., ciphering/deciphering), header compression/decompression:(robust header
compression) ROHC only, duplicate detection of lower layer Service Data Units
(SDUs), retransmission of PDCP SDUs at handover, and reordering. It acts as an
interface between the IP layer and lower layers, facilitating the convergence of data
from different sources. EX1012, § 6.3, pp. 53-54.

o RLC (Radio Link Control): Ensures reliable data transfer over the radio
link through segmentation, concatenation, reordering, duplicate detection, and
retransmissions, operating in different modes, including Acknowledged Mode
(AM), Unacknowledged Mode (UM), and Transparent Mode (TM). EX1012, § 6.2,
pp. 52-53.

o MAC (Medium Access Control): Manages access to the radio channel,
schedules data transmission and reception, multiplexes/demultiplexes MAC SDUs
belonging to one or different logical channels into/from transport blocks (TB)
delivered to/from the physical layer on transport channels, and performs error
correction using Hybrid Automatic Repeat Request (HARQ). EX1012, § 6.1, pp. 50-
52.

o PHY (Physical Layer): Defines the physical means (e.g.,
modulation/demodulation and coding/decoding) of transmitting/receiving data over
the radio interface using techniques like OFDMA for downlink and SC-FDMA
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(single carrier frequency division multiple access) for uplink. EX1012, § 5, pp. 39-
49.

72.  The control plane handles signaling and control messages necessary for
network access, mobility management, and resource allocation. Its protocol stack
also includes the PDCP, RLC, MAC, and PHY layers for supporting the control
plane functions, with two additional protocols or layers on top of RLC:

o RRC (Radio Resource Control): Manages radio resource configuration,
mobility, and connection setup. EX1012, § 7, pp. 56-57.

o NAS (Non-Access Stratum): Handles higher-level signaling between
the UE and the core network for tasks like authentication and session management.
For instance, PDCP also handles ciphering and integrity protection for the control
plane. EX1012, § 6.3.1, p.54.

73. Both the user and control plane protocol stacks are implemented in
eNBs and UEs. Each layer communicates with its peer layer on the counterpart
device, ensuring reliable and efficient data delivery across the network.

F. Interface Between Layers

74.  In transmission from the eNB, data flows from the PDCP layer down
through each protocol layer, with each layer adding its own headers and control
information. This process continues until the data reaches the physical layer, where

it is transmitted over the medium. In reception by the UE, data flows in reverse,
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starting at the physical layer and moving up through each layer, with each layer
removing its corresponding headers and control information until the data reaches
the PDCP layer, depending on if the data is being received or sent, respectively.

75.  Each layer interacts with its adjacent layers using Service Data Units
(SDUs) and Protocol Data Units (PDUs). When data is passed between layers, the
sending layer refers to it as an SDU, while the receiving layer treats it as a PDU.
Each layer processes the PDU according to its specific functionality and then sends
the processed data unit as an SDU to the next adjacent layer. This process continues
until the data reaches either the uppermost or lowest layer.

76.  For example, in the case of a UE receiving data shown in Fig. #3:

o The PHY layer receives data and sends data as a SDU (aka. Transport
block) to the MAC.

o The MAC layer receives this SDU from the PHY layer, which now
becomes the PDU, removes the MAC header and padding from the PDU, and then
passes the resulting data unit as a SDU to the RLC layer.

o The RLC layer receives this SDU from the MAC layer, which now
becomes a PDU, processes the PDU by removing its RLC header, and then sends
the resulting data unit as a SDU to the PDCP layer.

o Finally, the PDCP layer receives this SDU from the RLC layer, which
now becomes a PDU, removes the headers from the PDU, and then passes the
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processed data unit as a SDU to the network.

IP packet

Transport Block

Fig. #3 based on EX1012, § 6, pp. 49-54.

77.  This protocol layering approach ensures that data is transmitted and
received efficiently while maintaining proper formatting and functionality at each
stage of communication. It provides modularity and flexibility in implementation.
Each layer can be modified or updated independently without affecting other layers.
This means that new technologies can be introduced, or issues can be fixed in one
layer without disrupting the entire system, making it easier to adapt to changing
network requirements or technological advancements. It promotes compatibility by
ensuring that changes in one layer do not affect others, allowing for backward
compatibility.

G. Radio Bearer

78. A radio bearer (RB) is a logical or abstract communication channel that
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carries a specific type of data between a UE and the RAN over a radio frequency
(RF) signal. It is a virtual concept that specifies how data or signaling is treated as it
travels across the network, including quality of service (QoS) characteristics like
priority, latency, and throughput. An RB is not a physical entity, but rather a
software-defined channel that's managed by the RAN. EX1038, § 4.7.2.2, p. 62.

79.  There are two types of radio bearers:

o Signaling Radio Bearer (SRB): SRBs are used for transmitting control
plane traffic, including RRC (Radio Resource Control) and NAS (Non-Access
Stratum) messages. These messages are essential for network setup, configuration,
and management. Several types of SRBs are defined in LTE for different types of
control signaling. EX1012, § 7.1, p. 56.

o Data Radio Bearer (DRB): DRBs are used for transmitting user plane
traffic, such as internet data, video streaming, and voice calls. They carry IP packets
and are essential for providing services to users. DRBs can be classified into default
bearers and dedicated bearers, each with different QoS characteristics tailored to
specific applications. EX1012, § 13.1, pp. 98-99.

80. Radio bearers are configured using radio protocols, specifically through
RRC (Radio Resource Control) messages. These messages establish and modify
radio bearers, defining their QoS characteristics and parameters. The configuration

of radio bearers involves layers such RRC, PDCP, RLC, MAC, and PHY, each
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contributing to the setup and management of bearers. For example, a PDCP bearer
i1s a logical connection between two PDCP entities (e.g., at a UE and an eNB,
respectively), which is configured by the PDCP configuration information element
in a RRC message. EX1014.

H. RRC Protocol

81.  The Radio Resource Control (RRC) protocol plays a crucial role in the
control plane by managing radio resource configurations, mobility, and connection
setup between User Equipment (UEs) and the radio access network. It handles
signaling and control messages, including connection requests, configurations,
measurements, and reports. RRC messages contain comprehensive configuration
details organized into information elements (IEs) that facilitate independent
management of different parameters. EX1012, § 7, pp. 56-59.

82.  The modular design of wireless communication protocols allows for the
separation of configuration information into distinct IEs for distinct purposes. This
approach makes it easier to independently manage and update specific parameters at
one layer without affecting other layers. For example, configuration parameters
(a.k.a sub-elements) only related to the RLC entity itself, such as RLC sequence
numbers and timer values, are defined in the RLC configuration IE (see Fig. #3).
Similarly, configuration parameters only related to the PDCP entity itself, such as

PDCP sequence numbers and a timer value, are defined in the PDCP configuration
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IE (see Fig. #4).

RLC-Config field descriptions

maxRetxThreshold

ParameterforRLC AM in TS 36.322[7]. Value t1 corresponds to 1 retransmission, t2 to 2 retransmissions and so on.
polIByte

Parameter for RLC AM in TS 36.322 [7]. Value kB25 corresponds to 25 kBytes, kB50 to 50 kBytes and so on.
kBInfinity corresponds to an infinite amount of kBytes.

pollPDU

Parameter for RLC AM in TS 36.322 [7]. Value p4 corresponds to 4 PDUs, p8 to 8 PDUs and so on. pInfinity
corresponds to an infinite number of PDUs.

sn-FieldLength

Indicates the UM RLC SN field size, see TS 36.322 [7], in bits. Value size5 means 5 bits, size10 means 10 bits.
t-PollIRetransmit

Timer for RLC AM in TS 36.322 [7], in milliseconds. Value ms5 means 5ms, ms10 means 10ms and so on.
t-Reordering

Timer for reordering in TS 36.322 [7], in milliseconds. Value ms0 means Oms, ms5 means 5ms and so on.
t-StatusProhibit

Timer for status reporting in TS 36.322 [7], in milliseconds. Value ms0 means Oms, ms5 means 5ms and so on.

Fig. #3 — “RLC-Config field descriptions” of EX1014, p. 220.

PDCP-Config field descriptions

discardTimer

Indicates the discard timervalue specifiedin TS 36.323 [8]. Value in milliseconds. Value ms50 means 50 ms, ms100
means 100 ms and so on.

maxCID

Indicates the value of the MAX_CID parameter as specified in TS 36.323 [8].

pdcp-SN-Size

Indicates the PDCP Sequence Number length in bits. For RLC UM: value len7bits means that the 7-bit PDCP SN
formatisused and /en12bitsmeans thatthe 12-bit PDCP SN formatis used. For RLC AM: value len15bits means that
the 15-bit PDCP SN format is used, otherwise if the field is not included upon setup of the PCDP entity 12-bit PDCP
SN formatis used, as specified in TS 36.323 [8].

profiles

The profiles used by both compressor and decompressor in both UE and E-UTRAN. The field indicates which of the
ROHC profiles specified in TS 36.323 [8] are supported, i.e. value true indicates that the profile is supported. Profile
0x0000 shall always be supported when the use of ROHC is configured. If supportof two ROHC profile identifiers with
the same 8 LSB’s is signalled, only the profile corresponding to the highest value shall be applied.
rn-IntegrityProtection

Indicates that integrity protection or verification shall be applied for all subsequent packets received and sent by the
RN on the DRB.

statusReportRequired

Indicates whether or not the UE shall send a PDCP Status Report upon re-establishment of the PDCP entity as
specified in TS 36.323 [8].

Fig. #4 — “PDCP-Contfig field descriptions” of EX1014, p. 203
83.  Incontrast, RLC or PDCP parameters concerned with the establishment
or reconfiguration of a radio bearer are specified in the RRC Connection Setup or
Reconfiguration messages. These messages are part of the broader RRC protocol

functions, which include managing radio bearers and ensuring seamless connectivity
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during mobility events like handovers. EX1014, Section 5.3.5, pp. 49-56. 81.82.

84. A parameter or sub-element can be represented by a field, which can
contain a simple value, such as an integer or string, or a complex value, such as a list
of simple values or a structure. EX1014, p. 203

I. Dual Connectivity and Multi-Flow

85. LTE Dual Connectivity is a feature that enables a UE to connect to a
MeNB and a SeNB. This allows the UE to aggregate the resources from both base
stations, improving overall throughput, mobility, and coverage. The dual
connectivity capability is particularly useful in scenarios where a UE is at the edge
of two cells or in areas with limited coverage.

86. In dual connectivity, the MeNB typically manages the control plane,
handling tasks such as mobility management, radio resource control, and security,
whereas both the MeNB and SeNB provide user plane resources, allowing the UE
to receive and transmit data over both connections. The radio bearer configuration
and management are handled through Radio Resource Control (RRC) messages
exchanged between the UE and the MeNB, with the SeNB providing additional
configuration and control information as needed.

87. From a radio bearer perspective, dual connectivity supports two main
configurations: dual radio bearers, which are applicable to both uplink and downlink,

and split bearers, which are only applicable to downlink. In dual radio bearers, two
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separate radio bearers are established, one for each base station, allowing the UE to
communicate with each base station independently. In split bearer, a single radio
bearer is split between the MeNB and SeNB, allowing the UE to receive data
simultaneously over both connections. In the context of split bearers, the feature that
a UE simultaneously receives downlink data from multiple eNBs is called multi-
flow, as illustrated in Fig. #5. The RLC functionality is split across two eNBs to
improve efficiency and reliability, and such an arrangement is also known as the
distributed RLC protocol. The radio bearer configuration is managed by the MeNB,
which ensures that the UE receives the necessary configuration and control
information to establish and maintain the dual connectivity. EX1029, § 4.9 pp. 45-

46.

Split
Bearer

[PDCP | [PDCP PDCP

|
[ R.c | [ RLC ] [RLC | [ RC |

|
| MAC | | MAC |

| PHY | [ PHY
MeNB | SeNB

Path 1 Path 2

[ PHY | [_PHY |

[mMac | [ MAC |

[RLC | [ RLC ]
i

Fig. #5 based on EX1029, § 4.9.2 p. 45.
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J. PDU Reordering

88. In transmission from the eNB, each PDU at the PDCP layer is also
assigned a sequence number (SN) specific to the PDCP layer. Similarly, each PDU
at the RLC layer is assigned an SN specific to that layer. The SN resides in the header
of the PDU. These SNs play a crucial role in ensuring that data is delivered in the
correct order to the next layer at the receiver by enabling PDU reordering.

89.  There are various scenarios where data is received out of order. For
example, when data packets are lost or corrupted, the receiver requests their
retransmission. Since retransmitted data packets may arrive later than correctly
received ones, data packets can become out of order. This situation is common in
ARQ/HARQ processes.

90.  Another scenario occurs during an intra-LTE handover (also known as
X2-based handovers). When the UE hands over from one eNB (source) to another
eNB (target), the RLC context (such as RLC configurations and RLC buffering) is
lost. This means the target eNB lacks knowledge of the previous RLC sequence
numbers. As a result, the UE may experience packet duplication or out-of-order
delivery due to the transition between different serving eNBs.

91. Yet another scenario arises in multi-flow applications, where a UE
receives data from both a MeNB and an SeNB simultaneously (Fig. #5). Such a setup

increases overall data throughput by aggregating resources from both base stations
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but can also create an out-of-sequence problem due to different time delays for the
two transmission paths.

92. In these examples, PDU reordering is a critical mechanism for
maintaining the integrity of data transmission by ensuring that packets are delivered
in sequence. PDU reordering can be accomplished in either the RLC layer or the
PDCP layer. EX1039; EX1040.

93. The RLC layer reordering has been specified in the LTE specifications
since 2008 to manage the out-of-sequence data resulting from the ARQ/HARQ
process. EX1039: 3GPP TS 36.322 V8.2.0 (2008-05) (section 5.1); EX1039, § 4.2.1,
p. 10 and p. 12; EX1039, § 5.1.2, pp.13-14. The RLC reordering mechanism works
well in scenarios involving a single eNB.

94.  In the second scenario, since the UE cannot rely on the RLC layer
reordering, the PDCP layer reordering is the feasible solution for the out-of-sequence
PDU problem due to intra-LTE handovers. In fact, it has been employed in LTE
since 2008. EX1040: 3GPP TS 36.323 V8.2.1 (2008-05) (section 5.5); EX1040, §
5.5.1.2, pp. 16-17.

95. The out-of-sequence data problem in multi-flow or dual connectivity
was discussed in 3GPP meetings as early as in Jan. 2013. EX1017: 3GPP Tdoc R2-
130324. Subsequently, both the RLC layer reordering and PDCP layer reordering

were proposed and discussed as competing potential solutions. The requirement of
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a timer was also proposed for PDCP reordering in the April 2013 meeting. EX1018:
3GPP Tdoc: R2-131327; EX1019: 3GPP Tdoc: R2-131621. Ultimately, the 3GPP

Working Group adopted the PDCP layer reordering as the solution for the out-of-

sequence problem in Release 12 specifications.

96. The reordering procedural steps are compared in the following table:

Reordering At the RLC At the PDCP

steps
For ARQ/HARQ (in | For intra-LTE For multi-flow
2008 spec). handover (in 2008 | (proposed in April
[EX1039, § 5.1.2, spec). [EX1040, § | 2013), [EX1030, §
pp. 13-14] 5.5.1.2, pp. 16-17] | 5.1.2.1.4, pp. 14-15]

Detection of

Detects gaps in the

Detects gaps in the

Detects gaps in the

Missing sequence numbers sequence numbers | sequence numbers
Packets of received PDUs of received PDUs | of received PDUs
Buffering Buffers packets until | Buffers out-of- Buffers out-of-order
the missing PDUs order PDUs until | PDUs across the
are received all preceding split bearer until all
PDUs are received | preceding PDUs are
received

Timer Usage

Uses a "t-

Does not use a

Uses a t-Reordering

in the correct order

they are in the
correct order

Reordering" timer to | timer for timer to manage the
wait for missing reordering; relies | reordering process
PDUs before on SN+HFN value
requesting management
retransmissions
PDU Delivers PDUs to Delivers PDUs to | Delivers PDUs to
Delivery PDCP once they are | higher layers once | higher layers once

they are in the
correct order
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97. In LTE-Advanced,! RLC layer reordering is used to handle out-of-
order packets resulting from HARQ operations, while PDCP layer reordering serves
as a mechanism, particularly in intra-LTE handovers and dual connectivity scenarios

where RLC cannot ensure in-sequence delivery.

VII. PUBLIC AVAILABILITY OF 3RD GENERATION PARTNERSHIP
PROJECT (3GPP) TECHNICAL SPECIFICATIONS AND OTHER
DOCUMENTS

98. Based on my years of experience, I am familiar with the regular
business practices of the 3rd Generation Partnership Project (“3GPP”) relating to
technical documents including specifications, draft standards and proposals, and
standards-related technical contributions—including the business practices through
which 3GPP makes these documents public.

99. 3GPP was begun in December 1998 with a purpose to develop
Technical Specifications and Technical Reports for the 3G mobile system called
Universal Mobile Telecommunications System (“UMTS”). EX1020:
https://www.3gpp.org/about-us; EX1031: https://en.wikipedia.org/wiki/3GPP.
3GPP is a global initiative partnership made up of organizational partners, market
representation  partners, and individual member companies. EXI1021:

https://www.3gpp.org/about-us/introducing-3gpp. Over the last two decades, 3GPP

! This standard was adopted after May 10, 2013. EX1030.
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has developed and continues to maintain various cellular communications
specifications, including GSM, GPRS/EDGE, UMTS, LTE/EPS, IMS, and 5G.

100. A primary goal of 3GPP is to provide an environment to produce
technical specifications and technical reports that define and standardize
technologies covering cellular telecommunications networks, including User
Equipment or Mobile Device (UE) technologies, Radio Access Network (RAN)
technologies, Core Network (CN) technologies, and service and system
capabilities—including work on codecs, security, and quality of service. The
specifications also provide hooks for interworking with non-3GPP networks
including but not limited to Wi-Fi networks.

101. As I have done, interested POSITAs have been tracking the
developments of 3GPP specifications and other submissions to ensure that the
standards reflected their employers’ technology visions, included their technological
solutions and features, and that products and services developed by their companies
were consistent with the standards being developed. It is my opinion that a POSITA
in cellular communications would need to be familiar with 3GPP and the
specification-related documents produced as part of the 3GPP process in order to
properly perform his or her job.

102. Thave been using the 3GPP official FTP server ftp://www.3gpp.org/ to

access 3GPP specifications for my work or for interest for more than 15 years. This
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FTP server allows anyone to log in anonymously to download documents. For
example, if I needed to learn about a specific version of a 3GPP specification, say
3GPP TS 36300 VI1.5.0 (2013-03), I could navigate to subfolder
/Spec/archive/36_series/36.300/, where all the versions of 36.300 specifications are

located from 07/05/2006 to present.

(3]0 -~ |ftp://www.3gpp.org Voo
w 0:/Specs/archive/36_series/36.300/** * v
+Mame Ext Size Date Attr
s 36300-210 zip 3,822,356 09/30/2010 09:49 ----
136300-a20 zip 4,059,977 12/18/2010 01:58 ----
s 36300-a30 * zip 3,939,981 04/05/2011 00:43 ----
2 36300-240 zip 3,974,238 06/21/2011 23:16 ----
s 36300-a50 zip 3,976,401 09/28/201111:25 ----
s 36300-a60 zip 3,977,687 12/20/2011 15:04 ----
224 36300-370 zip 3,971,034 0312/2012 1407 ----
s 36300-280 zip 3,970,107 06/26/2012 23:.05 ----
2 36300-290 zip 3,988,851 01/07/2013 23:12 ----
136300-a3al zip 3,998,852 06/29/2013 15:55 ----
136300-ab0 zip 3,976,267 09/17/2013 13:34 ----
136300-ac0 zip 3,932,838 12/19/201411:16 ----
+36300-b00 zip 3,982,912 12/20/2011 15:05 ----
136300-b10 zip 3,985,541 03/12/201214:08 ----
+36300-b20 zip 3,985,045 06/27/2012 12:56 ----
136300-b30 zip 4,002,521 09/24/2012 08:50 ----
136300-b40 zip 4047447 12/21/2012 2218 ----
:36300-b50 zip 4,047,072 03/15/2013 16:56 ----I
s 36300-bE0 zip 4,028,042 07/07/201311:44 ----
2 36300-b70 zip 4,022,623 09/19/2013 17:39 ----
2 36300-b80 zip 4,030,495 01/06/2014 10:53 ----
s 36300-b50 zip 4,024,041 03/19/2014 1314 ----
Fig. #6

103. If I believed that a 3GPP document might potentially contain some
specific information of interest, I relied on the 3GPP official advanced search engine
http://isearch.3gpp.org/isysadvsearch.html. EX1022. I have been using this search
engine for many years as well until it was discontinued in 2023. EX1023. A powerful
feature of this search engine was that one could specify a logical combination of
keywords or phrases of interest, the time span of interest, technology task group, file

format, etc.
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1. 3GPP’s Policy and Practice of Making Documents Public

104. 3GPP’s policy was to make 3GPP documents available to the public,
including to interested POSITAs. The free availability of 3GPP documents to any
interested member of the public was widely recognized in the industry. For example,
textbooks and other sources directed readers to the 3GPP website for information
about relevant standards.? Making the documents available to the public was
intended to enhance collaboration among 3GPP Working Group members and other
interested POSITAs.

105. Because the purpose of 3GPP was worldwide adoption of a common
standard, no restrictions on distribution or discussion were placed on 3GPP
documents. For example, in the 2009 timeframe when LTE was in its early-stage
development, as a wireless technology expert, I gave open seminars and held
workshops on LTE technology to the local wireless community based on what I
learned from the 3GPP specifications. | also provided the links to colleagues and
peers for them to access 3GPP documents.

106. The technical specifications and reports developed by 3GPP were, and

2EX1024 at 1.1 (“3GPP documents are public and can be accessed via the 3GPP
web site”) available at

https://web.archive.org/web/20070219081417/http://tools.ietf.org/html/rfc3314.
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are, driven by the technical contributions of 3GPP member companies. As part of
that development process, various types of documents have been produced. As
relevant to this proceeding, the 3GPP process involved the consideration of
temporary documents (“TDocs,” also referred to as “technical contributions,” or
“member contributions,” and in some cases referred to as “change requests™),
resulting in the production of technical specifications.

107. All TDocs, technical reports, and technical specifications were and are
freely available to interested POSITAs (and to any interested member of the public)
through the public file repository on the 3GPP website.

108. In my opinion, an interested POSITA could have located relevant
documents of interest on the 3GPP website using reasonable diligence based on the
website’s indexing scheme. For example, the documents on the 3GPP website were
(and remain) organized according to the relevant Working Groups within 3GPP
(each of which focused on particular subject matter) and then further organized
based on the meetings of those groups. POSITAs would have known which Working
Groups focused on particular subject matter.

2. The 3GPP Public File Repository

109. There are several sites from which a POSITA could access the 3GPP
public file repository to locate documents of interest. For example, a POSITA could

have used 3GPP FTP server ftp://www.3gpp.org/. A POSITA could, using a file
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explorer, navigate through the folders and files to look for documents of interest
since the folder and files names tended to be self-explanatory. If the specifics of a
document of interest are known, such as its document number, its file name, its
series, and release version, one could go to a folder or subfolder in the FTP server to
find the document. The FTP server contains archives of 3GPP documents, including:
3GPP specifications, including from 00 series to 55 series of all releases; 3GPP
meeting information and documents; Email discussions by 3GPP member
companies; Technical contributions (TDocs) by 3GPP member companies; and
Workshop materials.

110. The FTP server has been accessible to the public for at least twenty
years and is still currently accessible. I have reproduced a screenshot of the FTP

server below.

B0 - |ftp:/fwww.3gpp.org Yo

w 0 * v

+Name Ext  Size Date Attr

ﬁ [.] <DIR>
[3gulnternal] <DIR=  02/21/201910:39 -
[Email_Discussions] <DIR>  12/20/2024 14:08 ----
[Inbox] <DIR>  10/18/2024 11:01 ----
[Information] <DIR> 01/24/2023 20:06 ----
[Invitation] <DIR>  00/26/2012 16:03 ----
[Joint_Meetings] <[IR= 03/21/2024 12:48 ----
[Meetings_3GPP_SYMNC] <DIR>  12/13/2023 0911 ----
[MembersOnly] <DIR>  07/31/2018 12:56 ----
[Op] <DIR>  10/29/2024 09:58 ----
[PCG] <DIR>  12/17/202416:58 ----
[Specs] <DIR=  02/24/202507:34 -
[TdoclistDefault] <DIR>  03/13/202508:22 ----
[tsg_cn] <DIR>  11/04/2008 1&:33 ----
[tsg_ct] <DIR=  01/30/202510:00 ----
[tsg_geran] <DIR>  02/10/2016 14:55 ----

| [tsg_ran] <DIR> 01232018 13:34 - |
[tsg_sa] <DIR=  02/07/202015:35 ----
[tsg_t] <DIR=  11/04/2008 21:08 ----
[webExtensions] <DIR> 04,/19/2022 13:40 ----
[workshop] <DIR>  01/24/2025 08:37 ----

Fig. #7
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111. A POSITA could have also used the 3GPP FTP directory available at

https://www.3gpp.org/ftp/. This is an alternative way to access the 3GPP FTP server

using a web browser. A quick way to find a document is to search by entering
“file name, 3GPP.org/ftp” if the file name is known. The link to the location of the
document usually will show up if it exists. The FTP directory has been accessible to
the public for at least twenty years and is still currently accessible. I have reproduced

a screenshot of the FTP directory below.

v~ ¥F [Directory Listing ffps x + = O X
& = @ @ % 3gppora/fps r e} ®
as [ Al Bookmarks
x@ wwiw.3gpp.org / ftp
A GLOBAL ENITIATI VL

sort by ' sort by d. i} sort by size/dese

3gulntermal 2019/02/21 10:39

Bl Discussions I024/12/20 14:08

Inbox 202410718 11:01

Enformation 2023/01/24 20:06

Fvitation 2012/09/26 16:03

Joint Meetings 2024/05/21 12:48

Meetingz 3GPP_SYNC 20231213 9:11

MembersOnly 2018/07/31 12:56
Op 2025/04/03 14:00
BOG 2024/12/17 16:58
Specs 2025/02/24 7:34
I'doclistDefanit 2O25/03/27 9220

TSGS3_121_Goteborg 2025/03/25 15:00

tsg cu 2008/11/04 18:53
tag_ct 2025/01/30 10:00
tsp_peran 20160210 14:55
tsg_ran 2018/01/23 13:34
lsg sa 2020/02/07 15:35
tsg t 2008/11/04 21:08
webExtensions 2022/04/19 13:40
workshop 2025/01/24 §:37

21 items.

Fig. #8
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112. The indexed navigation of the files follows a clear pattern—the top two
levels of indexing within the file repository are based wholly on subject matter, as
reflected by the division of subject matter among the various TSGs and Working
Groups.

113. A POSITA could have also used the 3GPP official advanced search

engine http://isearch.3gpp.org/isysadvsearch.html. EX1022. If a POSITA desired to
look for files that might potentially contain the information of interest, the POSITA
could have used the search engine to locate and extract the files. The search engine
allowed the public to search for and extract, without restriction, 3GPP documents,
including technical contributions and specifications. Using the search engine,
anyone could search for any available file on the 3GPP website and file servers by
logical combinations of keywords and by time periods. Unfortunately, as mentioned
above, the search engine was discontinued in 2023. EX1023.

114. Most TDocs were uploaded to the public file server for public viewing
prior to the relevant meeting (although some TDocs were submitted during or after
meetings in which they were created). 3GPP’s public file repository provides a
reliable mechanism for identifying the date a document was uploaded to the website
for public viewing. When a document is uploaded, the file server automatically
assigns the document a time stamp, an accurate and automatically computer-

generated electronic record of when the document was uploaded, as part of the
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regular business practices of 3GPP. “[T]he time stamp of the Zip file can be relied
upon to indicate when the upload occurred.” EX1025, at “Is it possible to determine
the date and time of publication of a particular version of a 3GPP Spec?”
(https://www.3gpp.org/about-us/3gpp-fags). Thus, the documents are listed with the
date of upload. As an example, in WG2 RL2/TSGR2 81bis/Docs, some documents
were submitted before the April 15-19, 2013, meeting, while others were submitted
after the meeting. EX1026.° For example, R2-131327 was submitted April 6, 2013.

115. This has always been the practice regarding uploading documents to
the 3GPP file repository, and my personal experience further confirms that the time
stamps have always been a reliable way to indicate when a file was uploaded to the
3GPP website.

116. Accordingly, Exhibits EX1005-EX1008; EX1011-EX1014; EX1017-
EX1018; EX1027-EX1028; and EX1037-EX1040 were all publicly accessible and
available before May 10, 2013. In particular, per above procedure, I have accessed
and produced screenshots of directory structures associated with Exhibits EX1011-
EX1014; EX1017-EX1018; EX1027-EX1028; and EX1037-EX1040 below. A
POSITA would have been able to readily access and download the relevant

documents before May 10, 2013.

3 https://www.3gpp.org/fip/tsg_ ran/WG2_ RL2/TSGR2_81bis/Docs
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EX1011 -3GPP TS 36.323 v.11.2.0

v XF Directory Listing /ftp/Specs/arc X =t — 0

& : C m 23 3gpp.org/ftp/Specs/archive/36_series/36.323 %4 o ® :
Gt 3 All Bookmarks
O —E_] 36323-a20.zip 2013/01/01 13:03 398 KB a
[} f\ﬂ 36323-a30.zip 2014/07/02 10:05 3914 KB
] F'_Qj 36323-b00.zip 2012/09/21 1:12 440,3 KB
O EJ 36323-b10.zip 2013/01/01 13:04 4414 KB
-:Lﬂ 36323-b20.zip 2013/03/14 21:16 4416 KB |
] ‘&] 36323-b30.zip 2014/07/02 10:05 434 KB
O —&] 36323-b40.zip 2014/09/18 7:37 4344 KB
O EUJ 36323-c00.z1p 2014/07/03 14:30 437.1 KB
O ‘Exi] 36323-c10.zip 2014/09/18 7:37 4359KB
O fi] 36323-c20.zip 2014/12/22 23:05 4426 KB
d ﬁ 36323-¢30.zip 2015/03/19 14:08 470,9 KB .
EX1012 - 3GPP TS 36.300 v.11.5.0
v 3 Directory Listing /ftp/Specs/arc X 2 = a X
& C M@ % 3gpp.org/fip/Specs/archive/36_series/36.300 xd 5} ®
B 3 All Bookmarks
S e S——— =
O :'kﬂ 36300-b10.zip 2012/03/12 14:08 3892,1 KB
O :’ﬂ 36300-b20.zip 2012/06/27 12:56 3891.6 KB
O Q\J 36300-b30.zip 2012/09/24 8:50 3908,7 KB
] E 36300-b40.zip 2012/12/21 22:18 3952 5KB
EQJ 36300-b50.zip 2013/03/15 16:56 3952,2 KB .
] :QL_] 36300-b60.zip 2013/07/07 11:44 3933.6 KB
O a] 36300-b70.zip 2013/09/19 17:39 39283 KB
O EQJ 36300-b80.zip 2014/01/06 10:53 3936 KB
O :ﬁ 36300-b90.zip 2014/03/19 13:14 39207 KB
O :QJ 36300-ba0.zip 2014/07/01 8:29 3884 KB
M @] 2c200 Lia i AATAINGITR 1792 1070 4 v v
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EX1013 - 3GPP TS 36.322 v.11.0.0

oo
oo

=¥ Directory Listing /ftp/Specsfarc X

0O 00O

O 0000 ®

C M

2] 36322-910.zip
2] 36322-920.2ip
2] 36322-930.zip
2] 36322-a00.zip
2| 36322-600.zip
2] 36322-00.zip
2] 36322-c10.zip
2] 36322-c11.2ip
2 36322-c20.zip

Q_)l 36322-c30.zip

o=

-+

2010/04/21 8:21

2010/06/15 11:59

2010/10/05 22:32

2010/12/10 20:55

2012/09/17 10:32

2014/07/03 13:00

2014/09/22 9:51

2015/01/07 8:34

2015/03/20 7:55

2015/09/16 14:24

EX1014 -3GPP TS 36.331 v.11.3.0

v

¥ Directory Listing /ftp/Specs/are X =+

0O 00O

O0o0O0O@®eD0o

0D OO0 0o

C @ =

2] 36331-al0.zip
R 36331-0m0.zip
2] 36331-b00.zip
2] 36331-610.2ip
R 36331-620.zip
2] 36331-b30.zip
2] 36331-b40.zip
2] 36331-b50.zip
2] 36331-660.2ip
2] 36331-b70.zip
] 36331-680.zip
2] 36331-690.zip
2] 36331-ba0.zip
2] 36331-bb0.zip

911.9KB
906.6 KB
906,5 KB
923,7KB
9194 KB
989.5KB
989.5 KB
989.8 KB
997.2KB

9973 KB

3gpp.org/ftp/Specs/archive/36_series/36.331

2017/09/25 23:56

2018/07/08 20:20

2012/07/02 8:06

2012/09/24 16:19

2012/12/19 11:55

2013/03/15 17:04

2013/07/04 8:35

2013/09/16 19:28

2014/01/06 11:00

2014/03/19 14:00

2014/07/03 13:00

2014/09/23 13:38

2014/12/21 22:15

2015/03/25 16:40

1081,7KB
10853 KB
8945 KB
975,3KB
954,5KB
925.9KB
9359KB
943 4 KB
11998 KB
11555 KB
1127.6 KB
1128,7KB
1127.3KB

11272 KB
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3 All Bookmarks
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EX1017 - 3GPP Tdoc R2-130324

v 3 Directory Listing /ftp/tsg_ran/v. X + B

= C M °s 3gpp.org/ftp/tsg_ran/WG2 RL2/TSGR2 81/Docs  ¥¢ ) d, ®  New Chrome available :
as 3 All Bookmarks

0O 2] r2-130320.zip 2013/01/19 0:36 18,1 KB S

0 2] R2-130321.zip 2013/01/19 0:38 141 KB

O ?_] R2-130322.zip 2013/01/18 12:58 10,1KB

O ?_] R2-130323.zip 2013/01/18 10:32 1474 KB

'ﬂ R2-130324.zip 2013/01/18 15:07 5743 KB

O ?_] R2-130325.zip 2013/01/19 5:14 33,1KB .

O :ll R2-130326.zip 2013/01/19 5:16 33.3KB

O EJ R2-130327.zip 2013/01/19 5:15 37,6 KB

O QJ R2-130328.zip 2013/01/19 5:17 37,6 KB

O ?J R2-130329.zip 2013/01/19 5:19 91,6 KB

O -i] R2-130330.zip 2013/01/19 5:20 91.5KB

O ﬁ R2-130331.zip 2013/01/18 10:09 95.3KB

O ;ﬂ R2-130332.zip 2013/01/18 9:24 189.7KB

O —QJ R2-130333.zip 2013/01/19 7:13 52,6 KB

A v

EX1018 - 3GPP Tdoc R2-131327

v =¥ Directory Listing /ftp/tsg_ran/V. X + = ] X
€« 2> C M ° 3gpp.ora/ftp/tsg_ran/WG2_RL2/TSGR2_81bis/Docs? ¥t o} Y, (@  New Chrome available *
aa 3 All Bookmarks

0 2] Rr2-131322ip 2013/04/05 22:11 249KB o

O 2] Rre-131323.ip 2013/04/05 22:13 253KB

O 2] r2-131324.zip 2013/04/05 15:57 30.7KB

0 2] Rr2-1313252ip 2013/04/05 15:55 30.7KB

O R]re-131326zip 2013/04/06 0:01 71.9KB

EJ R2-131327.zip 2013/04/06 0:06 168.8 KB

0 2] Rre-131328.zip 2013/04/06 2:19 31.5KB

O F_] R2-131329.zip 2013/04/05 17:18 1545KB

O 2] R2-131330.zip 2013/04/05 19:16 823 KB
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VIII. CLAIM CONSTRUCTION

117. It is my understanding that in order to properly evaluate the Challenged
Patents, the terms of the claims must first be interpreted. It is my understanding that
for the purposes of this inter partes review, the claims are to be construed under the
so-called Phillips standard, under which claim terms are given their ordinary and
customary meaning as would have been understood by one of ordinary skill in the
art in light of the specification and prosecution history, unless the inventor has set
forth a special meaning for a term. For the purposes of this declaration, I have given
all the claim terms of the Challenged Claims their plain and ordinary meaning, as
would have been understood by a person of ordinary skill in the art, at the time of
the alleged invention, which I have been asked to assume is May 10, 2013, for all

claims.

IX. CLAIMS 1-5 AND 8-12 ARE UNPATENTABLE

118. I have been asked to provide my opinion as to whether the Challenged
Claims of the 573 Patent would have been obvious in view of the prior art. The
discussion below provides a detailed analysis of how the prior art references
identified below teach the limitations of the Challenged Claims of the *573 Patent.

119. As part of my analysis, I have considered the scope and content of the
prior art and any differences between the alleged invention and the prior art. I
describe in detail below the scope and content of the prior art, as well as any
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differences between the alleged invention and the prior art, on an
element-by-element basis for each Challenged Claims of the ’573 Patent. As
described in detail below, the alleged invention of the Challenged Claims would

have been obvious in view of the teachings of the identified prior art references as

well as the knowledge of a POSITA.

Grounds | Claim(s) Basis

1 1-5 and 8-12 Koskinen

2 1-5 and 8-12 Koskinen, Sammour
3 1-5 and 8-12 Deenoo, Sammour

A. Ground 1: Claims 1-5 and 8-12 Are Obvious Over Koskinen
1. Summary of Koskinen

120. Koskinen (EX1005) is a US patent application publication titled
“Delivery of Protocol Data Units,” with a filing date of April 4, 2013 [pub:
10/9/2014]. In Koskinen, an evolved packet system, such as LTE, includes base
stations that utilize a single PDCP layer that transmits packets for a user equipment
through multiple lower RLC layers prior to being transmitted to the user equipment
(UE). The UE in Koskinen delivers the packets to a single higher PDCP layer after
it receives the packets through at least two RLC layers. As packets may be lost
during a handover from a source base station to a target base station causing gaps in
the data, utilizing a reordering timer in the PDCP like the conventional reordering

timer in the RLC layer is disclosed in Koskinen. In Koskinen, it is described that
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utilizing a reordering timer in the PDCP layer, like in the RLC layer, will ensure that
missing PDCP packets are not missed or that they do not block already received
packets from being sent to the higher layers.

121. In my opinion, Koskinen (EX1005) is analogous art to the 573 Patent.
For example, Koskinen and the 573 Patent are in the same field of endeavor. Both
are directed to addressing analogous issues including “observing a gap in a sequence
of protocol data units received from a plurality of lower-layer protocol entities
providing data transfer” and “starting a timer upon the gap observation.” Koskinen,
Abstract, 418. In Koskinen, like in the ‘573 Patent, a PDCP bearer is terminated at
the eNB (eNodeB) and at the user equipment (UE), and the PDCP bearer is carried
over two independent RLC bearers — one over each of the UE’s two radio interfaces.
Koskinen, 915, 34, Fig. 1; 573Pat., 10:4-12, 11:1-10, Figs. 9, 11.

122.  As described in Koskinen, when multiple RLC bearers are used to send
the data of a PDCP bearer as depicted in Fig. 1 of Koskinen, PDCP protocol units
from the multiple underlying RLC entities may be received in a highly interlaced
manner at the PDCP entity of the UE. Koskinen, 935. Additionally, Koskinen
describes that “the bearer may go into deadlock” during handover when a source
eNB does not forward PDCP protocol data units that have not yet been successfully
delivered to the UE, “because the gaps created by packets that were not forwarded

will never be received.” Id. Hence, “apparatuses and methods for the PDCP entity at
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the user equipment to deduce when not to expect reception gaps to be filled” are

provided by Koskinen. /d., 36.

Primary
LE
Apnl Layer
| - _
PeitPut | L PPt [ PP
|
T | aE
PDCP* :
| RLC B — ! DGt:F:'uk DaLl:ygrnk
: Data Link Layer H—1 WE ST T
! L
WAC i ! Byer
! Physical Physical | Physical {—
Radio L1 | '
‘ S-IP-GiY
LTE-H , :
rado || evu 814 ||
1| |Smel Simpl. i
! ~ | | ]
PF?LEP M GTP | GTPU |
LG JataLink || | Datalik | !
WAC T MAC Layer I Layer i
| | - 1
Radio L1 ! RadoLi Physical I Physical :
1 Carier2 ;
— LTE-HiAP Figure 1
Mult-Radio UE e\B

Koskinen, Fig. 1.

123. Koskinen describes that a timer such as a reordering timer, as depicted
in Fig. 2 of Koskinen, is utilized by certain embodiments of apparatuses and methods
for the PDCP entity at the UE. Id., 437. Koskinen further describes that the timer,
the handling of the timer and the related state variables can be repurposed from RLC
to PDCP. Id. Also, radio resource control (RRC) can configure the expiry value of
the timer. Koskinen, 439. Additionally, per Koskinen, “t-Reordering and a state

variable like VR(UX) can be handled similar to” reordering in the RLC. 1d., 46.
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2. Independent Claim 1

a. Claim 1[pre]: “A method for user equipment receiving
multi-flow data with respect to one evolved packet
system (EPS) bearer through a macro base station
(macro eNB) and a small base station (small eNB)
serving a single cell in a wireless communication system
supporting dual connectivity, the method comprising:”

124. To the extent the preamble is considered limiting, in my opinion,

Koskinen discloses or suggests the preamble.

below:

125. In Koskinen, the following are described and will be further discussed

o “evolved packet system (EPS) bearer...supporting dual connectivity”:

70

ONEPLUS - EX. 1003






Dr. Titus Lo Declaration Inter Partes Review of U.S. Patent No. 10,863,573

E-UTRAN

e “macro base station (macro eNB)”: source eNB

o “small base station (small eNB)”’: target eNB (LTE Hi AP)

o ‘“‘user equipment receiving multi-flow data’: user equipment receiving
PDCP protocol data units from multiple underlying RLC entities

Koskinen, Abstract, 4434-36.

126. Koskinen discloses the preamble because it describes an Evolved
Universal Terrestrial Radio Access Network (E-UTRAN) with dual-connectivity,
utilizing a user plane (U-plane) “having independent RLC in each node.” Koskinen,
9914, 7. Figure 1 of Koskinen, below, shows the U-plane with multiple radios (e.g.,
radio bearers) where the “protocol stacks may be based on having independent RLC
in each node for dual connectivity” and used for “offloading or inter carrier
aggregation” of data. Id., 47, Fig. 1. Also, in Figure 1 of Koskinen, an S-/P-GW
(serving or packet data network gateway) that is connected and sending data to the
system 1s shown. Data is transmitted to user equipment from the S-/P-GW through
the eNB and LTE-Hi AP. It would have been understood by a POSITA that the
combination of the eNB/LTE-Hi AP and gateways is an “evolved packet system
bearer” because it provides a logical connection between the user equipment and the
gateways, facilitating data traffic transport. see *573Pat., 4:30-60 (“E-UTRAN and
the EPC 30 [including S-/P-GW] are integrated to be called an evolved packet
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system (EPS)”).
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Koskinen, Fig.1 annotated

127. The dual-connectivity E-UTRAN of Koskinen provides connectivity
through two separate eNBs, including a source eNB and a target eNB, where the
source eNB “may forward in order to the target eNB all downlink PDCP SDUs
[service data units] with their SN [sequence number]| that have not been
acknowledged by the [user equipment].” Koskinen, 8. A POSITA would have
understood that Koskinen’s source and target eNBs correspond to the claimed
“macro” and “small” eNBs, respectively. Koskinen further explains that in the

configuration shown in Figure 1, where the target (LTE-Hi AP) is referred to as the
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slave eNB and the source as the master eNB, the “PDCP entity at the eNB interfaces
a co-located master RLC entity...[and] a slave RLC entity operating at the LTE-Hi
AP.” Koskinen, q12. The “LTE-Hi AP is an LTE access point that a POSITA would
have recognized as a “small base station” within the context of the 573 Patent
because it is an evolved system [e.g., Long Term Evolution (LTE)] supporting dual-
connectivity.’573Pat., 2:46-48. Additionally, the “LTE-Hi AP” is a lower power
access point that receives data from the source eNB and is dependent on the source
eNB; and a POSITA would have understood that a configuration such as this is
consistent with the description of a small base station provided in ’573
Patent.’573Pat., 1:29-47, 4:37-48. This interpretation is supported because during
prosecution of the *573 Patent the Examiner rejected the same limitations based on
Ohta (US 2012/0182971), disclosing source and target base stations. 573FH.

128. Also, in related Koskinen281 [EX1008], Koskinen281’s Figure 1
(reproduced below) is related to dual connectivity in E-UTRAN and shows
distributed radio link control and independent radio link control options. Here, RLC
PDUs are assigned by the macro eNB and a subset of the RLC PDUs are sent to the
pico eNB as depicted in Figure 1 of Koskinen281. EX1008, 47, Fig. 1). Accordingly,
a POSITA would have recognized based on this that Koskinen’s eNB and LTE Hi
AP are a macro eNB and pico eNB (or similar structure) and operate in the same

manner.
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Koskinen281, Figure 1
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129. Hence, Koskinen discloses an E-UTRAN receiving data from an S- or

P-GW (“evolved packet system (EPS) bearer”) and comprising a source or master

eNB (“through a macro base station (macro eNB)”), a target or slave eNB (an LTE-

Hi AP) (“a small base station (small eNB)”’) supporting “dual connectivity,” and user

equipment.

130. The E-UTRAN of Koskinen sends sequential PDCP data to a user

equipment (UE) by splitting the data and sending it through two radio links with

independent RLCs. Koskinen, 494-17, Fig. 1. Because the “PDCP protocol data units

[are sent] from multiple underlying RLC entities in a highly interlaced manner,” it

would have been understood by a POSITA that the two RLC entities are part of the

same cell. /d., 935. Hence, the source or master eNB and target or slave eNB (“a
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macro base station (macro eNB) and a small base station (small eNB)”) are a system
of radio bearers sending a single stream of data to a user equipment (“serving a
single cell in a wireless communication system”).

131. In Koskinen, it describes the user equipment (UE) “may be a mobile
station (MS) such as a mobile phone or smart phone or multimedia device,” or other
such wireless device. Koskinen, §50. Additionally, unlike in traditional E-UTRAN
models, the user equipment receives PDCP data “over two independent RLC bearers,
one over each of the two radio interfaces of the user equipment.” /d., §434-35. That
is, the user equipment receives “multi-flow data” as described by the 573
Patent. *573Pat., 1:65-2:6. Additionally, it is admitted by the ’573 Patent that each
of the preamble’s elements were well-known to a POSITA at the time of priority
date of the ’573 Patent. 573Pat., 1:29-2:6.

132. Accordingly, it is my opinion that Koskinen (and applicant admitted
prior art) discloses or suggests a method for a user equipment receiving sequential
PDCP data through two radio links (“user equipment receiving multi-flow data with
respect to”’) the E-UTRAN comprising the source and target eNBs, Additionally, as
mentioned above, the ‘573 Patent also admits that the elements of the preamble were

well known to a POSITA at the time of priority date of the ‘573 Patent.
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b. Claim 1[a]: “receiving packet data convergence protocol
(PDCP) packet data units (PDUs) through the macro
base station and the small base station;”

133. In my opinion, Koskinen discloses or suggests this limitation.

134. It is admitted by the ’573 Patent that each element of 1[a] was well-
known to a POSITA at the time of priority date of the ’573 Patent based on the
description in the background section of the ’573 Patent. *573Pat., 2:7-18. For
example, this section of the ‘573 Patent explains the well-known concept of
reception of PDUs at the PDCP layer: “The RLC entity reassembles an RLC service
data unit (SDU) based on the reordered RLC PDU and sequentially the reassembled
RLC SDU to an upper layer (that is, PDCP entity). In the case of the RLC AM, the
RLC PDUs can be sequentially delivered through reordering and retransmission
methods of the RLC PDUs. In other words, the PDCP entity needs to be sequentially
delivered with the RLC SDUs except for reestablishment of the lower layer.”
Additionally, as discussed above for 1[pre], the user equipment of Koskinen receives
“PDCP protocol data units [PDU] from multiple underlying RLC entities in a highly
interlaced manner.” Koskinen, §94-15, 35. Additionally, as shown in Figure 1, the
multiple underlying RLC entities described in Koskinen are part of the source and
target eNBs (“macro base station and the small base station”). Koskinen, 98, 15,

Fig. 1. Accordingly, it is my opinion that Koskinen discloses this limitation.
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¢. Claim 1[b]: “obtaining PDCP service data units (SDUs)
corresponding to the PDCP PDUs; and”

135. In my opinion, Koskinen discloses or suggests this limitation.

136. Koskinen describes the receiving of downlink PDCP SDUs by the UE
from the target eNB when the source eNB sends downlink PDCP SDUs (either itself
or through the target eNB) in the downlink. Koskinen, 48. Koskinen further
describes that after the UE receives the PDCP PDUs, PDCP SDUs may be delivered
to upper layers. Id., 910, 12, 45. Additionally, Koskinen incorporates by reference
3GPP TS 36.323 that describes the “Packet Data Convergence Protocol (PDCP)
specification” and 3GPP TS 36.300 that provides the overall description of an E-
UTRAN. /d., 998, 10; EX1011; EX1012. In 3GPP TS 36.300, it explains that a
PDCP PDU includes a PDCP header and a PDCP SDU. EX1012, §6.3.2. In 3GPP
TS 36.323, it further explains that a PDCP PDU in the user plane includes a PDCP
SDU sequence number (SN) and a compressed or uncompressed PDCP SDU.
EX1011, §6.1. A POSITA with knowledge of the E-UTRAN structure and protocols
would have thus understood that a PDCP SDU is obtained by removing the header
from a PDCP PDU. The portion of the PDCP PDU delivered to the higher layers is
the PDCP SDU. Koskinen, 498, 12, 45.

137. Additionally, it is admitted by the ‘573 Patent that each element of 1[b]
was well-known to a POSITA at the time of priority date of the *573 Patent. *573Pat.,

2:8-18. For example, this section explains obtaining SDUs from the received PDUs
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(13

were already known: “...in the case of the UE in which the multi-flows are
constituted, the RLC entity for the small base station and the RLC entity for the
macro base station are distinguished to receive the respective RLC SDUs and acquire
the PDCP SDU and deliver the acquired PDCP SDU to the upper layer.”

138. Accordingly, Koskinen’s user equipment (UE) receives PDCP PDUs
and obtains the corresponding PDCP SDUs to deliver the PDCP SDUs to higher
layers (“obtain[s] PDCP service data units (SDUs) corresponding to the PDCP
PDUs”). Hence, it is my opinion that Koskinen discloses this limitation.

d. Claim 1][c]: “receiving from the macro base station
information related to an in-sequence timer for the

PDCP SDUs through a radio resource control (RRC)
message,”

139. In my opinion, Koskinen discloses or suggests this limitation.

140. In Koskinen, it describes that the RLC layer of the user equipment (UE)
includes a reordering timer, t-Reordering, used as a time interval to determine
whether ordering of received RLC data is out of order and must be reordered by
waiting for in-sequence RLC data. Koskinen, 994, 16-17; EX1013, §5.1.2.2
(incorporated by reference). In Koskinen, it further describes that, by using a timer,
the PDCP layer or entity of the UE can “deduce when not to expect reception gaps
to be filled.” Koskinen, §936-37. Additionally, Koskinen discloses re-purposing the
timer that operated at the RLC layer to be used at the PDCP layer (“in-sequence

timer”). Per Koskinen, for the PDCP entity to determine that a gap will not be filled,

78
ONEPLUS - EX. 1003





Dr. Titus Lo Declaration Inter Partes Review of U.S. Patent No. 10,863,573

“the timer and its handling, along with the related state variables needed, that are
currently specified for RLC-UM can be repurposed for AM data transfer.” Id., §37.
That is, the reordering timer from the RLC layer, and other state variables associated
with it, is repurposed to be used in the PDCP layer. Because the timer is used by the
PDCP layer, it would have been understood by a POSITA who would have found it
obvious that the repurposed timer was a PDCP timer to determine reordering of
SDUs for sequential delivery to higher layers (“in-sequence timer for the PDCP
SDUs”). Koskinen, §37-39.

141. In Koskinen, it is further described that radio resource control (RRC)
can configure the expiry value of the timer; that is, the “timer's expiry value can be
configured by radio resource control (RRC).” Koskinen, 439, Claims 2&16. Because
Figure 1 of Koskinen (below) discloses a single PDCP entity in the Master/Source
eNB, the Master/Source eNB transmits the RRC, since it is a higher layer than the

PDCP and the RRC originates at the eNB controlling communication. EX1012, §4.1.
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Accordingly, it is my opinion that Koskinen discloses this limitation. Per 3GPP TS

36.331, which describes the “procedures and messages” of RRC, Signalling Radio

Bearers are used by the RRC to send RRC messages. EX1014, §§4.1, 4.2.2. At the

time of priority date of the *573 Patent, it was well-known that the RRC message

was sent from the macro (or source/master) eNB (e.g., base station) because the

macro (or source/master) eNB controls the transmission of data. For example, the

other Koskinen reference, Koskinen281, shows the RRC entity at a higher layer than

the PDCP and operating on the SRB in the control plane. See Koskinen281, Figure

1 below. EX1008, Figure 1. Koskinen281 illustrates a POSITA’s well understood
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knowledge of the hierarchy of a macro/master eNB. EX1012, §4.1. A POSITA
would have recognized and found it obvious that the UE receives RRC “messages”
“from the macro base station” because Koskinen describes UE configuration by

RRC and the RRC configures the UE by using messages sent from the macro base

station.
Distributed RLC Distributed RLC*
( Data Dda \ ( Data Dda )
1 L ]
PDCP RRC PocP ||| ||| RRe b Poce | | RRC }—{ Pocp |
[} ] L] [} [}
Re Hare]| | RLC (Il re {[S||Re] || Rrc |{re|
¥ ¥ [} ¥ ¥ [} [}
MUX MUX De-MUX MUX MUX De-MUX | |De-MUX
[ [] [] [} [} [] [ [ [] [] [} []
(FARD ) [FARD | | (ARD] | | AR ] (FARDY) (FARD ) | (| (AR ] (FARD )| | (BéRD] | | (D] [FARD ] (RO
[PHYICPHY ]| [ [PHY ] LPHY [ PHY |[ PHY | [(AYICPAY]| |CPV]| | CPHY PV ] [PHY ]
(REJCRF]| [CRE| |LREJCREICRED| ||CRECRFD| |[CRF| (CRFEICRFICRF]
CCH  CCR2 CCi | | Co#t COR COH CCH  CCR2 CCA | | CCHf CCR oo
Macro eNB Pico eNB ue Macro eNB Pico eNB Uc
\_(mastermode) (slavemode) ) \_ (mastermode) (slavemode) y,
Figure 1

Koskinen281, Figure 1

e. Claim 1[d]: “wherein the PDCP SDUs are indicated by a
predefined PDCP sequence number (SN),”

142. In my opinion, Koskinen discloses or suggests this limitation.

143.

In Koskinen, it describes “the UE receives a PDCP SDU...deliver it to

higher layer together with all PDCP SDUs with lower SNs.” Koskinen, 48 (quoting
3GPP TS 36.300 §§10.1.2.3 and 10.1.2.3.1). Hence, Koskinen describes that

“downlink PDCP SDUs” have a sequence number (defined in Koskinen as “SN
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Sequence Number”) (“the PDCP SDUs are indicated by a...PDCP sequence number
(SN)). Koskinen, 48, 56. It was well known at the time of the priority date of
the *573 Patent that each PDCP SDU had an associated sequence number. At the
PDCP entity receiving side in the user equipment (UE), reordering uses the PDCP
Sequence Number (SN) that is part of the PDCP header. The reordering process
relies on the PDCP header being intact so that the sequence number (SN) can be
extracted from the PDCP header. The PDCP PDU is received by the PDCP
layer/entity at the UE and the SN is extracted from the PDCP header. The PDCP
SDU is extracted from the PDCP PDU (e.g., header removed from the PDCP PDU)
and the extracted PDCP SDU is sent up to the higher layer. EX1011, §5.2.1.2.
Additionally, 3GPP TS 36.300, which is incorporated by reference in Koskinen,
describes that “[tlhe PDU sequence number carried by the RLC header is
independent of the SDU sequence number (i.e. PDCP sequence number).” EX1012,
§6.2.2.

144. Additionally, this same understanding is presented by the ‘573 Patent
as shown in Figures 12 and 13. In Figure 12, it shows the receiving of PDCP PDUs
with sequence numbers (SNs). *573Pat., 12:30-42. And Figure 13 “illustrates an
example of sequential upper layer transmission depending on the PDCP sequence
number (SN) in the PDCP entity of the UE.” ’573Pat., 14:15-17. The ‘573 Patent

consistently refers to the SN of the SDU and the same SN of the received PDU.
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‘573Pat.,14:23-55, Figs. 12, 13. With respect to Figure 14, it is described in the *573
Patent that the “acquired PDCP SDUs are sequentially present in the order of the
PDCP SN.” ’573Pat., 15:50-53. These are in fact well known aspects of the packet
units, and would have been understood by a POSITA, based on the 3GPP
specifications and operation of E-UTRAN systems, and confirmed by the 573
Patent, that the sequence number (SN) associated with the PDCP PDU that is
received from the lower layer was also associated with the PDCP SDU. The PDCP
SDU is the portion of the PDCP PDU not including the header information (“the
PDCP SDUs are indicated by a...PDCP sequence number (SN)”).

145. Also, the “PDCP SN is maintained on a bearer basis and the source eNB
informs the target eNB about the next DL PDCP SN to allocate to a packet which
does not have a PDCP sequence number yet (either from source eNB or from the
Serving Gateway).” EX1012, §10.1.2.1.2. And the specification (3GPP TS 36.300)
describes that “[a] sequence number (COUNT) is used as input to the ciphering and
integrity protection” and “[a] given sequence number must only be used once for a
given eNB key.” Id., §14.1. Hence, it would have been recognized by a POSITA that
the sequence number was “predefined,” at least because it cannot be reused and thus
must be defined before it can be assigned to the PDCP PDU/SDU. Accordingly, it

1s my opinion that Koskinen discloses or suggests this limitation.
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f. Claim 1[e]: “wherein the RRC message includes a
PDCP-configuration information element (IE), and”

146. In my opinion, Koskinen discloses or suggests this limitation.

147. As discussed above for 1[c], Koskinen describes that the eNB and the
user equipment (UE) include a PDCP layer, and the timer used for PDCP reordering
in the UE is in the PDCP layer. Koskinen, 94, 36-39. Per Koskinen, radio resource
control (RRC) configures the timer. Koskinen, 439, Claims 2 and 16. As discussed
above for 1[c], a POSITA would have recognized that Koskinen’s source eNB sends
an RRC message to configure the UE. As the UE includes a PDCP layer and is
configured by RRC, a POSITA would have recognized and found it obvious that the
RRC included a PDCP configuration information element. PDCP information
elements were well known at the time of priority date of the *573 Patent and were
specified in the 3GPP technical specification 36.331 (shown below). EX1014, p.202.
A POSITA would have referred to the specification for information regarding the
RRC. I have reproduced below an example PDCP configuration IE from TS 36.331.
The IE includes various parameters such as time and sequence values and header
compression. Id., 147. The IE PDCP-Config is used to set the configurable PDCP

parameters for data radio bearers. /d.
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PDCP-Config information element
—— ASWI1START

PDCP-Config ::= SEQUENCE {
discardIimer ENUMERATED {
m=s50, ms100, ms150, ms300, msS00,
ms750, ms1l500, infinity

1 OPTIONAL, —-— Cond Setup
rlc-aM SEQUENCE {
statusReportReguired BOOLEAN
} OPTICHAL, —-- Cond Rlc-2M
rlc-UM SEQUENCE {
pdep-SH-Size ENUMERATED {len7bits, lenlZbits}
} OPTICOHAL, —-- Cond Rlc-TM
headerCompression CHOICE {
notUzed HULL,
rohc SEQUENCE {
maxCID INTEGER ({1..16383) DEFAULT 15,
profiles SEQUENCE {
profiledx0001 BOOLEAN,
profiledx0002 BOOLEAN,
profile0x0003 BOOLEAN,
profile0x0004 BOOLEAN,
profiledx0006 BOOLEAN,
profiledx0101 BOOLEAN,
profiledx0102 BOOLEAN,
profiledx0103 BOOLEAN,
profiledx0104 BOOLEAN
b
}
Tr
noog
rn-IntegrityProtection-rl0 ENUMERATED {enabled} OPTICHAL —-- Cond RN
r
[ pdep-SH-5ize-v1130 ENUMERATED {lenlSbhits} OPTIONAL —- Cond Rlc-AM2
¥
—— ASN1STOP

EX1014, p.202
148. Additionally, Koskinen describes that “the PDCP bearer terminated at
the user equipment and the eNB is carried over two independent RLC bearers”.
Koskinen, 415. A POSITA would have understood that a PDCP bearer is a logical
connection between the UE and eNB that is always configured by the PDCP
configuration information element (IE) in RRC messages.
149. Accordingly, it is my opinion that Koskinen discloses or suggests this

limitation.
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g. Claim 1[f]: “the PDCP-configuration IE includes a field
indicating a value of the in-sequence timer.”

150. In my opinion, although Koskinen does not explicitly describe a
configuration IE field for the in-sequence timer, this limitation would have been
obvious based on Koskinen’s disclosures.

151. As discussed above for 1[c] and 1[e], Koskinen describes a PDCP
reordering timer that is configured by RRC. Additionally, Koskinen discloses that
the PDCP timer uses variables like those used for the RLC-UM (radio link control —
unacknowledged mode). Koskinen, 4937-38, 56. Hence, information elements (IEs)
that specified an RLC reordering timer would have been known by and familiar to a
POSITA based on (1) the POSITA’s general familiarity that IEs carried information
in RRC messages, and (2) 3GPP technical standards, for example, 3GPP TS 36.331
that described an IE that carried reordering timer duration information for the RLC
layer, as shown below (EX1014, 219-220). Therefore, it would have been obvious
to a POSITA that the PDCP timer information, which used similar variables as its
RLC counterpart (Koskinen, 9937-38), would also be carried in a PDCP-

configuration IE.

T-Reordering ::= EMUMERATED {
m=20, m=5, m=10, m=15, m=20, m=s2S5, ms30, m=35,
m=40, ms45, m=s50, m=55, m=s60, m=s&5, m=70,
m=75, ms30, ms35, m=50, m=sS55, m=100, ms110,
m=2120, m=130, m=s140, ms150, m=s160, ms170,
m=180, m=190, m=200, sparel}

EX1014, 219-220.
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152. Additionally, a POSITA would have been motivated and would have
had a reasonable expectation of success to include a variable or a field in the PDCP
configuration sent by the RRC message to specify the timer expiration duration. A
reason for this is that it would have allowed the UE timer to be reliably set through
a known methodology that was already included in the 3GPP specification.
Including such a variable as part of an IE would have required nothing more than
the application of known, conventional techniques, such as using the RRC message
to set parameters in a UE conveyed through a field in a configuration element, to
yield predictable results, such as setting parameters to set timers in the UE, as
explained in Koskinen. Using such a technique was well within the skill of a
POSITA.

153. Additionally, Koskinen describes that “[t]he timer's expiry value can be
configured by radio resource control (RRC).” Koskinen, 939, Fig. 2. A POSITA
would have reasonably inferred that, given the timer's association with PDCP, its
expiry value would be a parameter, or sub-element, within the PDCP configuration
IE conveyed via RRC messaging. As such, a POSITA would have recognized that
this parameter would necessarily be represented as a distinct field within the IE.

154. Accordingly, it is my opinion that Koskinen discloses or suggests this

limitation.
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3. Claim 2: “The method of claim 1, further comprising:
confirming the respective PDCP SNs of the obtained PDCP SDUs
and performing in sequence delivery of the PDCP SDUs to an
upper layer from a PDCP entity according to the PDCP SN.”

155. In my opinion, Koskinen discloses or suggests this limitation.

156. Claim 2 states the unremarkable and well-understood principle within
E-UTRAN systems of the user equipment (UE) forwarding sequential PDCP data
packets to higher levels. That said, Koskinen also discloses this well-known PDCP
function or “in-sequence delivery of upper layer PDUs at re-establishment of lower
layers” where “protocol stacks may be based on having independent RLC in each
node for dual connectivity.” Koskinen, 496-7.

157. For example, at stage-3 (i.e., PDCP layer), “this principle looks as
follows in 3GPP TS 36.323 [Packet Data Convergence Protocol (PDCP)
specification] §§5.1.2, 5.1.2.1, and 5.1.2.1.2:

‘... 1f the PDCP PDU received by PDCP is not due to the
re-establishment of lower layers: deliver to upper layers
in ascending order of the associated COUNT value: all
stored PDCP SDU(s) with an associated COUNT value
less than the COUNT value associated with the received
PDCP SDU; all stored PDCP SDU(s) with consecutively
associated COUNT value(s) starting from the COUNT

value associated with the received PDCP SDU . ..."”
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Id., 910. That is, the 3GPP specification describes that delivering sequential SDUs
to upper layers as normal. The reason is that “the system assumes that no PDU with
lower SN will follow after the one received, and deliver SDUs to higher layer
accordingly.” Koskinen, q11. Additionally, “the system refrains from any SDU
delivery to higher layer that would leave a hole in the SN sequence of delivered
SDUs.” Id., §12-13. [In Koskinen, PDCP SN is associated/equivalent to the COUNT
value. Koskinen, 947.]

158. Hence, in accordance with the 3GPP specifications, Koskinen discloses
tracking PDCP SDU sequence numbers (“confirming the respective PDCP SNs of
the obtained PDCP SDUs”) and delivering them sequentially to higher levels
(“performing in sequence delivery of the PDCP SDUs to an upper layer from a
PDCP entity according to the PDCP SN”). Accordingly, it is my opinion that
Koskinen discloses or suggests this limitation.

4. Claim 3

a. Claim 3[a]: “The method of claim 2, further comprising:
confirming whether there is a PDCP SDU of PDCP SN
#n—1 which is missed notwithstanding obtaining a PDCP
SDU of PDCP SN #n; and”

159. In my opinion, Koskinen discloses or suggests this limitation.
160. In Koskinen, it is contemplated that the PDCP data units are received
out of order by the UE of Koskinen (Koskinen, 435) and it describes “observing a

gap in a sequence of protocol data units received from a plurality of lower-layer
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protocol entities providing data transfer.” Koskinen, §918, 21, 24. For instance, as
shown in Figure 2 of Koskinen below, the “gap in the received protocol data units is
observed at 310, such as by observing a gap in a sequence of protocol data units.”

1d., q38. As described in Koskinen, gap detection occurs at the user equipment (UE).

1d., §35-36.

/ 310 / 350
370 Observe Gap in Configure Timer’s

/ PDCP PDUs Expiry Value
Activate Timer | y ~ 320 360

Setting Timer
+/ 380 Start Timer -<¢—— Longer Than Normal

Delivery
Deactivate Timer +/ 330

Timer Expires

y ~ 340

Prevent Gap from
Blocking Delivery of
SDUs

Koskinen, Fig. 2 annotated.

161. As discussed above in 1[d], on the receiving side such as when data is
received at the UE from a base station, the data packets that are passed up from a
current layer to the layer above are considered SDUs from the perspective of the
current layer, and these data packets are considered PDUs from the perspective of
the receiving layer. Hence, in Koskinen Figure 2 that shows the process at the PDCP

layer, the received PDUs by the PDU layer correspond to the SDUs sent by the RLC
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layer. Id. Thus, when Koskinen references PDCP data units in connection to element
310 in Figure 2, Koskinen is referring to SDUs that are passed up by the RLC layer,
and received at the PDCP layer.

162. Koskinen discloses using sequence numbers to identify PDCP SDUs
(see element 1[d] in Ground 1). Therefore, it would have been understood and would
have been found obvious by a POSITA that detecting gaps in the sequence of PDCP
PDUs (and the corresponding SDUs) indicates that previous data packet (i.e., with
“SN #n-1"") was not received, while the current data packet (i.e., with “SN #n”) has
been received. Hence, by detecting gaps in PDU reception at the UE, the current
PDU is received but the previous PDU is missed (“PDCP SN #n—1 which is missed
notwithstanding obtaining a PDCP SDU of PDCP SN #nr”). Accordingly, it is my
opinion that Koskinen discloses or suggests this limitation.

b. Claim 3[b]: “driving the in-sequence timer with respect
to the PDCP SDU of PDCP SN #n when there is the
PDCP SDU of PDCP SN #n—1 which is missed.”

163. In my opinion, Koskinen discloses this limitation.

164. In Koskinen, it further describes that “certain embodiments utilize a
timer, such as a reordering timer” that “can be started at 320 whenever a gap in the
received protocol data units is observed at 310, such as by observing a gap in a

sequence of protocol data units” as shown below in Figure 2. Koskinen, 99 37-38.
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/ 310 / 350

370 Observe Gap in Configure Timer’s
Z PDCP PDUs Expiry Value

Activate Timer y ~ 320 360
’ Setting Timer

+ s 380 Start Timer <¢— Longer Than Normal

Delivery
Deactivate Timer Y y ~ 330

Timer Expires

y ~ 340
Prevent Gap from

Blocking Delivery of
SDUs

Koskinen, Fig. 2 annotated.

165. As discussed above in 1[c], a POSITA would have recognized and
found it obvious that the reordering timer is an “in-sequence” timer. Additionally, a
POSITA would have found it obvious that to “drive” a timer is to start the timer,
which is consistent with the disclosure of the *573 Patent. *573Pat., 13:4-7 (when an
SDU is received a timer starts); 13:18-27 (driving the timer for every SDU
processed). Accordingly, it is my opinion that Koskinen discloses this limitation.

5. Claim 4

a. Claim 4[a]: “The method of claim 3, wherein before the
in-sequence timer for the PDCP SDU of PDCP SN #n has
expired, when the PDCP SDU of PDCP SN #n—1 is
obtained,”

166. In my opinion, Koskinen discloses this limitation.

167. 1In Koskinen, it describes that the timer can be set “long enough so that
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the timer does not expire during normal delivery delay of protocol data units sent
by the eNB to the user equipment via a small-cell node, for example, including all
possible HARQ and ARQ retransmissions at MAC and RLC level therein,
respectively.” Koskinen, 439. That is, the timer duration should be set longer than a
normal delay in the transmission of the PDU so that the missing PDU is received
before the timer expires. Additionally, Koskinen describes a “forwarding-status
report [that] can be a new PDCP control PDU” from the eNB to “tell the user
equipment (after handover) at 410, which protocol data unit sequence numbers (PDU
SNs) the user equipment should expect to receive.” Koskinen, 940. Hence, Koskinen
discloses the timer is set longer than an expected delay, and the eNB tells the UE to
expect certain missed PDCP PDUs (as determined by the gap). Koskinen further
describes that the procedures utilizing the timer are part of the PDCP procedure.
Koskinen, 9945-46. Furthermore, TS 36.322 section 5.1.2.2.3 describes the PDU
reordering operation of the RLC entity before the expiration of the #-Reordering
timer. EX1013, §5.1.2.2.3.

168. Therefore, a POSITA would have recognized that, at least in certain
circumstances, the UE will receive the missing PDCP PDU (“the PDCP SDU of
PDCP SN #n—1 is obtained”) because the eNB has indicated that the PDU was sent
and the timer would not expire before it is received (“before the in-sequence timer

forthe PDCP SDU of PDCP SN #n has expired”’). Accordingly, it is my opinion that
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Koskinen discloses this limitation.
b. Claim 4[b]: “the PDCP SDU of PDCP SN #n—1 and the

PDCP SDU of PDCP SN #n are delivered to the upper
layer according to the order of the PDCP SN.”

169. In my opinion, Koskinen discloses or suggests this limitation.

170. In Koskinen, it describes “apparatuses and methods for when a PDCP
entity receiving protocol data units from multiple RLC-AM entities should and
should not assume gap-less reception of protocol data units, and how to deliver
Service data units to higher layer accordingly.” Koskinen, 444. As discussed above
for claim 2, when the correct sequence of PDCP SDUs is received, they are delivered
to higher layers. Delivering consecutive PDCP PDUs without gaps is further
described in “embodiments in which both a timer and a forwarding-status report are
included.” Koskinen, 945. For example, before the expiry of a reordering timer that
can be started when a gap in the sequence numbers (SNs) of the PDCP PDUs is
detected and where the gap is no longer permitted to block delivery of the PDCP
SDUs to the upper layer upon expiry of the reordering timer, the following may be
implemented to deliver the PDCP SDUs to the upper layer in order according to the
SN. Koskinen, 938, 45. Based on the received PDCP SDU, first transmit to the upper
layer in ascending order of the associated COUNT value all stored PDCP SDU(s)
with an associated COUNT value less than the COUNT value associated with the

received PDCP SDU. [i.e., this means to check if there are any stored PDCP SDU
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that arrived before the PDCP SDU that was just received and deliver them in order. ]
Second, beginning with the COUNT value associated with the received PDCP SDU,
transmit all stored PDCP SDU(s) with consecutively associated COUNT value(s) to
the upper layer in ascending order of the associated COUNT value. [i.e., if received
PDCP SDU (e.g. PDCU SDU 101) arrives, and e.g., PDCP SDU 102 and PDCP
SDU 103 are already stored in the PDCP entity, transmit PDCP SDUs 101, 102 and
103 in order to the upper layer.] Then set Last Submitted PDCP_RX SN to the
PDCP SN of the last PDCP SDU delivered to the upper layer, to track the last SN
delivered to the upper layer and to know what to expect next. Also, if the received
PDCP SN = Last Submitted PDCP_RX SN + 1 or received PDCP SN =
Last Submitted PDCP_RX SN — Maximum PDCP SN, transmit to the upper
layer in ascending order of the associated COUNT value all stored PDCP SDU(s)
with consecutively associated COUNT value(s) starting from the COUNT value
associated with the received PDCP SDU. Koskinen, 945. [Received PDCP SN =
Last Submitted PDCP RX SN — Maximum PDCP SN is to account for the wrap-
around case when received PDCP SN=0 if Last Submitted PDCP_RX SN is equal
to the Maximum PDCP SN possible]. Accordingly, it is my opinion that Koskinen

discloses or suggests this limitation.
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6. Claim 5: “The method of claim 2, wherein when the in-
sequence timer for the PDCP SDU of PDCP SN #n has expired,
the PDCP SDU of PDCP SN #n is delivered to the upper layer of
the PDCP entity even though there is no PDCP SDU of PDCP SN
#n—1.”

171. In my opinion, Koskinen discloses or suggests the limitations of Claim

172. In Koskinen, it describes that “[o]nce the timer expires at 330, that gap
1s no longer allowed to block delivery of service data units to higher layer, at 340.”
Koskinen, 938. That is, “[p]Jreventing the block of delivery can be carried out by
proceeding with the delivery of service data units to the higher layer without a
delay caused by waiting for protocol data units.” Id. Hence, the PDCP layer may
“deliver other Service data units to higher layer, as if a PDCP Data PDU with that
PDCP SN was received.” Id., §47. Koskinen further describes that the procedures
utilizing the timer are part of the PDCP procedure. Koskinen, §945-46. Furthermore,
TS 36.322 section 5.1.2.2.4 describes the PDU reordering operation of the RLC
entity when the #-Reordering timer expires. EX1013, §5.1.2.2.4.

173. Accordingly, it would have been found obvious by a POSITA that all
of the stored PDCP SDUs are delivered to the higher layer and that the delivered
SDUs include the received SDU that triggered the detected gap (“the PDCP SDU of
PDCP SN #n is delivered to the upper layer of the PDCP entity even though there is

no PDCP SDU of PDCP SN #n—1"). Accordingly, it is my opinion that Koskinen
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discloses or suggests the limitations of Claim 5.

7. Independent Claim 8

Claim 8: “A user equipment (UE) for receiving multi-
flow data with respect to one evolved packet system
(EPS) bearer through a macro base station (macro eNB)
and a small base station (small eNB) serving a single cell
in a wireless communication system supporting dual
connectivity, the UE comprising: a receiving unit
receiving packet data convergence protocol (PDCP)
packet data units (PDUs) through the macro base station
and the small base station and receiving from the macro
base station information related to in-sequence timer for
the PDCP SDUs through a radio resource control (RRC)
message; and a processor obtaining PDCP service data
units (SDUs) corresponding to the PDCP PDUs, wherein
the PDCP SDUs are indicated by a predefined PDCP
sequence number (SN), wherein the RRC message
includes a PDCP-configuration information element
(IE), and the processor determines the value of in-
sequence timer based on the PDCP-configuration IE.”

174. In my opinion, Koskinen discloses or suggests the limitations of Claim

175. Koskinen discloses claim 8 for substantially the same reasons as claim
1 (see elements 1[pre]-1[f] in Ground 1) because the claims are substantively
identical and Koskinen further discloses a user equipment including a receiving unit
and a processor. Koskinen, 448; compare claim limitations 1[pre]-1[f] with claim
limitations 8[pre]-8[f].

176. Claim 8[pre] is substantially similar to 1[pre], except it recites a “user

equipment” for performing functions instead of a “method.” As discussed above,

97
ONEPLUS - EX. 1003





Dr. Titus Lo Declaration Inter Partes Review of U.S. Patent No. 10,863,573

Koskinen describes the recited steps are performed by a UE.

177. Additionally, with regards to limitation 8[a], Koskinen describes a
transceiver is included in the UE, as shown below in Figure 4. Koskinen, 448, Fig.
4. The transceiver may be “a transmitter, a receiver, or both a transmitter and a
receiver, or a unit or device that may be configured both for transmission and
reception.” Id., §49. Koskinen also describes that the UE receives PDCP PDUs and
RRC messages. Id., 998-14, 35, 39, 42. Moreover, 3GPP TS 36.331 expressly
specifies that the Radio Resource Control (RRC) protocol is for the radio interface
between UE and E-UTRAN. EX1014, p. 14. It would have been understood by a
POSITA that the RRC messages used to configure the UE are received over a radio

interface by Koskinen’s receiver as part of the transceiver.
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Koskinen, Fig. 4 annotated.

178. Regarding limitation 8[c] and 8[f], Koskinen describes the UE includes
a processor, shown above in Figure 4. Koskinen, 948, Fig. 4. In Koskinen, it
describes that the processor carries out the embodiments described in Koskinen. /d.,

q51. For instance, Koskinen explains that the processor performs the following
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functions: “observing a gap in received protocol data units, starting a timer upon the
gap observation and preventing the gap from blocking delivery of service data units
to a higher layer, when the timer expires.” Id., 451. Additionally, the processor
executes software that may perform a process such as one of the processes disclosed
in Koskinen. /d., §952-54. Hence, it would have been understood by a POSITA that
the processor processes the received data from the macro and small base stations
because it executes software that perform those functions.

179. The table below provides a correlation of the reasons why Koskinen

discloses the limitations of claim 1 with limitations 8[a]-8[f].

Claim 8
Limitation | Substantially Similar Limitation(s)
8[pre] 1[pre]
8[a] 1[a]
8[b] 1[c]
8[c] 1[b]
8[d] 1[d]
8[e] 1[e]
8[f] 1[f]

8. Claim 9: “The UE of claim 8, wherein the processor
confirms the processor confirms the respective PDCP SN of the
obtained PDCP SDUs and performs in-sequence delivery of the
PDCP SDUs to an upper layer from a PDCP entity according to
the PDCP SN.”

180. In my opinion, Koskinen discloses the limitations of claim 9.

181. In Koskinen, it discloses claim 9’s additional limitations for the reasons
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discussed for claim 2. Claim 9 is substantially similar to claim 2, except that the
processor performs functions equivalent to the method steps in claim 2. As explained
above for claim 8, the processor executes software to perform the embodiments and
functions disclosed in Koskinen. Hence, it would have been understood by a
POSITA that the processor in the UE of Koskinen performs the functions of claim 9
for the same reasons Koskinen discloses the limitations of claim 2.
9. Claim 10: “The UE of claim 9, wherein the processor
confirms whether there is a PDCP SDU of PDCP SN #n—1 which
is missed notwithstanding obtaining a PDCP SDU of PDCP SN
#n; and drives the in-sequence timer with respect to the PDCP

SDU of PDCP SN #n when there is the PDCP SDU of PDCP SN
#n—1 which is missed.”

182. In my opinion, Koskinen discloses the limitations of claim 10.

183. In Koskinen, it discloses claim 10’s additional limitations for the
reasons discussed for claim 3. Claim 10 is substantially similar to claim 3, except
that the processor performs functions equivalent to the method steps in claim 3. As
explained above for claim 8, the processor executes software to perform the
embodiments and functions disclosed in Koskinen. Hence, a POSITA would have
understood that the processor in the UE of Koskinen performs the functions of claim

10 for the same reasons Koskinen discloses the limitations of claim 3.
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10. Claim 11: “The UE of claim 10, wherein the processor
delivers, when the in-sequence timer for the PDCP SDU of PDCP
SN #n has expired, the PDCP SDU of PDCP SN #n to the upper
layer of the PDCP entity even though there is no PDCP SDU of
PDCP SN #n—1.”

184. In my opinion, Koskinen discloses the limitations of claim 11.

185. In Koskinen, it discloses claim 11’s additional limitations for the
reasons discussed for claim 5. Claim 11 is substantially similar to claim 5, except
that the processor performs functions equivalent to the method steps in claim 5. As
discussed above for claim 8, the processor executes software to perform the
embodiments and functions disclosed in Koskinen. Hence, it would have been
understood by a POSITA that the processor in the UE of Koskinen performs the
functions of claim 11 for the same reasons Koskinen discloses the limitations of
claim 5.

11. Claim 12: “The UE of claim 10, wherein the processor
delivers, before the in-sequence timer for the PDCP SDU of PDCP
SN #n has expired, when the PDCP SDU of PDCP SN #n—1 is
obtained, the PDCP SDU of PDCP SN #n—1 and the PDCP SDU

of PDCP SN #n to the upper layer according to the order of the
PDCP SN.”

186. Inmy opinion, for the reasons discussed for claim 4, Koskinen discloses
the limitations of claim 12. Claim 12 is substantially similar to claim 4, except that
the processor performs functions equivalent to the method steps in claim 4. As
discussed above for claim 8, the processor executes software to perform the

embodiments and functions disclosed in Koskinen. Hence, it would have been
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understood by a POSITA that the processor in the UE of Koskinen performs the
functions of claim 12 for the same reasons Koskinen discloses the limitations of

claim 4.

B. Ground 2: Claims 1-5 and 8-12 Are Obvious Over Koskinen and
Sammour

187. As discussed in Ground 1 for claim element 1[c], Koskinen discloses a
PDCP reordering timer used to account for gaps in received PDCP PDUs from
multiple RLC layers. Koskinen further discloses that RRC is used to configure the
timer. /d. And as also discussed in 1[f], a POSITA would have found it obvious that
the PDCP configuration IE in the RRC message would have a variable or a field
specifying the duration of the reordering timer.

188. The obviousness of the claims and specifically elements 1[e] and 1[f]
are further confirmed by the combination of Koskinen and Sammour, which renders
obvious the duration of the timer being used as a variable in the PDCP configuration
section of the RRC. A POSITA would have been motivated to look to Sammour to
implement the timer of Koskinen because Sammour is in the same field as Koskinen.
Provided below are additional reasons as to why a POSITA would have been
motivated to combine these references.

1. Sammour

189. Sammour (EX1006) is a US patent application publication titled

“Method and Apparatus for Supporting Configuration and Control of the RLC and
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PDCP Sub-layers,” with a filing date of December 5, 2008 [pub: 6/11/2009]. In my
opinion, Sammour (EX1006) is analogous art to the *573 Patent because it is in the
same field. Sammour. Both are directed to addressing similar problems by
implementing “support configuration and/or control of the radio link control (RLC)
and packet data convergence protocol (PDCP) sub-layers by defining and utilizing
radio resource control (RRC) parameters and procedures, and by including
information elements (IEs) in RRC messages in both the uplink and downlink for
RLC and PDCP configuration.” Id., Abstract. For instance, per Sammour, “[i]n
evolved UMTS systems including LTE systems, there is need to define and
configure new...PDCP parameters...and/or the procedures and messages that will
carry those parameters so that the communication devices in the system, including
WTRUs and eNBs, operate properly, and their various functions and sub-layers are
controlled and configured properly.” Sammour, §14. In that regard, Sammour
discloses “a PDCP Flush Timer IE to indicate to the WTRU the value of the flush
timer that the WTRU should use to stop reordering for” the particular radio bearer.
1d., 152

2. Motivation to Combine Koskinen and Sammour

190. A POSITA would have found it obvious and would have been
motivated to combine Koskinen with Sammour, and specifically to use Sammour’s

PDCP timer operations (e.g.,“flush timer”) in Koskinen’s RRC. In Koskinen, it
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describes that its PDCP reordering timer’s “expiry value can be configured by radio
resource control (RRC).” Koskinen, 439. Even if it is argued or found that
Koskinen’s disclosure does not render obvious a “PDCP-configuration IE” that
provides the value for Koskinen’s PDCP reordering timer, a POSITA would have
consulted additional references that provided further information on methods and
techniques to deliver the timer information for Koskinen’s PDCP timer to the user
equipment (UE).

191. Koskinen and Sammour are in the same field of technology and a
POSITA would have consulted Sammour, which is particularly directed to providing
“new...PDCP parameters” to enable the proper operation of user equipment in
“evolved UMTS systems including LTE systems.” Sammour, 414, 20. Evolved
packet systems (LTE) and RRC configuration of a UE (e.g., wireless
transmit/receive unit [WRTU]) are both disclosed by Sammour and Koskinen.
Sammour, 494, 6-9, 14; Koskinen, q94-7, 39. Sammour describes an E-UTRAN LTE
wireless communication system that includes a WTRU (i.e. UE) and an evolved
Node B (eNB). Sammour, 96-8. Sammour’s UE/WTRU and base station (eNB) each
includes radio resource control (RRC) layer/entity(s) where the “RRC sublayer...,
part of layer 3, handles the control signaling of layer 3 between the WTRU and the
eNB.” Sammour, 97. And, Koskinen also discloses a E-UTRAN system supporting

eNBs and UE where a UE parameter (e.g., timer expiry value) can be configured
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using RRC. 494-9, 39, 48

192. Like Koskinen, Sammour utilizes RRC to configure a PDCP timer for
reordering at the UE (WRTU) including the value for the PDCP timer. Sammour,
N4148-153; Koskinen, 439. Sammour discloses a PDCP “Reordering Stop Mode IE,”
included in an RRC message, that is used by the eNB to indicate to the UE and the
UE’s PDCP entity “whether it should use the timer mechanism (e.g. Flush Timer) to
stop reordering following handover, or whether it should use stop reordering after
all stored PDCP SDUs have been delivered to upper layers.” Sammour, 49148-150.
Additionally, Sammour discloses a PDCP “Flush Timer IE,” also included in an
RRC message, that is used by the eNB to indicate to the UE (WTRU) “the value of
the flush timer that the WTRU should use to stop reordering.” Sammour, §J151-153.
Sammour’s PDCP flush timer is quite similar to Koskinen’s PDCP reordering timer
as they are both used to stop reordering at the PDCP layer and their expiry values
are both configured via RRC. Sammour, §4151-153; Koskinen, 936-39. A POSITA
would have recognized the similarities between Sammour’s PDCP “flush timer”” and
Koskinen’s PDCP reordering timer and would have been motivated to combine the
teachings of Sammour and Koskinen and would have found it obvious to also use a
PDCP configuration IE in an RRC message, just like Sammour, to deliver
Koskinen’s timer information to the UE. Accordingly, a POSITA would have been

guided by Sammour’s explanation that RRC information elements (IEs) were used
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to provide PDCP configuration information to similarly provide PDCP timer
information of Koskinen through a PDCP configuration IE delivered via a RRC
message.

193. Also, a POSITA would have been motivated to combine the teachings
of Sammour and Koskinen because the combination would have provided a way to
reliably provide Koskinen’s timer information to the UE using nothing more than
known and conventional methods that would lead to predictable results. According
to Koskinen, it had been already well known (e.g., via 3GPP TS 36.322) to use a
reordering timer at the RLC layer such as “t-Reordering” that “is a timer that is used
by the receiving side of an AM RLC entity and receiving UM RLC entity in order
to detect loss of RLC PDUs ” and deliver stored and undelivered RLC SDUs to the
“upper layer in ascending order of the RLC SN upon expiry of the timer. Koskinen
9916-17. And Koskinen teaches that the reordering timer that had been known and
used at the RLC layer can also be implemented/’repurposed” at the PDCP layer in a
similar way. Koskinen 437-39. And Sammour discloses that it had been previously
known that “[tlhe RRC sublayer provides PDCP and RLC configuration
parameters...as part of the radio resource configuration for configuration of the
PDCP and RLC in the receiving entity (WTRU or eNB) by the transmitting entity
(eNB or WTRU).” Sammour, 413. Sammour also discloses in Table 1 of Sammour

“a conventional radio resource configuration including PDCP and RLC
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configuration parameters.” Sammour, q14. And Sammour also provides for
supporting configuration and control of the PDCP at the UE using RRC parameters
via for example its PDCP “Reordering Stop Mode IE” and PDCP “Flush Timer” IE
discussed above. Sammour, §915. 148-153. Hence, the combination of Koskinen and
Sammour would have provided known and reliable conventional methods and
techniques such as the reordering timer and using a RRC message to deliver PDCP
configuration parameters to the UE.

194. Accordingly, a POSITA would have also been motivated to combine
the teachings of Sammour and Koskinen because it would have been obvious that
this combination would have provided a reliable and established way to provide
Koskinen’s timer information to the UE using nothing more than known and
conventional methods (using the PDCP configuration IE delivered via the RRC
message to set parameters in a UE) to yield predictable results (setting parameters
to set timers in the UE) as described in Koskinen and Sammour. Koskinen, q914-17,
37-39; Sammour, 14-15.

195. A POSITA would have also reasonably expected to have been
successful in using the enhanced RRC information elements (IEs) of Sammour for
controlling the start and expiry of the PDCP reordering timer of Koskinen, as
Sammour showed that using such a technique of adding information elements (IEs)

to an RRC [e.g., adding its PDCP Flush Timer IE to a RRC message] was well within
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the capabilities of someone skilled in the art. Sammour, §9151-153. Moreover, as
discussed above, sending a value for the reordering timer to a UE would have been
a merely routine application of known, conventional configuration of a UE, in an
evolved packet system. Applying Sammour’s disclosures to Koskinen would have
been merely applying Sammour’s known technique expanding the RRC message to
include new information elements (IEs) to enhance Koskinen’s gap detection and
PDCP SDU forwarding system and methods in a similar way.

3. Independent Claims 1 and 8

196. In my opinion, the combination of Koskinen and Sammour renders
obvious 1[e] (“the RRC message includes a PDCP-configuration information
element (IE)”) and/or 1[[f] (“the PDCP-configuration IE includes a field indicating
a value of the in-sequence timer”).

197. Koskinen describes that its PDCP reordering timer is configured using
RRC. Koskinen, 939. Koskinen further describes that activation of the timer is also
controlled by RRC. /d., §42.

198. Sammour describes similar evolved UTRANs communicating with
UEs. Sammour, 4. In Sammour, the UE is equivalent to a WTRU (wireless
transmit/receive unit) and is referred to as WTRU throughout Sammour. Sammour,
9914, 20. Sammour further describes a need to expand the RRC with respect to the

PDCP to properly control and configure the functions of the UE. Id., §14. Sammour
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describes that “[i]nformation elements (IEs) are introduced herein for some of the
features and functions of PDCP, and/or certain procedures that will make use of
those IEs.” Sammour, §21. These IEs are transmitted in a downlink RRC message
to the user equipment (UE). /d., 423. In that regard, Sammour discloses PDCP IEs
that “can be applied on a per-Radio Bearer basis.” Id., §141.

199. For example, Sammour discloses the “Reordering Stop Mode IE.” /d.,
148. Just as with the activation of the reordering timer in Koskinen (Koskinen, 942),
Sammour describes that “[tlhe eNB uses a PDCP Reordering Stop Mode IE to
indicate to the WTRU that the WTRU PDCP entity whether it should use the timer
mechanism (e.g. Flush Timer) to stop reordering following handover, or whether it
should use stop reordering after all stored PDCP SDUs have been delivered to upper
layers” (Sammour, 4149). Additionally, Sammour discloses a “Flush timer IE...to
indicate to the WTRU the value of the flush timer that the WTRU should use to stop
reordering for this RB.” Sammour, §152. Hence, Sammour discloses a timer duration
to be used for reordering in the PDCP.

200. Per the reasons that I discussed earlier, a POSITA would have found it
obvious and would have been motivated to incorporate Sammour’s PDCP timer
activation and duration in Koskinen so that “WTRUs and eNBs, operate properly,
and their various functions and sub-layers are controlled and configured properly.”

Sammour, §14.
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201. Hence, it is my opinion that the combination of Koskinen and Sammour
renders limitations 1[e] and 1[f], and the entire claim 1, obvious.

4. Dependent Claims 2-5, 8-12

202. Regarding dependent claims 2-5 and 9-12, in my opinion the
combination of Koskinen and Sammour discloses these dependent claims for the
reasons discussed above.

C. Ground 3: Obvious Over Deenoo and Sammour
1. Deenoo

203. Deenoo (EX1007) is a US patent application publication titled “Packet
Data Convergence Protocol (PDCP) Placement,” with a filing date of January 17,
2013 [pub: 7/21/2016]. In my opinion, Deenoo (EX1007) is analogous art to the *573
Patent because it is in the same field and directed to addressing similar problems,
including “Small Cell Enhancements such as PDCP Placement and impact on
control and data plane procedures.” Id., Abstract. Also, Deenoo describes “[s]mall-
cell enhancements such as they relate to dual-connectivity scenarios.” Deenoo,
Abstract. In Deenoo, these enhancements are applied to many communications
systems, including “Evolved UMTS Terrestrial Radio Access (E-UTRA).” Id., 443.
Just as with the 573 Patent, Deenoo describes that the PDCP may be in the macro
cell and may also be terminated there in some embodiments. /d., 4104; *573Pat.,

10:4-12. Additionally, just as with the ’573 Patent, Deenoo considers single radio
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bearer and multiple radio bearer [e.g., split bearer] models (corresponding to
the ’573 Patent’s single-flow and multi-flows). Deenoo, 4105; q573Pat., 10:13-15,
Figs. 10-11.

204. In Deenoo, it describes that for a single DRB “split between a macro
and a small cell...a PDCP in a macro can have two underlying corresponding RLC
protocol set entities, one set in macro and/or another set in the small cell.” Deenoo,
114, Figs. 4-5. [The split bearer concept is the core of multi-flow operations.] For
this type of system, Deenoo describes “one or more aspects of reconfiguration of
traffic from one small cell node to another small cell node.” Id., 4115. This can
include “PDCP re-ordering, and/or security for reconfiguration of small cells.” /d.,
q[116. Deenoo describes the macro cell can reconfigure the UE using RRC, in the
case of a macro cell with the PDCP and small cells sharing the single DRB,. /d.,
19143, 151-153.

205. Particularly, for reordering in the PDCP, Deenoo describes the WTRU
(e.g., UE) “may be configured to start a timer...upon determining that the first packet
may be an out-of-sequence packet.” Deenoo, 414. The UE may then wait for the
missing packet while the timer is running or flush the PDCP data to a higher layer if
the timer expires. Deenoo, Y14, 208-211, Fig. 8. [In Deenoo, it is explained that the

UE may also be referred to as a WTRU (wireless transmit/receive unit). Deenoo,

178.]
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2. Motivation to Combine Deenoo and Sammour

206. A POSITA would have found it obvious and would have been
motivated to combine Deenoo and Sammour, to specifically include Sammour’s
“flush timer” configuration in Deenoo’s RRC. For the single DRB case, Deenoo
describes the UE may “receive one or more reordering procedures.” Deenoo, 4123.
Also, Deenoo describes using an RRC message to configure a WTRU (e.g., user
equipment), where the “the Macro eNB may configure the measurement
parameters/events/triggers for the UE in an RRC CONNECTED mode.” Id., 12,
143, 173, 198. For example, when a small cell 1s added, an RRC reconfiguration
message “may include a timing advance to be applied to the small cell, radio bearer
configuration for the small cell, offset to the sub frame containing resource
allocation, and/or a response window.” Deenoo, 4251. The “[m]acro can also
provide the propagation delay estimated by the small cell to the UE.” Id., 94248.
Furthermore, in Deenoo, it describes to “start the PDCP re-ordering timer as soon as
out of sequence PDCP Data PDU” is detected. /d., §208. Even though this is obvious,
Deenoo does not explicitly disclose how the expiration time for the reordering timer
1s delivered to the UE, as discussed below in connection with claim 1 limitations.

207. As mentioned above, Deenoo discloses the timer operations in the
PDCP reordering process. Deenoo, §9208-210. Deenoo further discloses that “[t]he

Macro may also send an RRC Connection reconfiguration to the UE with macro
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and/or the small cell configuration.” Deenoo, §153; Fig. 6. Figure 6 explicitly shows
that RRC Connection Reconfiguration messages can include bearer configurations.
Given the well-established principle in the LTE standard that a PDCP configuration
information element is a component of a bearer configuration, a POSITA would
naturally recognize that all necessary PDCP information, including reordering timer
settings, is conveyed to the UE via the RRC message. However as Deenoo's
disclosure lacks explicit detail, a POSITA would have consulted other references to
determine the specifics of how reordering timer information is transmitted to the UE
for further information on how to implement Deenoo’s timer.

208. Deenoo and Sammour are in the same field of technology and a
POSITA would have consulted Sammour, which is particularly directed to providing
“new...PDCP parameters” to enable the proper operation of user equipment in
“evolved UMTS systems including LTE systems.” Sammour, 14, 20; Deenoo, 43.
Evolved packet systems (LTE) and RRC configuration of a UE (e.g., wireless
transmit/receive unit [WTRU]) are both disclosed by Sammour and Deenoo.
Sammour, 94, 6-9, 14; Deenoo, 4943-45, 173, 198. As mentioned above, Sammour
describes an E-UTRAN LTE wireless communication system that includes a WTRU
(i.e. UE) and an evolved Node B (eNB). Sammour, 46-8. Sammour’s UE/WTRU
and base station (eNB) each includes radio resource control (RRC) layer/entity(s)

where the “RRC sublayer..., part of layer 3, handles the control signaling of layer 3
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between the WTRU and the eNB.” Sammour, §7. And, Deenoo also describes an
Evolved UMTS Terrestrial Radio Access (E-UTRA) LTE and/or LTE-Advanced
system with a base station and WTRUs (UEs) where a configuration can be sent to
a UE using RRC. Deenoo 9943, 149, 153, FIG. 1D.

209. As mentioned above, Sammour utilizes RRC message(s) to configure a
PDCP timer for reordering at the UE (WTRU) including the value for the timer.
Sammour, 148-153. Sammour discloses a PDCP “Reordering Stop Mode IE,”
included in an RRC message, that is used by the eNB to indicate to the UE and the
UE’s PDCP entity “whether it should use the timer mechanism (e.g. Flush Timer) to
stop reordering following handover, or whether it should use stop reordering after
all stored PDCP SDUs have been delivered to upper layers.” Sammour, 99148-150.
Additionally, Sammour discloses a PDCP “Flush Timer IE,” also included in an
RRC message, that is used by the eNB to indicate to the UE (WTRU) “the value of
the flush timer that the WTRU should use to stop reordering.” Sammour, f[151-153.
Sammour’s PDCP “flush timer” is quite similar to the PDCP re-ordering timer of
Deenoo as both are used at the PDCP layer and used to stop reordering at the PDCP
layer when the timer expires. Sammour, §{151-153; Deenoo, 9914, 207-210. A
POSITA would have recognized the similarities between Sammour’s PDCP “flush
timer” and Deenoo’s PDCP re-ordering timer and would have been motivated to

combine the teachings of Sammour and Deenoo, and would have found it obvious
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to also use a PDCP configuration IE in an RRC message, just like in Sammour, to
deliver the PDCP timer information (including a timer expiry value) for Deenoo’s
PDCP re-ordering timer to the UE.

210. A POSITA would have also been motivated to combine the teachings
of Sammour’s new PDCP reordering IEs with Deenoo to configure Deenoo’s
reordering timer in a reliable manner especially when small cells are present with
the macro cell and with both the small cell and macro cell sending data to the UE, in
a dual-connectivity configuration. Deenoo, 9489-90. Moreover, Sammour and
Deenoo share applicants, content, and field of use. That is, both Deenoo and
Sammour share the same assignee for their patent applications, InterDigital Patent
Holdings. (EX1006; EX1007); and, both pertain to E-UTRA[N] LTE systems and
PDCP layer operations. Moreover, they also both seek to enhance LTE system
functionality regarding configuration of the PDCP layer in dual-connectivity, such
as through the implementation of a reordering timer to address missing and/or
delayed PDCP PDUs. Deenoo, Abstract, 4989-90, 207-210; Sammour, Abstract,
14, 21, 150-153. Thus, it would have been understood by a POSITA that Deenoo
and Sammour were combinable and would have been motivated to combine them.

211. A POSITA would have also been motivated to combine Deenoo and
Sammour because the combination would have required nothing more than the

application of known, conventional techniques (using RRC information elements to
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configure a UE) to yield predictable results (configuring the UE) as described in
Deenoo and Sammour. Deenoo, §198; Sammour, §914-15. For instance, as discussed
above, Sammour discloses that it had been previously known that RRC is used to
provide PDCP and RLC configurations to a receiving entity such as a WTRU (UE).
Sammour, 913. Sammour also discloses a table showing “a conventional radio
resource configuration including PDCP and RLC configuration parameters.”
Sammour, 14, Table 1. Additionally, Deenoo also teaches that a configuration can
be sent to a UE using RRC. Deenoo, 4149, 153, 198.

212. A POSITA would have also reasonably expected to have been
successful in using the enhanced RRC information elements (IEs ) of Sammour for
controlling the start and expiry of the PDCP reordering timer for Deenoo, as
Sammour showed that using such a technique of adding information elements
(IEs)to an RRC [e.g., adding its PDCP Flush Timer IE to a RRC message] was well
within the capabilities of someone skilled in the art. Sammour, 151-153. Moreover,
sending a value for the reordering timer to a UE would have been a merely routine
application of known, conventional configuration of a UE in an evolved packet
system, as discussed above. Applying Sammour’s disclosures to Deenoo would have
been merely applying Sammour’s known technique of expanding the RRC message
to include new information elements (IEs) to enhance Deenoo’s gap detection and

PDCP SDU forwarding system and methods in a similar way.
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3. Independent Claim 1

a. Claim 1[pre]: “A method for user equipment receiving
multi-flow data with respect to one evolved packet
system (EPS) bearer through a macro base station
(macro eNB) and a small base station (small eNB)
serving a single cell in a wireless communication system
supporting dual connectivity, the method comprising:”

213. To the extent the preamble is considered limiting, in my opinion,
Deenoo discloses or suggests the preamble.

214. For instance, Deenoo “contemplate[s] Small Cell Enhancements such
as PDCP Placement and impact on control and data plane procedures.” Deenoo,
Abstract. In Deenoo, it describes “[d]ifferent RAN, protocol stack and radio bearer
(RB) architectures,” including “a small-cell that may be capable of supporting RLC
modes.” Id. The RAN of Deenoo includes “a macro enhanced Node-B (MeNB)
device and a small cell enhanced Node-B (SCeNB) device.” Id., §16. In Deenoo, it
describes that base stations in the RAN “may implement a radio technology such as
Evolved UMTS Terrestrial Radio Access (E-UTRA), which may establish the air
interface 115/116/117 using Long Term Evolution (LTE) and/or LTE-Advanced
(LTE-A).” Id., 943, Figs. 1A (“a system diagram of an example communications
system in which one or more disclosed embodiments may be implemented”), C-E.
Deenoo further describes that the small cells may use the same spectrum as macro
cells, and that the small cells may be low power devices, such as Pico or Femto eNBs.

1d., 480. As depicted in Figures 1C through 1E, the system of Deenoo includes a
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“RAN” connected to a “Core Network,” with the RANs including base stations and
the Core Networks with gateways and MME. 1d., q958-78. In Deenoo, it describes
that each of these examples “may be used within the communications system
illustrated in FIG. 1A.” Deenoo, §921-23. In such as system, data is transmitted to
user equipment from the Core Network through the base stations. A POSITA would
have understood the combination of the base stations and gateways/MME as an
“evolved packet system bearer” because it provides a logical connection between
the user equipment and the gateways, facilitating data traffic transport. see ’573Pat.,
4:30-60 (“E-UTRAN and the EPC 30 [including S-/P-GW and MME] are integrated
to be called an evolved packet system (EPS)”).

215. Regarding the transmission of data packets, Deenoo “contemplate[s]
PDCP in a macro cell” with “RLC, MAC and/or PHY in small cell.” Id., §104.
Additionally, embodiments of Deenoo consider at least two alternatives, single RB
model or separate RB model, "where the “single DRB may be split between a macro
and a small cell.” Id., 99105, 114. Deenoo also describes that the “PDCP in a macro
can have two underlying corresponding RLC protocol set entities, one set in macro
and/or another set in the small cell.” /d., 4114, Figs. 4, 4A, 5. A POSITA would have
understood that such a single DRB model with the PDCP in the macro cell with RLC
entities in the macro and small cells would have included a single cell of the E-

UTRA. A POSITA would have also understood that a single DRB split between a
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macro and small cell with separate radio bearers (RB) is consistent with “multi-flow”
as described by the ’573 Patent. *573Pat., 9:65-67 (“in the case where one EPS bearer
provides the service to the UE through two or more RBs, it regarded that the multi-
flows are configured”).

216. Hence, Deenoo discloses an E-UTRA comprising a Core Network,
RAN, and wireless transmit/receive units (WTRUs), where “a user equipment (UE)
may also be referred to as a wireless transmit/receive unit (WTRU).” Deenoo, 938,
78. Data is transmitted to a UE through a bearer between the Core Network and the
UE (“one evolved packet system (EPS) bearer”), the bearer between the Core
Network and the UE comprising a DRB radio bearer which is split between a macro
eNB (“through a macro base station (macro eNB)) and a small cell (SCeNB) (“and
a small base station (small eNB) serving a single cell in a wireless communication
system supporting dual connectivity”). Deenoo, {38, 78.

217. Deenoo also describes that “[e]mbodiments contemplate a usefulness
for dual connectivity, where UE (or WTRU) may be connected to both the macro
and the small-cell layer simultaneously.” Deenoo, 484. That is, “dual-connectivity
may be also meant to cover scenarios where the user equipment ((UE) or wireless
transmit/receive unit (WTRU)) may be connected to the macro-layer and one or
more small-cells simultaneously (e.g. UE might be actively receiving data from the

cells it may be connected to).” /d., 990.

120
ONEPLUS - EX. 1003





Dr. Titus Lo Declaration Inter Partes Review of U.S. Patent No. 10,863,573

218. Moreover, in the ’573 Patent, it was admitted that each element of the
preamble was well-known to a POSITA at the time of priority date of the *573
Patent. *573Pat., 1:29-2:6. I discussed this earlier in connection with claim 1.
Accordingly, it is my opinion that Deenoo alone or in view of applicant admitted
prior art (AAPA) discloses a UE simultaneously receiving data from the macro and
small eNB of the E-UTRA (“user equipment receiving multi-flow data”) and that the
“system support[s] dual connectivity.”

b. Claim 1[a]: “receiving packet data convergence protocol

(PDCP) packet data units (PDUs) through the macro
base station and the small base station;”

219. In my opinion, Deenoo discloses or suggests this limitation.

220. In the ’573 Patent, it was admitted that each element of 1[a] was well-
known to a POSITA at the time of priority date of the *573 Patent. *573Pat., 2:7-18.
Moreover, as discussed above, the PDCP may be in the macro cell with underlying
RLC entities in both the macro and small cell. Deenoo, 44104, 114. A POSITA
would have understood the PDCP data (PDUs) is transmitted to the UE through the
radio bearers of the macro and small cells because the PDCP is in the macro cell,
which sends the downlink data to the RLCs in both the macro and small cells.
Deenoo, 99205-212. In Figure 5 of Deenoo below, Deenoo shows the PDCP packets

transmitted to the UE through the macro and small cells.
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221. Accordingly, it is my opinion that Deenoo discloses or suggests this
limitation.
¢. Claim 1[b]: “obtaining PDCP service data units (SDUs)
corresponding to the PDCP PDUs; and”
222. In my opinion, Deenoo discloses or suggests this limitation.
223. Deenoo discloses PDCP Placement in an E-UTRA and transmission of

PDCP packets to a UE, as discussed above. Deenoo, Abstract, 943. Deenoo further

discloses that its system is based on the 3GPP specifications. Deenoo, 80, 112,
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122, 164, 202. And Deenoo describes that the UE may receive “out of order PDCP
SDUs” during handover (Deenoo, 4122), but regardless PDCP data is delivered to
higher layers of the UE (/d., 49208-210).

224. The 3GPP TS 36.323 describes the “Packet Data Convergence Protocol
(PDCP) specification” and 3GPP TS 36.300 provides the overall description of an
E-UTRA. EX1011; EX1012. 3GPP TS 36.300 specifies that a PDCP PDU includes
a PDCP header and a PDCP SDU. EX1012, §6.3.2. And 3GPP TS 36.323 specifies
that a PDCP PDU in the user plane includes a PDCP SDU sequence number (SN)
and a compressed or uncompressed PDCP SDU. EX1011, §6.1. Hence, a POSITA
with knowledge of the E-UTRAN structure and protocols would have understood
that a PDCP SDU is obtained by stripping the header from a PDCP PDU. The portion
of the PDCP PDU delivered to the higher layers is the PDCP SDU. Koskinen, 98,
12, 45.

225. Moreover, in the *573 Patent, it was admitted that each element of 1[b]
was well-known to a POSITA at the time of priority date of the 573 Patent. *573Pat.,
2:8-18. 1 have previously explained this in the Koskinen ground. Accordingly, a
POSITA would have understood that the UE of Deenoo “obtain[s] PDCP service
data units (SDUs) corresponding to the PDCP PDUs” because Deenoo’s UE

receives PDCP PDUs and delivers PDCP data to higher layers.
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d. Claim 1]c]: “receiving from the macro base station
information related to an in-sequence timer for the
PDCP SDUs through a radio resource control (RRC)
message,”

226. In my opinion, Deenoo discloses or suggests this limitation.

227. In Deenoo, it describes that the macro cell may “send an RRC
Connection reconfiguration to the UE with macro and/or the small cell
configuration.” Deenoo, q153. Additionally, the “[m]acro eNB may configure the
measurement parameters/events/triggers for the UE in an RRC CONNECTED
mode.” Deenoo, 99143, 173, 198. Hence, Deenoo discloses the macro eNB
configuring the UE through RRC, where the UE receives the RRC message
(“receiving from the macro base station...a radio resource control (RRC)
message”).

228. Additionally, Deenoo discloses a “re-ordering algorithm” in the PDCP
of the UE utilizing a reordering timer. Deenoo, §9205-212. A POSITA would have
found it obvious that the RRC message to the UE in RRC CONNECTED mode
would be used to set the duration of the reordering timer because the RRC message
“configure[s] the measurement parameters/events/triggers for the UE.” Deenoo,
9153. Accordingly, the RRC message would have contained “information related to
an in-sequence timer for the PDCP SDUs.”

229. Thus, while Deenoo does render obvious “information related to an in-

sequence timer for the PDCP SDUs through a radio resource control (RRC)
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message,” Sammour further confirms that this operation was known and explicitly
discloses this limitation.

230. Just as with Deenoo, Sammour discloses E-UTRANs communicating
with UEs. Sammour, 94. [Like Deenoo, Sammour also discloses that a UE is
equivalent to a wireless transmit/receive unit (WTRU) and is referred to as such
throughout Sammour. Sammour, 994, 20.] Sammour further identifies the need to
expand the RRC message with respect to the PDCP to properly control and configure
new functions of the UE. Sammour, §14. Sammour, as discussed in Ground 2,
describes introducing new information elements for the PDCP, as well as making
use of the new IEs, and transmitting them in downlink RRC message. Sammour,
91921, 23,141.

231. Sammour, for example, discloses a “Reordering Stop Mode IE” in the
PDCP. Id., §148. Sammour describes that “[t]he eNB uses a PDCP Reordering Stop
Mode IE to indicate to the WTRU that the WTRU PDCP entity whether it should
use the timer mechanism (e.g. Flush Timer) to stop reordering following handover,
or whether it should use stop reordering after all stored PDCP SDUs have been
delivered to upper layers.” Sammour, §149. Also, Sammour discloses a “Flush timer
IE...to indicate to the WTRU the value of the flush timer that the WTRU should use
to stop reordering for this RB.” Sammour, 4151-153. Hence, Sammour discloses a

timer duration to be utilized for reordering in the PDCP. Deenoo, as discussed above,
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utilizes a timer to determine when to stop waiting for missing PDCP packets and
flush the received packets to a higher layer. Deenoo, 9914, 208-211, Fig. 8. A
POSITA would have recognized that Deenoo’s timer (e.g., reordering timer) and
Sammour’s “flush timer” operated in the same way and for the same purpose and,
thus, would have been motivated to incorporate Sammour’s RRC configuration of
the timer into Deenoo. Per the reasons discussed in section 2 above, a POSITA
would have been motivated to incorporate Sammour’s PDCP timer activation and
duration in Deenoo so “WTRUs and eNBs, operate properly, and their various
functions and sub-layers are controlled and configured properly.” Sammour, §14.
Hence, the combination of Deenoo and Sammour discloses the claimed “information
related to an in-sequence timer for the PDCP SDUs through a radio resource
control (RRC) message.”

e. Claim 1[d]: “wherein the PDCP SDUs are indicated by a
predefined PDCP sequence number (SN),”

232. In my opinion, Deenoo discloses or suggests this limitation.

233. In Deenoo, it describes that the UE may determine missing PDCP PDU
sequence numbers. Deenoo, 14, 206-211, Fig. 8. Additionally, as shown below in
Figure 8, the UE receives unique PDCP SNs from the macro and small cells. /d., Fig.
8. Furthermore, assigning predetermined sequence numbers to downlink PDCP
PDUs was general knowledge in the industry and specified by 3GPP. EX1012, pp.53,

67, 100; see my explanations in Koskinen ground.
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234. Accordingly, a POSITA would have thus understood that the PDCP
PDU (and correspondingly SDUs, see element 1[b] in Ground 3) are assigned
sequence numbers (e.g., in an ascending sequence based on the order of the PDUs),
such that the UE can determine when a particular PDU is missing (i.e., missing SN)
(“the PDCP SDUs are indicated by a predefined PDCP sequence number (SN)”).

f. Claim 1[e]: “wherein the RRC message includes a
PDCP-configuration information element (IE), and”

235. In my opinion, Deenoo discloses this limitation.
236. Deenoo, as discussed above, discloses using an RRC message to
configure the UE, including PDCP features. Deenoo, /143, 173, 198. Additionally,

Sammour explicitly discloses configuration of a UE “utilizing radio resource control

(RRC) parameters...including information elements (IEs) in RRC messages in both
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the uplink and downlink for RLC and PDCP” (Sammour, Abstract) and “Other
PDCP IEs” (id., §141).
237. Accordingly, it is in my opinion, Deenoo alone and/or the combination

of Deenoo and Sammour discloses this limitation.

g. Claim 1[f]: “the PDCP-configuration IE includes a field
indicating a value of the in-sequence timer.”

238. In my opinion, Deenoo discloses this limitation.

239. Deenoo discloses, as discussed above (C.2.), an RRC Connection
Reconfiguration message includes a PDCP configuration IE, which encompasses the
timer setting parameter. A POSITA would reasonably infer and find it obvious that
any PDCP configuration parameter would be represented as a distinct field within
the IE.

240. As I discussed above for 1[c], a POSITA would have been motivated
to modify Deenoo to incorporate Sammour’s new PDCP IEs. In particular,
recognizing that Deenoo uses RRC messages to configure a reordering timer of its
UE, a POSITA would have incorporated Sammour’s “Reordering Stop Mode IE”
and “Flush Timer IE” into Deenoo’s RRC message to properly configure Deenoo’s
reordering timer functionality (see element 1[c] and §2 in Ground 3).

241. Accordingly, the combination of Deenoo and Sammour discloses a
PDCP reordering timer (e.g., “flush timer”) that is configured using an RRC message

(“PDCP-configuration IE includes a field indicating a value of the in-sequence
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timer”).
4. Claim 2: “The method of claim 1, further comprising:
confirming the respective PDCP SNs of the obtained PDCP SDUs

and performing in sequence delivery of the PDCP SDUs to an
upper layer from a PDCP entity according to the PDCP SN.”

242. In my opinion, Deenoo discloses the limitations of Claim 2.

243. As discussed in Ground 1, delivering sequential PDCP SDUs is an
unremarkable and well-known technique, well within the knowledge of a POSITA.
That said, Deenoo also discloses this well-known PDCP function “in a case of a
PDCP in macro (single DRB).” Deenoo, 4207. For instance, during handover, where
gaps in SNs may be detected, Deenoo describes the “[m]acro eNB may configure
the measurement parameters/events/triggers for the UE in an RRC CONNECTED
mode.” Deenoo, §198. Also, Deenoo discloses following “reordering algorithm”

performed at the UE:
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UE PDCP RECEIVER OPERATION:

[0208] Normal case: re-ordering algorithm:
SN #n-1 0) Receive the PDCP data PDU from lower layers
1) Let the next in-sequence PDU SN be N.
2) Ifitis duplicate or PDU out of re-ordering window. Discard
the packet and go to line 0.
Confirm 3) If received PDCP Data PDU SN=N goto line 7.
SN #n 4) If re-ordering timer is not running, start the PDCP re-
ordering timer as soon as out of sequence PDCP Data PDU
SN>N (from say RLC1/RLC2) is received.
5) When the re-ordering timer is running, if PDCP Data PDU
(from say RLC2/RLC1 respectively) is received with SN>N,
then
[0209] a. If the remaining re-ordering time is greater than
threshold, trigger a PDCP status report and wait for in-se-
quence PDCP PDU with SN=N. goto line 0.
[0210] b. Stop re-ordering timer and perform same actions
as re-ordering timer expiry.
6) If the re-ordering timer expires goto 7.
Send queued 7) Deliver the queued packets to the higher layer, starting
SDUs to higher from closest received SN to N in order until the next SN gap
and, for example, perhaps if there is any SN gap, start re-
Iayer ordering timer similar to line 4.
8) Set N=1+SN of PDCP data PDU last delivered to higher
layer in line 7.
9) Goto line 0.

Deenoo, 99208-210 annotated.

244. Per Deenoo’s “reordering algorithm” above, two sequential PDCP
PDUs (#n-1 and #n) are received at the UE (“confirming the respective PDCP SNs
of the obtained PDCP SDUs”). Id., §208. After receiving the packets (i.e., PDCP
SDUs), the UE delivers the packets to the higher layer in order based on the SN of
the received PDCP PDUs (“performing in sequence delivery of the PDCP SDUs to

an upper layer from a PDCP entity according to the PDCP SN”). [PDCP PDUs

130
ONEPLUS - EX. 1003





Dr. Titus Lo Declaration Inter Partes Review of U.S. Patent No. 10,863,573

contain PDCP SDUs and the SDUs are delivered to higher layers, as described above
in Ground 1 for limitation 1[b].]

245. Accordingly, it is my opinion that Deenoo discloses the limitations of
Claim 2.

5. Claim 3

a. Claim 3[a]: “The method of claim 2, further comprising:
confirming whether there is a PDCP SDU of PDCP SN
#n—1 which is missed notwithstanding obtaining a PDCP
SDU of PDCP SN #n; and”

246. In my opinion, Deenoo discloses this limitation.

247. Per the “reordering algorithm” of Deenoo 99208-210, above, the UE
confirms at step 3 if the SN of the next received PDCP PDU (and respective SDU)
from either RLC1 or RLC2 is greater than the next expected SN. Deenoo, 4208; see
element 1[b] in Ground 3. Hence, a POSITA would have understood that a gap exists
in the received PDUSs if the next received PDU is #n+1, where PDU #n was missed.
In Figure 8 of Deenoo, the gap in PDCP SN reception is depicted. Deenoo, 49211-

212, Fig. 8.
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248. A POSITA would have understood that the designators #n and #n-1 as
used in the claim to modify “PDCP SN were merely for convenience and used to
distinguish the claimed missing PDCP SN from the received PDCP SN. A POSITA
would have also understood that the designators SN=N and SN>N in Deenoo were
also merely convenient labels intended to distinguish between multiple instances of
PDCP SNs. That is, a POSITA would have recognized that the claimed “SN #n-1”
could be mapped onto any PDCP SN, so long as the SN in Deenoo meets all other
claim limitations ascribed to or associated with “SN #n-1" (and the same with respect
to the claimed “SN #n”).

249. Accordingly, it is my opinion that Deenoo discloses confirming a gap

of SN=N (“confirming whether there is a PDCP SDU of PDCP SN #n—1 which is
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missed’”’) when the received PDCP is SN>N (“notwithstanding obtaining a PDCP
SDU of PDCP SN #n”).
b. Claim 3[b]: “driving the in-sequence timer with respect

to the PDCP SDU of PDCP SN #n when there is the
PDCP SDU of PDCP SN #n—1 which is missed.”

250. In my opinion, Deenoo discloses or suggests this limitation.

251. For example, per the “reordering algorithm” of Deenoo 99208-210,
Deenoo describes at step 4 that “[1]f re-ordering timer is not running, start the PDCP
re-ordering timer as soon as out of sequence PDCP Data PDU...is received.”
Deenoo, §208. In annotated Figure 8 below, starting the timer is represented where
the timer is started when PDCP SN3 is received (“driving the in-sequence timer with
respect to the PDCP SDU of PDCP SN #n”) after receiving SN1 and missing SN2
(“when there is the PDCP SDU of PDCP SN #n—1 which is missed’). Deenoo,
99211-212. As described above in Ground 1 for claim 3[b], “driving” a timer is

equivalent to starting a timer.
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Deenoo, Fig. 8 annotated.

252. Accordingly, it is my opinion that Deenoo discloses or suggests this

limitation.

6. Claim 4

a. Claim 4[a]: “The method of claim 3, wherein before the
in-sequence timer for the PDCP SDU of PDCP SN #n has
expired, when the PDCP SDU of PDCP SN #n—1 is
obtained,”

253. In my opinion, Deenoo discloses or suggests this limitation.

254. Per the “reordering algorithm” of Deenoo 44208-210, after receiving
SN>N, the UE “wait[s] for in-sequence PDCP PDU with SN=N" and returns to line
0 of the algorithm. Deenoo, 4209. As explained for claim 2, Deenoo describes at step
3 that SN=N is received (“when the PDCP SDU of PDCP SN #n—1 is obtained”).

1d., 9208. Also, it would have been understood by a POSITA that the timer is still
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running when the PDCP PDU SN=N is received (“wherein before the in-sequence
timer for the PDCP SDU of PDCP SN #n has expired’) because the step is
immediately after checking whether the “remaining re-ordering time is greater than
threshold.” Id., §209.
255. Accordingly, it is my opinion that Deenoo discloses or suggests this
limitation.
b. Claim 4[b]: “the PDCP SDU of PDCP SN #n—1 and the

PDCP SDU of PDCP SN #n are delivered to the upper
layer according to the order of the PDCP SN.”

256. In my opinion, Deenoo discloses or suggests this limitation.

257. Per the “reordering algorithm” of Deenoo 9208-210 and as explained
for Claim 2, the UE delivers the received packets (i.e., PDCP SDUs) to the higher
layer in order when PDCP SN=N is received at step 3.

258. Accordingly, it is my opinion that Deenoo discloses or suggests this
limitation.

7. Claim 5: “The method of claim 2, wherein when the in-
sequence timer for the PDCP SDU of PDCP SN #n has expired,
the PDCP SDU of PDCP SN #n is delivered to the upper layer of
the PDCP entity even though there is no PDCP SDU of PDCP SN
#n—1.”

259. In my opinion, Deenoo discloses or suggests these limitations of claim

260. In Deenoo, it discloses that “[i]f the re-ordering timer
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expires...[d]eliver the queued packets to the higher layer.” Deenoo, §210. Delivery
of the packets “start[s] from closest received SN to N in order until the next SN gap.”
1d. Tt would have been understood by a POSITA that the “closest received SN to N”
(where N 1is the claimed “#n-17) is either the next SN>N, which is the claimed “#n”
because the packets are delivered “in order until the next SN gap.” As shown in
annotated Figure 8 of Deenoo below, the PDUs (and corresponding SDUs) are

flushed to the higher layer when the timer expires. Deenoo, §4211-212.

1
3 ! Send queued SDUs to
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|

Deenoo, Fig. 8 annotated.
261. Accordingly, it is my opinion that Deenoo discloses or suggests that
when the re-ordering timer that started after the gap was detected expires (“wherein
when the in-sequence timer for the PDCP SDU of PDCP SN #n has expired”), all of

the PDCP SDUs after the gap are delivered to the higher layers, including the SN
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immediately after the gap (“the PDCP SDU of PDCP SN #n is delivered to the upper
layer of the PDCP entity even though there is no PDCP SDU of PDCP SN #n—17).

8. Independent Claim 8

a. Claim 8[pre]: “A user equipment (UE) for receiving
multi-flow data with respect to one evolved packet
system (EPS) bearer through a macro base station
(macro eNB) and a small base station (small eNB)
serving a single cell in a wireless communication system
supporting dual connectivity, the UE comprising:”

b. Claim 8[a]: “a receiving unit receiving packet data
convergence protocol (PDCP) packet data units (PDUs)
through the macro base station and the small base
station and”

¢. Claim 8[b]: “receiving from the macro base station
information related to in-sequence timer for the PDCP
SDUs through a radio resource control (RRC) message;
and”

d. Claim 8|c]: “a processor obtaining PDCP service data
units (SDUs) corresponding to the PDCP PDUs,”

e. Claim 8[d]: “wherein the PDCP SDUs are indicated by a
predefined PDCP sequence number (SN),”

f. Claim 8|e]: “wherein the RRC message includes a
PDCP-configuration information element (IE), and”

g. Claim 8[f]: “the processor determines the value of in-
sequence timer based on the PDCP-configuration IE.”

262. In my opinion, the combination of Deenoo and Sammour discloses
claim 8 for substantially the same reasons as claim 1 because the claims are

substantively identical and Deenoo further discloses a user equipment including
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receiving unit and processor. Deenoo, 949; compare claim limitations 1[pre]-1[f]
with claim limitations 8[pre]-8[f].

263. Claim §[pre] is substantially similar to claim 1[pre], except it recites a
“user equipment” for performing functions instead of a “method.” As discussed
above, Deenoo describes that a user equipment performs the recited steps.

264. Additionally, regarding limitation 8[a], the UE of Deenoo is disclosed
to include a transceiver, as shown in Figure 1B below. Deenoo, 49-53, Fig. 1B.
“The transceiver 120 may be configured to modulate the signals that are to be
transmitted by the transmit/receive element 122 and to demodulate the signals that
are received by the transmit/receive element 122.” Id., §53. Additionally, Deenoo
describes that “the eNode-B 160 a, for example, may use multiple antennas to
transmit wireless signals to, and receive wireless signals from, the WTRU 102 a.”
1d., 465. Hence, it would have been understood by a POSITA that PDCP PDUs and

RRC messages are received by the UE through the transceiver. /d., 4143, 208-212.
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Deenoo, Fig. 1B annotated

265. For example, a POSITA would have recognized that Deenoo’s Figure

1F below shows signaling (e.g., RRC) and data (e.g., PDCP packets) sent from the

macro and small eNB base stations to the UE. Deenoo, Fig. 1F. It would have been

understood by a POSITA that the PDCP data packets (e.g., PDUs) and RRC

messages used to configure the UE are received over a radio interface by Deenoo’s

receiver as part of the transceiver. Moreover, 3GPP TS 36.331expressly specifies
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that the Radio Resource Control (RRC) protocol is for the radio interface between

UE and E-UTRAN. EX1014, p. 14.
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Deenoo, Fig. 1F
266. Regarding limitation 8[c] and 8[f], Deenoo discloses that a processor is
included in the UE as shown in Figure 1B above. Deenoo, 949-50, 54-57, Fig. 1B.
In Deenoo, it describes that “[t]he processor 118 may perform signal coding, data
processing, power control, input/output processing, and/or any other functionality

that enables the WTRU 102 to operate in a wireless environment.” /d., 450. “The
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processor 118 may be coupled to the transceiver 120, which may be coupled to the
transmit/receive element 122.” Id. Deenoo further discloses that its methods “may
be implemented in a computer program, software, or firmware incorporated in a
computer-readable medium for execution by a computer or processor.” Id., 4262.
Hence, it would have been understood by a POSITA that the processor processes the
data received from the macro and small base stations because the processor executes
software for performing those functions.

267. The table below provides a correlation of the reasons why the
combination of Deenoo and Sammour discloses the limitations of claim 1 with

limitations 8[a]-8[f].

Claim 8
Limitation | Substantially Similar Limitation(s)
8[pre] 1[pre]
8[a] 1[a]
8[b] 1[c]
8[c] 1[b]
8[d] 1[d]
8[e] 1[e]
8[f] 1[f]

268. Accordingly, it is my opinion that the combination of Deenoo and

Sammour discloses all the limitations of claim 8.
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9. Claim 9: “The UE of claim 8, wherein the processor
confirms the processor confirms the respective PDCP SN
of the obtained PDCP SDUs and performs in-sequence
delivery of the PDCP SDUs to an upper layer from a PDCP
entity according to the PDCP SN.”

269. In my opinion, Deenoo discloses the additional limitations of claim 9
for the reasons discussed for claim 2. Claim 9 is substantially the same as claim 2,
except that the processor performs functions equivalent to the method steps in claim
2. As discussed above for claim 8, the processor of Deenoo executes software to
perform the embodiments and functions of Deenoo. Hence, it would have been
understood by a POSITA that the processor included in the UE (or WTRU) of
Deenoo performs the functions of claim 9 for the same reasons Deenoo discloses the
limitations of claim 2.
10. Claim 10: “The UE of claim 9, wherein the processor

confirms whether there is a PDCP SDU of PDCP SN #n—1

which is missed notwithstanding obtaining a PDCP SDU of

PDCP SN #n; and drives the in-sequence timer with respect

to the PDCP SDU of PDCP SN #n when there is the PDCP
SDU of PDCP SN #n—1 which is missed.”

270. In my opinion, Deenoo discloses the additional limitations of claim 10
for the reasons discussed for claim 3. Claim 10 is substantially the same as claim 3,
except that the processor performs functions equivalent to the method steps in claim
3. As discussed above for claim 8, the processor of Deenoo executes software to
perform the embodiments and functions of Deenoo. Hence, it would have been

understood by a POSITA that the processor included in the UE (or WTRU) of
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Deenoo performs the functions of claim 10 for the same reasons Deenoo discloses
the limitations of claim 3.
11. Claim 11: “The UE of claim 10, wherein the processor
delivers, when the in-sequence timer for the PDCP SDU of PDCP
SN #n has expired, the PDCP SDU of PDCP SN #n to the upper

layer of the PDCP entity even though there is no PDCP SDU of
PDCP SN #n—1.”

271. In my opinion, Deenoo discloses the additional limitations of claim 11
for the reasons discussed for claim 5. Claim 11 is substantially the same as claim 5,
except that the processor performs functions equivalent to the method steps in claim
5. As discussed above for claim 8, the processor of Deenoo executes software to
perform the embodiments and functions of Deenoo. Hence, it would have been
understood by a POSITA that the processor included in the UE (or WTRU) of
Deenoo performs the functions of claim 11 for the same reasons Deenoo discloses
the limitations of claim 5.
12. Claim 12: “The UE of claim 10, wherein the processor
delivers, before the in-sequence timer for the PDCP SDU of PDCP
SN #n has expired, when the PDCP SDU of PDCP SN #n—1 is
obtained, the PDCP SDU of PDCP SN #n—1 and the PDCP SDU

of PDCP SN #n to the upper layer according to the order of the
PDCP SN.”

272. In my opinion, Deenoo discloses the additional limitations of claim 12
for the reasons discussed for claim 4. Claim 12 is substantially the same as claim 4,
except that the processor performs functions equivalent to the method steps in claim

4. As discussed above for claim 8, the processor of Deenoo executes software to
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perform the embodiments and functions of Deenoo. Hence, it would have been
understood by a POSITA that the processor included in the UE (or WTRU) of
Deenoo performs the functions of claim 12 for the same reasons Deenoo discloses

the limitations of claim 4.

X. CONCLUSION

273. Based on the foregoing analysis, it is my opinion that the challenged
claims of the ’573 patent are invalid.

274. This declaration and my opinions herein are made to the best of my
knowledge and understanding, and based on the material available to me, at the time
of signing this declaration. I declare that all statements made herein on my own
knowledge are true and that all statements made on information and belief are
believed to be true, and further, that these statements were made with the knowledge
that willful false statements and the like so made are punishable by fine or

imprisonment, or both, under Section 1001 or Title 18 of the United States Code.

Date: April 23, 2025

Titus Lo
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METHOD AND APPARATUS FOR
SEQUENTIAL FORWARDING
CONSIDERING MULTI-FLOW IN DUAL
CONNECTIVITY SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a Continuation of U.S. patent appli-
cation Ser. No. 14/890,407, filed on Nov. 10, 2015, which is
a National Stage of International Application No. PCT/
KR2014/004189, filed on May 9, 2014, and claims priority
from and the benefit of Korean Patent Application No.
10-2013-0053408, filed on May 10, 2013, each of which is
hereby incorporated by reference for all purposes as if fully
set forth herein.

BACKGROUND
Field

The present invention relates to wireless communication,
and more particularly, to a method and an apparatus of
in-sequence delivery considering a multi-flow in a wireless
communication system supporting dual connectivity.

Discussion of the Background

Particularly many communication demands are generated
in a specific area such as a hotspot in a cell and receiving
sensitivity of radio waves may deteriorate in a specific area
such as a cell edge or a coverage hole. With the development
of wireless communication technology, small cells, for
example, a pico cell, a femto cell, a micro cell, a remote
radio head (RRH), a relay, a repeater, and the like are
together installed in a macro cell for the purpose of enabling
communication in areas such as the hot spot, the cell edge,
and the coverage hole. Such a network is called a hetero-
geneous network (HetNet). In a heterogeneous network
environment, relatively, the macro cell is a cell having large
coverage and the small cells such as the femto cell and the
pico cell are cells having small coverage. Since the small
cells such as the femto cell and the pico cell use lower power
than the macro cell, the network is also referred to as a low
power network (LPN). In the heterogeneous network envi-
ronment, coverages of multiple macro cells and small cells
overlap with each other.

User Equipment (UE) can perform wireless communica-
tion through two or more base stations among base stations
constituting at least one serving cell. This is referred to as
dual connectivity and a wireless communication system
supporting the dual connectivity is referred to as a dual
connectivity system. In this case, one of a plurality of base
stations physically or logically divided, which constitute the
dual connectivity may be a macro base station (alternatively,
an anchorage station) and the other one may be a small base
station (alternatively, an assisting base station). The UE may
be ‘dually connectable UE’ in which dual connectivity is
possible and ‘dually inconnectable UE’ in which dual con-
nection supporting is impossible.

The macro base station manages data flow control, secu-
rity, and header compression according to a packet data
convergence protocol (PDCP) for data transmitted to the
small base station through a radio bearer (RB).

In general, the wireless communication system is a single
flow structure in which a service is provided to the UE
through one RB for one EPS bearer service. However, in the
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case of the wireless communication system supporting the
dual connectivity, the service of one EPS bearer can be
provided to the UE through not one RB but two RBs
established in the macro cell and the small cell, respectively.
That is, the service can be provided to the UE through
multi-flows.

In the case of an acknowledged mode (RL.C AM), an RLC
entity of the UE reorders RLC packet data units (PDUs)
when received RLC PDUs are received out of the order in
a downlink. In the case of the RLC AM, a transmitting side
can retransmit an RLC PDU of which receiving is missed at
a receiving side again. The RLC entity reassembles an RL.C
service data unit (SDU) based on the reordered RL.C PDU
and sequentially the reassembled RLC SDU to an upper
layer (that is, PDCP entity). In the case of the RLC AM, the
RLC PDUs can be sequentially delivered through reordering
and retransmission methods of the RLC PDUs. In other
words, the PDCP entity needs to be sequentially delivered
with the RL.C SDUs except for reestablishment of the lower
layer. However, in the case of the UE in which the multi-
flows are constituted, the RLC entity for the small base
station and the RLC entity for the macro base station are
distinguished to receive the respective RLC SDUs and
acquire the PDCP SDU and deliver the acquired PDCP SDU
to the upper layer and in this case, the PDCP entity cannot
sequentially acquire the PDCP SDUs. Accordingly, in the
case of the UE using the multi-flows, a new method for
sequential delivery of the PDCP SDUs to the upper layer in
the PDCP entity is required.

SUMMARY

The present invention provides a method and an apparatus
of in-sequence delivery considering multi-flows in a dual
connectivity system.

The present invention also provides a method and an
apparatus in which a PDCP entity at a UE end delivers
PDCP SDUs to an upper layer in sequence in a multi-flow
structure.

The present invention also provides configuring a sequen-
tial delivery timer in UE in a multi-flow structure.

In one aspect, a method for user equipment receiving
multi-flow data with respect to one evolved packet system
(EPS) bearer through a macro base station (macro Evolved
NodeB (eNB)) and a small base station (small eNB) in a
wireless communication system supporting dual connectiv-
ity is provided. The method includes: receiving packet data
convergence protocol (PDCP) packet data units (PDUs)
through the macro base station and the small base station;
obtaining PDCP service data units (SDUs) corresponding to
the PDCP PDUs; and receiving from the macro base station
information related to an in-sequence timer for the PDCP
SDUs through a radio resource control (RRC) message,
wherein the PDCP SDUs are indicated by a predefined
PDCP sequence number (SN).

In another aspect, a method for transmitting multi-flow
data for one EPS bearer to UE from a macro base station
through the macro base station and a small base station in a
wireless communication system supporting dual connectiv-
ity is provided. The method includes: generating PDCP
PDUs in a PDCP entity with respect to packets received by
the macro base station according to a PDCP SN of a PDCP
SDU; distributing the PDCP PDUs to radio link control
(RLC) entities of the macro base station and RL.C entities of
the small base station according to a predetermined rule and
transmitting the distributed PDCP PDUs to the UE; and
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transmitting to the UE an RRC message including informa-
tion related to an in-sequence timer for the PDCP SDUs.

In yet another aspect, UE for receiving multi-flow data
with respect to one evolved packet system (EPS) bearer
through a macro base station (macro eNB) and a small base
station (small eNB) in a wireless communication system
supporting dual connectivity is provided. The UE includes:
a receiving unit receiving packet data convergence protocol
(PDCP) packet data units (PDUs) through the macro base
station and the small base station and receiving from the
macro base station information related to an in-sequence
timer for the PDCP SDUs through a radio resource control
(RRC) message; and a processor obtaining PDCP service
data units (SDUs) corresponding to the PDCP PDUs,
wherein the PDCP SDUs are indicated by a predefined
PDCP sequence number (SN).

According to the present invention, in performing down-
link transmission through multi flows in a dual connectivity
system, even though a PDCP entity of UE non-sequentially
receives PDCP PDUs, PDCP SDUs can be delivered to an
upper layer in sequence and transmission efficiency can be
improved.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a wireless communication system
according to the present invention.

FIG. 2 is a block diagram illustrating a radio protocol
architecture for a user plane.

FIG. 3 is a block diagram illustrating a radio protocol
architecture for a control plane.

FIG. 4 is a diagram illustrating an overview of one
example of an RL.C sublayer model according to the present
invention.

FIG. 5 illustrates one example of a dual connectivity
situation of UE applied to the present invention.

FIG. 6 illustrates an example of an EPS bearer structure
when multi-flows are configured in the dual connectivity
situation.

FIG. 7 illustrates an example of a network structure of the
macro base station and the small base station in the case of
a single flow in a dual connectivity situation.

FIG. 8 illustrates an example of an EPS bearer structure
when multi-flows are configured in the dual connectivity
situation.

FIG. 9 illustrates an example of a network structure of the
macro base station and the small base station in the case of
multi-flows.

FIG. 10 illustrates a packet delivery process in the case of
the single flow when the dual connectivity is considered.

FIG. 11 illustrates a packet delivery process in the case of
the multi-flows when the dual connectivity is considered.

FIG. 12 illustrates an example of a PDCP PDU receiving
timing in a PDCP entity of UE.

FIG. 13 illustrates an example of sequential upper layer
transmission depending on the PDCP sequence number (SN)
in the PDCP entity of the UE.

FIG. 14 illustrates a method for sequentially delivering
the PDCP SDU, which is performed by the UE considering
the multi-flows according to an embodiment of the present
invention.

FIG. 15 is a block diagram of a macro base station, a small
base station, and UE according to an embodiment of the
present invention.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

Hereinafter, in the specification, contents associated with
the present invention will be described in detail through
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illustrated drawings and embodiments together with con-
tents of the present invention. In the figures, even though the
parts are illustrated in different drawings, it should be
understood that like reference numbers refer to the same or
equivalent parts of the present invention throughout the
several figures of the drawing. In describing the embodi-
ments of the present invention, when it is determined that the
detailed description of the known art related to the present
invention may obscure the gist of the present invention, the
detailed description thereof will be omitted.

Further, a wireless communication network is described
as target in the specification, and a work performed in the
wireless communication network may be performed while a
system (for example, a base station) that controls the cor-
responding wireless communication network controls the
network and transmits data, or the work may be performed
by UE coupled with the corresponding wireless network.

FIG. 1 illustrates a wireless communication system
according to the present invention. This may be a network
architecture of an evolved-universal mobile telecommuni-
cations system (E-UMTS). The E-UMTS may be called a
long term evolution (LTE) or LTE-A (advanced) system. The
wireless communication system may use various multiple
access techniques, such as code division multiple access
(CDMA), time division multiple access (IDMA), frequency
division multiple access (FDMA), orthogonal frequency
division multiple access (OFDMA), single carrier-FDMA
(SC-FDMA), OFDM-FDMA, OFDM-TDMA, and OFDM-
CDMA.

Referring to FIG. 1, the E-UTRAN includes an evolved
NodeB (eNB) 20 that provides a control plane (CP) and a
user plane (UP) to user equipment (UE) 10.

The UE 10 may be fixed or movable and may be called
other terms such as a mobile station (MS), an advanced MS
(AMS), a user terminal (UT), a subscriber station (SS), a
wireless device, and the like.

The eNB 20 generally indicates a station that communi-
cates with the UE 10, and may be called other terms such as
a base station (BS), a base transceiver system (BTS), an
access point, a femto-eNB, a pico_eNB, a home eNB, a
relay, and the like. The eNBs 20 may be connected to each
other through an X2 interface. The eNB 20 is connected with
an evolved packet core (EPC) 30 through an S1 interface,
more particularly, a mobility management entity (MME)
through an S1-MME and a serving gateway (S-GW) through
an S1-U. The S1 interface transmits and receives operation
and management (OAM) information for supporting move-
ment of the UE 10 by exchanging a signal with the MME.

The EPC 30 includes the MME, the S-GW, and a packet
data network gateway (P-GW). The MME has access infor-
mation of the UE 10 or information on capability of the UE
10, and the information is primarily used for mobility
management of the UE 10. The S-GW is a gateway having
the E-UTRAN as an end point and the P-GW is a gateway
having the PDN as the end point.

The E-UTRAN and the EPC 30 are integrated to be called
an evolved packet system (EPS) and a traffic flow from a
wireless link through which the UE 10 is connected to the
eNB 20 to the PDN connected to a service entity operates
based an Internet protocol (IP).

A radio interface between the UE and the eNB is referred
to as a Uu interface. Layers of a radio interface protocol
between the UE and the eNB may be divided into a first layer
L1, a second layer 1.2, and a third layer L3 based on three
lower layers of an open system interconnection (OSI) ref-
erence model which is widely known in a communication
system. Among the layers, a physical layer which belongs to
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the first layer provides an information transfer service using
a physical channel and a radio resource control (RRC) layer
positioned at the third layer controls a radio resource
between the UE and the network by exchanging an RRC
message.

FIG. 2 is a block diagram illustrating a radio protocol
architecture for a user plane and FIG. 3 is a block diagram
illustrating a radio protocol architecture for a control plane.
The user plane is a protocol stack for transmitting user data
and the control plane is a protocol stack for transmitting a
control signal.

Referring to FIGS. 2 and 3, a physical (PHY) layer
provides information transfer service to an upper layer by
using a physical channel. The PHY layer is connected with
a medium access control (MAC) layer which is an upper
layer through a transport channel. Data is transferred
between the MAC layer and the PHY layer through the
transport channel. The transport channel is classified
depending on how the data is transferred through the radio
interface.

Further, data is transferred between different PHY layers
(that is, between the PHY layers of the transmitter and the
receiver) through the physical channel. The physical channel
may be modulated by an orthogonal frequency division
multiplexing (OFDM) scheme and uses a time and a fre-
quency as the radio resource.

As an example, a physical downlink control channel
(PDCCH) among the physical channels notifies resource
allocation of a paging channel (PCH) and a downlink shared
channel (DL-SCH) and hybrid automatic repeat request
(HARQ) information associated with the DL-SCH to the UE
and the PDCCH may transport an uplink scheduling grant
notifying the resource allocation of the uplink transmission
to the UE. Further, a physical control format indicator
channel (PCFICH) notifies the number of OFDM symbols
used in the PDCCHs to the UE and is transmitted every
sub-frame. Further, a physical hybrid ARQ indicator channel
(PHICH) transports an HARQ ACK/NAK signal as a
response of the uplink transmission. Further, a physical
uplink control channel (PUCCH) transports uplink control
information such as HARQ ACK/NAK, a scheduling
request, a CQI for the downlink transmission. Further, a
physical uplink shared channel (PUSCH) transports an
uplink shared channel (UL-SCH).

The MAC layer may perform mapping between a logic
channel and the transport channel and multiplexing or
demultiplexing to a transport block provided to the physical
channel onto the transport channel of an MAC service data
unit (SDU) that belongs to the logic channel. The MAC layer
provides a service to a radio link control (RLC) layer
through the logic channel. The logic channel may be divided
into a control channel for transferring control area informa-
tion and a traffic channel for transferring user area informa-
tion.

A function of the RLC layer includes concatenation,
segmentation, and reassembly of an RLLC SDU. In order to
assure various quality of services (QoS) requested by a radio
bearer (RB), the RLC layer provides three operating modes
of a transparent mode (TM), an unacknowledged mode
(UM), and an acknowledged mode (AM).

The RLC SDUs may be supported with various sizes and
as an example, may be supported by a byte unit. RLC
protocol data units (PDUs) are defined only when transmis-
sion opportunity is notified from the lower layer (for
example, the MAC layer) and when the transmission oppor-
tunity is notified, the RL.C PDUs are transferred to the lower
layer. The transmission opportunity may be notified together
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with the sizes of the total RLC PDUs to be transmitted.
Hereinafter, the RLC layer will be described in detail with
reference to FIG. 4.

A function of a packet data convergence protocol (PDCP)
layer on the user plane includes transferring of user data,
header compression, and ciphering. A function of the PDCP
layer on the user plane includes transferring of control plane
data and ciphering/integrity protection.

The RRC layer serves to control the logic channel, the
transport channel, and the physical channels in association
with configuration, re-configuration, and release of the RBs.
The RB means a logic route provided by the first layer (PHY
layer) and the second layers (the MAC layer, the RLC layer,
and the PDCP layer) in order to transfer data between the UE
and the network. Configuring the RB defines features of the
radio protocol layer and the channel in order to provide a
specific service and means a process of setting respective
detailed parameters and operating methods. The RB may be
divided into two types of a signaling RB (SRB) and a data
RB (DRB) again. The SRB is used as a passage for trans-
mitting the RRC message on the control plane and a non-
access stratum (NAS) message and the DRB is used as a
passage for transmitting the user data on the user plane.

An NAS layer is positioned above the RRC layer and
performs functions such as session management and mobil-
ity management.

When an RRC connection is established between the RRC
layer of the UE and the RRC layer of the E-UTRAN, the UE
is in an RRC connected state and if not, the UE is in an RRC
idle state.

A downlink transport channel for transmitting data from
the network to the UE includes a broadcast channel (BCH)
for transmitting system information and besides, a downlink
shared channel (SCH) for transmitting user traffic or a
control message. Traffic or a control message of a downlink
multicast or broadcast service may be transported through
the downlink SCH or transported through a separate down-
link multicast channel (MCH). Meanwhile, an uplink trans-
port channel for transporting data from the UE to the
network includes a random access channel (RACH) for
transporting an initial control message and besides, an
uplink shared channel (SCH) for transporting the user traffic
or the control message.

The logical channel that is positioned on the transport
channel and mapped to the transport channel includes a
broadcast control channel (BCCH), a paging control channel
(PCCH), a common control channel (CCCH), a multicast
control channel (MCCH), a multicast traffic channel
(MTCH), and the like.

The physical channel is constituted by a plurality of
symbols in a time domain and a plurality of sub-carriers in
a frequency domain. One sub-frame is constituted by a
plurality of OFDM symbols in a time domain. One sub-
frame is constituted by a plurality of resource blocks and one
resource block is constituted by the plurality of symbols and
the plurality of sub-carriers. Further, each sub-frame may
use specific sub-carriers of specific symbols (e.g., first
symbols) of a corresponding sub-frame for the PDCCH. A
transmission time interval (TTI) which is a unit time when
the data is transmitted is 1 ms corresponding to one sub-
frame.

FIG. 4 is a diagram illustrating an outline of an example
of an RLC sublayer model according to the embodiment of
the present invention.

Referring to FIG. 4, any RLC entity is divided into
different RLC entities according to a data transmission
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scheme. As an example, the RL.C entity includes a TM RLC
entity 400, a UM RLC entity 420, and an AM RLC entity
440.

The UM RLC entity 420 may be constituted to receive or
transfer RLC PDUs through logical channels (for example,
DL/UL DTCH, MCCH or MTCH). Further, the UM RLC
entity 420 may transfer or receive a unacknowledged mode
data (UMD) PDU.

The UM RLC entity is constituted by a transmission UM
RLC entity or a reception UM RLC entity.

The transmission UM RLC entity receives the RLC SDUs
from the upper layer and transmits the R[.C PDUs to a peer
reception UM RLC entity through the lower layer. When the
transmission UM RLC entity configures the UMD PDUs
from the RLC SDUs, if the specific transmission opportunity
is notified by the lower layer, the RL.C SDUs are segmented
or concatenated to constitute the UMD PDUs so as to
become within a total size of the RLC PDUs indicated by the
lower layer and is constituted so that related RL.C headers
are included in the UMD PDU.

The reception UM RLC entity transfers the RLC SDUs to
the upper layer and receives the RLC PDUs from the peer
reception UM RLC entity through the lower layer. When the
reception UM RLC entity receives the UMD PDUs, the
reception UM RLC entity detects whether the UMD PDUs
are duplicately received to discard the duplicated UMD
PDUs, reorder a sequence of the UMD PDUs when the
UMD PDUs are received out of the sequence, avoid exces-
sive reorder delays by detecting loss of the UMD PDUs in
the lower layer, reassemble the RLC SDUs from the reor-
dered UMD PDUs, transfer the reassembled RLC SDUs to
the upper layer in an ascending order of an RL.C sequence
number (SN), and discard the UMD PDUs which can not be
reassembled to the RLC SDU due to the UMD PDU loss
which belongs to the specific RLC SDU in the lower layer.
During the RLC re-establishment, the reception UM RLC
entity reassembles the RLC SDUs from the UMD PDUs
received out of the sequence to transfer the reassembled
RLC SDUs to the upper layer and all of the remaining UMD
PDUs which may not be reassembled to the RL.C SDUs are
discarded, initialize related status parameters and stop
related timers.

Meanwhile, the AM RLC entity 440 may be constituted to
receive or transfer the RLC PDUs through logical channels
(for example, DL/UL. DCCH or DL/UL DTCH). The AM
RLC entity transfers or receives an AMD PDU or ADM
PDU segment and transfers or receives an RL.C control PDU
(for example, a STATUS PDU).

If the STATUS PDU is triggered and a block timer
(t-StatusProhibit) is not running or completed, the STATUS
PDU is transmitted at the next transmission opportunity.
Accordingly, the UE predicts the size of the STATUS PDU
and considers the STATUS PDU as data available for
transmission in the RLC layer.

The AM RLC entity is constituted by a transmitting side
and a receiving side.

The transmitting side of the AM RLC entity receives the
RLC SDUs from the upper layer and transmits the RL.C
PDUs to a peer AM RLC entity through the lower layer.
When the transmitting side of the AM RLC entity constitutes
the AMD PDUs from the RLC SDUs, the RLC SDUs are
segmented or concatenated in order to be suitable within the
total size of the RL.C PDU(s) indicated by the lower layer
when the specific transmission opportunity is notified by the
lower layer to constitute the AMD PDUs. The transmitting
side of the AM RLC entity supports retransmission (ARQ)
of the RLC data PDUs. When the RLC data PDU to be
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retransmitted is not suitable within the total size of the RLC
PDU(s) indicated by the lower layer when the specific
transmission opportunity is notified by the lower layer, the
AM RLC entity re-segments the RLC data PDU to the AMD
PDU segments.

In this case, the number of re-segmentation is not limited.
When the transmitting side of the AM RLC entity creates the
AMD PDUs from the RLLC SDUs received from the upper
layer or AMD PDU segments from the RL.C data PDUs to
be retransmitted, related RLC headers are included in the
RLC data PDU.

The receiving side of the AM RLC entity receives the
RLC SDUs from the upper layer and receives the RLC
PDUs to the peer AM RLC entity through the lower layer.

When receiving the RL.C data PDUs, the receiving side of
the AM RLC entity detects whether the RL.C data PDUs are
duplicatively received, discards the duplicated RLC data
PDUs, reorders the sequence of the RL.C data PDUs when
the RLC data PDUs are received out of the sequence, detects
the loss of the RL.C data PDUs generated in the lower layer
and requests the retransmission to the AM RLC entity,
reassembles the RLC SDUs from the reordered RLC data
PDUs, and transfers the reassembled RLC SDUs to the
upper layer in the reassembled sequence.

During the RLC re-establishment, the receiving side of
the AM RLC entity reassembles the RLC SDUs from the
RLC data PDUs received out of the sequence if possible to
transfer the reassembled RLC SDUs to the upper layer,
discards all of the remaining RL.C data PDUs which may not
be reassembled with the RLC SDUs, and initializes the
related status parameters and stops the related timers.

FIG. 5 illustrates one example of a dual connectivity
situation of the UE applied to the embodiment of the present
invention.

Referring To FIG. 5, UE 550 positioned in a service area
of'a macro cell in a macro eNB 500 (alternatively, an anchor
base station) enters an area over-laid with the service acre of
a small cell in a small eNB 510 (alternatively, an assisting
base station).

In order to support an additional data service through the
small cell in the small eNB while maintaining existing
wireless connection and data service connection through the
macro cell in the macro eNB, the network constitutes dual
connection with respect to the UE.

As a result, the user data arriving to the macro cell may
be transferred to the UE through the small cell in the small
eNB. In detail, an F2 frequency band is allocated to the
macro eNB and an F1 frequency band is allocated to the
small eNB. The UE may receive the service from the macro
eNB through the F2 frequency band and simultaneously
receive the service from the small eNB through the F1
frequency band.

FIG. 6 illustrates an example of an EPS bearer structure
in the case where the single flow is constituted.

Referring to FIG. 6, the RB is a bearer provided from the
Uu interface in order to support the service of the user. In the
wireless communication system, each bearer is defined for
each interface to ensure independency between the inter-
faces.

The bearer provided by the wireless communication sys-
tem is collectively called an evolved packet system (EPS)
bearer. The EPS bearer is a transmission path generated
between the UE and the P-GW. The P-GW may receive an
IP flow from the Internet or transmit the IP flow to the
Internet. One or more EPS bearers may be constituted per
UE, each EPS bearer may be divided into an E-UTRAN
radio access bearer (E-RAB) and an S5/S8 bearer, and the
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E-RAB may be divided into a radio bearer (RB) and an S1
bearer. That is, one EPS bearer corresponds to one RB, one
S1 bearer, and one S5/S8 bearer, respectively. The IP flow
may have a different quality of service (QoS) characteristic
according to which service (alternatively, application) is
used, and the IP flow having the different QoS characteristic
may be mapped and transmitted for each EPS bearer. The
EPS bearers may be divided based on an EPS bearer identity.
The EPS bearer identity is allocated by the UE or the MME.

The Packet Gateway (P-GW) is a network node connect-
ing the wireless communication network (for example, an
LTE network) and another network according to the present
invention. The EPS bearer is defined between the UE and the
P-GW. The EPS bearer is further subdivided between the
respective nodes, and the RB, the S1 bearer, and the S5/S8
bearer are defined between the UE and the base station,
between the base station and the S-GW, and between the
S-GW in the EPS and the P-GW, respectively. Each bearer
is defined through the QoS. The QoS is defined through a
data rate, an error rate, a delay, and the like.

Accordingly, if the QoS which needs to be entirely
provided by the wireless communication system is defined
as the EPS bearer, each QoS is defined for each interface.
Each interface is to set the bearer according to the QoS
which needs to be provided by the interface. Since The
bearer of each interface is provided by dividing the QoS of
the entire EPS bearer for each interface, the EPS bearer, the
RB, and the SI bearer basically have one-to-one relationship.

That is, the LTE wireless communication system basically
has a single flow structure and one RB is constituted for one
EPS bearer. In other words, one EPS bearer is mapped with
the S1 bearer through one RB. In the case of the single flow,
one EPS bearer is serviced through one RB. In this case, one
RB (for example, a PDCP entity, an RLC entity, a MAC
entity, and a PHY layer) is set in the base station for the
corresponding EPS bearer and one RB is set even in the UE.

FIG. 7 illustrates an example of a network structure of the
macro base station and the small base station in the case of
a single flow in a dual connectivity situation. FIG. 7 illus-
trates a case in which a service is provided to UE through
two EPS bearers.

Referring to FIG. 7, the macro base station includes two
PDCP entities, an RLC entity, an MAC entity, and a PHY
layer, but the small base station the RL.C entity, the MAC
entity, and the PHY layer. EPS bearer #1 700 provides the
service to the UE through RB (PDCP/RLC/MAC/PHY)
configured in the macro base station. On the contrary, EPS
bearer #2 750 provides the service to the UE through the
PDCP entity configured in the macro base station and the RB
(PDCP/RLC/MAC/PHY) configured in the small base sta-
tion. Therefore, the service is provided through one RB for
each EPS bearer in the single flow.

FIG. 8 illustrates an example of an EPS bearer structure
when multi-flows are configured in the dual connectivity
situation.

Referring to FIG. 8, when the multi-flows are configured,
the service is provided through not one RB but two RBs
configured in the macro base station and the small base
station, respectively with respect to one EPS bearer. The UE
may simultaneously receive the service through the RB
configured in the macro base station and the RB configured
in the small base station with respect to one EPS bearer. This
is a type in which one EPS bearer provides the service
through two RBs. As described above, in the case where one
EPS bearer provides the service to the UE through two or
more RBs, it regarded that the multi-flows are configured.
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FIG. 9 illustrates an example of a network structure of the
macro base station and the small base station in the case of
multi-flows.

Referring to FIG. 9, the macro base station includes the
PDCP entity, the RLC entity, the MAC entity, the PHY layer,
but the small base station includes the RLC entity, the MAC
entity, and the PHY layer. In FIG. 9, unlike FIG. 7, the RBs
are configured in the macro base station and the small base
station, respectively with respect to one EPS bearer 900 to
provide the service the UE. That is, the macro base station
and the small base station provide the service to the UE
through the multi-flows with respect to one EPS bearer.

Meanwhile, when the dual connectivity is considered,
packet delivery processes in the case of the single flow and
in the case of the multi-flows may be described below.

FIG. 10 illustrates a packet delivery process in the case of
the single flow when the dual connectivity is considered.

Referring to FIG. 10, a macro base station 1030 receives
packets for two EPS bearers, respectively through P-GW
and S-GW. Herein, flows in which the packets are transmit-
ted are mapped to each EPS bearer. It is assumed that
packets transmitted through EPS bearer #1 are packet 1 and
packets transmitted through EPS bearer #2 are packet 2.

A PDCP 1035-1 of the macro base station 1030 receives
packet 1 from the S-GW and a PDCP 1035-2 receives packet
2 from the S-GW. The PDCP 1035-1 generates PDCP PDU1
based on packet 1 and the PDCP PDUI1 is delivered to an
RLC 1040 of the macro base station 1030 and transformed
to a format suitable for each entity and layer to be trans-
mitted to UE 1000 through an MAC 1045 and a PHY 1050.

The PDCP 1035-2 of the macro base station 1030 gen-
erates PDCP PDU2 based on packet 2 and the PDCP PDU
2 is delivered to an RLC 1070 of a small base station 1060
and transformed to a format suitable for each entity and layer
to be transmitted to the UE through an MAC 1075 and a
PHY 1080.

Radio protocol entities are present in the UE 1000 with
respect to EPS bearer #1 and EPS bearer #2, respectively. In
other words, the PDCP/RLC/MAC/PHY entity (alterna-
tively, layer) is present in the UE 1000 with respect to EPS
bearer #1 and the PDCP/RLC/MAC/PHY entity (alterna-
tively, layer) is present with respect to EPS bearer #2. In
detail, a PHY 1005-1, an MAC 1010-1, an RL.C 1015-1, and
a PDCP 1020-1 are present with respect to EPS bearer #1
and service data and packets for EPS bearer #1 are pro-
cessed. A PHY 1005-2, an MAC 1010-2, an RLC 1015-2,
and a PDCP 1020-2 are present with respect to EPS bearer
#2 and service data and packets for EPS bearer #2 are
processed.

Meanwhile, the macro base station 1030 and the small
base station 1060 may be connected through an X2 interface.
That is, the macro base station 1030 delivers PDCP PDU2
of the PDCP 1035-2 to the RLC 1040 of the small base
station 1060 through the X2 interface. Herein, the X2
interface may be used as an X3 interface or another expres-
sion designating an interface between other macro base
station and other small base station. In this case, when the
X2 interface between the macro base station 1030 and the
small base station 1060 is constituted by a non-ideal back-
haul, the transmission delay of approximately 20 to 60 ms
may occur. However, even in this case, since the RLC
1015-1 and the PDCP 1020-1 for EPS bearer #1 and the RLC
1015-2 and the PDCP 1020-2 for EPS bearer #2 are sepa-
rately configured in the UE 1000, a problem does not occur
even when the RLLC SDUs are sequentially delivered from
the RLC entity to the PDCP entity of the AM.
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FIG. 11 illustrates a packet delivery process in the case of
the multi-flows when the dual connectivity is considered.

Referring to FIG. 11, a macro base station 1130 receives
packets for one EPS bearer through a P-GW and an S-GW.
The macro base station 1130 and a small base station 1160
configure RBs, respectively with respect to one EPS bearer.
In detail, the macro base station 1130 constitutes a PDCP
1135, an RLC 1140, an MAC 1145, and a PHY 1150 and the
small base station 1160 constitutes an RLC 1170, an MAC
1175, and a PHY 1180.

The PDCP 1135 of the macro base station 1130 receives
the packet from the S-GW. The PDCP 1135 generates PDCP
PDUs based on the packet and appropriately distributes and
delivers the PDCP PDUs to the RLC 1140 of the macro base
station 1130 and the RLC 1170 of the small base station 1160
according to a predefined rule or a predetermined method.
For example, PDCP PDUs having odd SNs among the
PDCP PDUs may be transmitted to the RL.C 1140 of the base
station 1130 and PDCP PDUs having even SNs may be
transmitted to the RLC 1170 of the small base station 1160.

The RLC 1140 generates RLC PDUI1(s) and the RLC
PDU1(s) is transformed to a format suitable for each entity
or layer to be transmitted to the UE 1100 through the MAC
1145 and the PHY 1150. Further, the RLC 1170 generates
RLC PDU2(s) and the RLC PDU2(s) is transformed to a
format suitable for each entity or layer to be transmitted to
the UE 1100 through the MAC 1175 and the PHY 1180.

Two radio protocol entities are present with respect to the
EPS bearer. In other words, the PDCP/RLC/MAC/PHY
entity (alternatively, layer) is present in the UE 1100 as the
RB corresponding to the macro base station 1130 and the
PDCP/RLC/MAC/PHY entity (alternatively, layer) is pres-
ent as the RB corresponding to the small base station 1160.
In detail, the PHY 1105-1, the MAC 1110-1, the RLC
1115-1, and a PDCP 1120 corresponding to the macro base
station 1130 are present and the PHY 1005-2, the MAC
1010-2, and the RL.C 1015-2 corresponding to the small base
station 1160 are present with respect to the EPS bearer. The
PDCP 1120 is a PDCP entity simultaneously corresponding
to the macro base station 1130 and the small base station
1160. That is, in this case, two RLC entities 1115-1 and
1115-2 are present at the UE 1100 end, but two RLC entities
1115-1 and 1115-2 correspond to one PDCP entity 1120.

As described above, the macro base station 1130 and the
small base station 1160 may be connected through the X2
interface. That is, the macro base station 1130 delivers some
of PDCP PDU2 of the PDCP 1135-2 to the RLC 1140 of the
small base station 1160 through the X2 interface. Herein, the
X2 interface may be used as an X3 interface or another
expression (for example, Xn) designating an interface
between other macro base station and other small base
station. In this case, when the X2 interface between the
macro base station 1130 and the small base station 1160 is
constituted by the non-ideal backhaul, the transmission
delay of approximately 20 to 60 ms may occur. The PDCP
entity 1120 of the UE 1100 receives RLC SDUs (that is,
PDCP PDUs) from two RLC entities 1115-1 and 1115-2,
respectively and generates PDCP SDUs and delivers the
generated PDCP SDUs to the upper layer and a difference in
time between receiving RLC SDUs (that is, PDCP PDUs)
received from the PDCP entity 1120 from the RLC entity
1115-1 and receiving RL.C SDUs (that is, PDCP PDUs) from
the RLC entity 1115-2 occurs and a problem may occur
when the PDCP entity 1120 sequentially transmits the PDCP
SDUs to the upper layer.

As illustrated in FIG. 11, one PDCP 1135 present in the
macro base station 1130 and one PDCP entity 1120 is
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present in the UE 1100 for the multi-flows in the dual
connectivity environment. In addition, the RLC entities
1140 and 1170 are present in the macro base station 1130 and
the small base station 1130, respectively and two RLC
entities 1115-1 and 1115-2 are present even in the UE 1100
to correspond to the RLC entities 1140 and 1170. That is,
in-sequence delivery to the upper layer may be guaranteed
at the RLC entities 1115-1 and 1115-2 ends of the UE 1100.
However, the RLC SDUs (that is, PDCP PDUs) are deliv-
ered from not one RLC entity but two RLC entities 1115-1
and 1115-2 at the PDCP entity 1120 end of the UE 1100.
In-sequence delivery at the RLC entities 1115-1 and 1115-2
may not guarantee in-sequence receiving of the PDCP PDUs
at the PDCP entity end. Further, the transmission delay of 20
to 60 ms may be accompanied in transmission of the PDCP
PDU(s) from the PDCP entity 1135 of the macro base station
1130 to the RLC entity 1170 of the small base station 1160
and a time delay may occur between transmission of the
PDCP PDU(s) toward the RLC entity 1140 of the macro
base station 1130 and transmission of the PDCP PDU(s)
toward the RLC entity 1170 of the macro base station 1160.
Consequently, even when the PDCP entity 1120 of the UE
1100 receives the PDCP PDU(s) transmitted by the PDCP
entity 1135 of the macro base station 1130, a difference in
receiving time between transmission through a lower end of
the RLC of the macro base station and transmission through
a lower end of the RLC of the small base station occurs and
it is difficult to for the PDCP entity 1120 of the UE 1100 to
sequentially receive the PDCP PDUC(s).

FIG. 12 illustrates an example of a PDCP PDU receiving
timing in a PDCP entity of UE. FIG. 12 exemplarily
illustrates a time when a PDCP PDU transmitted through a
macro base station and a PDCP PDU transmitted through a
small base station reach a PDCP entity of UE. The macro
base station may determine the PDCP PDU to be transmitted
through the macro base station and the PDCP PDU to be
transmitted through the small base station with respect to the
service for one EPS bearer. FIG. 12 exemplarily illustrates
a case in which odd numbers among PDCP sequence num-
bers (SNs) are transmitted through the macro base station
and even numbers are transmitted through the small base
station.

Referring to FIG. 12, there is a difference in time delay
between a receiving time of the PDCP PDCU transmitted
through the macro base station in the UE and a receiving
time of the PDCP PDCU transmitted through the small base
station in the UE. A transmission delay of approximately 20
to 60 ms may occur in the PDCP PDU transmitted through
the small base station. In this case, when the PDCP entity of
the UE non-sequentially receives the PDCP PDUs due to a
difference in time between RLC (AMD) SDUs delivered
from two RLC entities and the PDCP entity immediately
delivers the received PDCP PDUs to the upper layer (for
example, an application layer), sequential transmission is
not performed.

That is, since the PDCP PDU transmitted from one PDCP
entity of the macro base station is transmitted through the
RLC entity of the macro base station and the RL.C entity of
the small base station in the multi-flow structure, the time
delay occurs in receiving the PDCP PDU in the PDCP entity
of the UE. Accordingly, there is a problem in sequentially
transmitting the PDCP SDUs from the PDCP entity to the
upper layer.

The PDCP entity of the UE deciphers and header com-
presses the received PDCP PDCU and transmits the PDCP
SDU to the upper layer. In this case, when there is a PDCP
SDU having the sequence number which is smaller than the
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sequence number (SN) of the current PDCP SDU, the PDCP
SDUs are transmitted to the upper layer in the order from the
smaller SN to the larger SN.

Meanwhile, a transmission side of the PDCP entity may
operate a discard timer. Duration of the discard timer may be
configured from the upper layer and when the PDCP SDU
is received from the upper layer, the timer starts. When the
discard has expired, the PDCP entity discards the corre-
sponding PDCP SDU. Accordingly, even in the existing
case, a PDCP SDU of a specific SN may be missed due to
expiration of the discard timer.

That is, when the multi-flows are supported in the dual
connectivity situation, in the case where the PDCP PDUs are
not sequentially received, the case may be determined as any
one of two cases described below. However, which case of
two cases described below the case is may not be distin-
guished.

The first case may be a case in which the discard timer has
expired. In the base station, the discard timer is driven every
PDCP SDU processed by the PDCP entity of the base station
while uplink transmission. In the case where the quantity of
packets input into the PDCP by driving the discard timer is
larger than a predetermined reference, packets which are not
processed within the duration of the discard timer may be
discarded and the corresponding packets may be newly
processed based on a retransmission request performed in
the upper layer.

The second case may be a case of a receiving delay of a
transmission path of the PDCP PDU. The PDCP entity of the
macro base station may separate and transmit the PDCP
through the macro base station and the small base station due
to the multi-flows. In this case, a time difference may occur
at the time of receiving the PDCP PDU in the PDCP entity
of the UE due to a delay caused due to different paths.

In such a situation, in each of the case of the multi-flow
transmission path receiving delay and the case where the
PDCP discard timer has expired, a method that may sequen-
tially transmit the PDCP SDUs to the upper layer in the
PDCP entity of the UE is required.

A sequential transmission method of the PDCP SDUs to
the upper layer considering the multi-flows will be described
below.

The PDCP sequence number (SN) of the PDCP SDU
corresponding to the PDP PDU received in the PDCP entity
is confirmed and if the PDCP SN of the PDCP SDU is not
sequential (that is, when the SN prior to the PDCP SN of the
PDCP SDU is missed), an in-sequence timer for the PDCP
SDU is driven. In this case, the duration of the in-sequence
timer may be determined by considering the receiving delay
of the transmission path of the PDCP PDU in the case of the
multi-flows. Alternatively, the duration of the in-sequence
timer may be determined by considering an overall situation
of the system.

When the in-sequence timer for the PDCP SDU has
expired, the PDCP SDU is transmitted to the upper layer.
The reason is that when the PDCP PDU corresponding to the
PDCP SDU for the PDCP SN which is missed is not
received by the PDCP entity of the UE until the in-sequence
timer has expired, the corresponding PDCP SDU is removed
by the elapse of the discard timer at the transmission side of
the PDCP entity of the macro base station.

While the in-sequence timer for the PDCP SDU is run-
ning, when the PDCP PDU corresponding to the PDCP SDU
for the PDCP SN prior to (that is, missed from) the PDCP
SN of the PDCP SDU is received, and as a result, the PDCP
SDUs may be sequentially transmitted, the in-sequence
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timer has expired and the corresponding PDCP SDUs are
sequentially transmitted to the upper layer.

A transmission control protocol (TCP) is a protocol
designed based on sequential reception of the packets. When
the packet is not received in the TCP according to imple-
mentation, a window which may be transmitted at the TCP
end may be reduced, which may cause reduce the transmis-
sion efficiency. Accordingly, when the packet is transmitted
to the upper layer at a predetermined radio protocol end,
even though the delay time is added, guaranteeing the
sequential transmission may be more advantageous in terms
of the overall capability of the network.

FIG. 13 illustrates an example of sequential upper layer
transmission depending on the PDCP sequence number (SN)
in the PDCP entity of the UE. FIG. 13 illustrates a case in
which PDCH SDUs having odd PDCP SNs are received by
the UE through the macro base station and PDCP SDUs
having even PDCP SN are received by the UE through the
small base station.

Referring to FIG. 13, since there is no previous or missed
PDCP SN, PDCP SDU #1 may be transmitted to the upper
layer. However, in the case of PDCP SDU #3, at the time
when a PDCP PDU corresponding to the PDCP SDU #3 is
received by the PDCP entity of the UE, a PDCP PDU
corresponding to PDCP PDU #2 may not be received.
Accordingly, in this case, an in-sequence timer for PDCP
PDU #3 is driven. Similarly in the cases of PDCP SDU #5
and PDCP SDU #7, the in-sequence timer for each of PDCP
SDU #5 and PDCP SDU #7 is driven.

When PDCP SDU #2 is present in the PDCP entity of the
UE (that is, the PDCP PDU corresponding to PDCP SDU
#2) before the in-sequence timer for PDCP SDU #3 has
expired, the UE confirms that PDCP SDU #2 and PDCP
SDU #3 are sequentially present after PDCP SDU #1 and
sequentially delivers PDCP SDU #2 and PDCP SDU #3 to
the upper layer. In this case, the in-sequence timer for PDCP
SDU #3 expires or ends. However, even in this case, PDCP
SDU #4 has not yet reached and an in-sequence timer for
PDCP SDU #5 and an in-sequence timer for PDCP SDU #7
still operate.

Thereafter, when PDCP SDU #4 is present in the PDCP
entity of the UE before the in-sequence timer for PDCP SDU
#5 has expired, the UE transmits PDCP SDU #4 and PDCP
SDU #5 to the upper layer and the in-sequence timer for
PDCP SDU #5 expires or ends.

Further, when PDCP SDU #6 is present in the PDCP
entity of the UE before an in-sequence timer for PDCP SDU
#7 has expired, the UE transmits PDCP SDU #6 and PDCP

SDU #7 to the upper layer and the in-sequence timer for
PDCP SDU #7 expires or ends.

In the above description, the in-sequence timer duration
may be established when the PDCP entity is configured in
the macro base station. The in-sequence timer duration may
be established by considering a transmission delay time of
the backhaul between the macro base station and the small
base station.

The in-sequence timer may be transmitted from the macro
base station to the UE through the RRC message. In detail,
for example, the in-sequence timer may be included in a
PDCP configuration which is an RRC information element
as the following syntax.
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-- ASN1START
PDCP-Config ::=
discardTimer

SEQUENCE {
ENUMERATED {

ms50, ms100, ms150, ms300, ms500,

ms750, ms1500, infinity

} OPTIONAL, -- Cond Setup
inseqTimer ENUMERATED {
ms20, ms30, ms40, ms50, ms60,
OPTIONAL, -- Cond Setup
rlc-AM SEQUENCE {
statusReportRequired BOOLEAN
OPTIONAL, -- Cond Rlc-AM
rlc-UM SEQUENCE {
pdep-SN-Size ENUMERATED {len7bits, len12bits}
OPTIONAL, -- Cond Rlc-UM
headerCompression CHOICE {
notUsed NULL,
rohc SEQUENCE {
maxCID INTEGER (1..16383) DEFAULT 15,
profiles SEQUENCE {
profile0x0001 BOOLEAN,
profile0x0002 BOOLEAN,
profile0x0003 BOOLEAN,
profile0x0004 BOOLEAN,
profile0x0006 BOOLEAN,
profile0x0101 BOOLEAN,
profile0x0102 BOOLEAN,
profile0x0103 BOOLEAN,
profile0x0104 BOOLEAN
b
¥
b
rn-Integrity Protection-r10 ENUMERATED {enabled} =~ OPTIONAL -- Cond RN

i
11
[[ pdep-SN-Size-v11x0
11

-- ASN1STOP

ENUMERATED {lenl15bits} OPTIONAL

-- Cond Rlc-AM2

Referring to Table 1, the PDCP configuration information
element includes an inseqTimer field. The inseqTimer field
indicates an in-sequence timer value. The inseqTimer field is
driven when the PDCP SDU corresponding to the PDCP
PDU received by the PDCP entity is not sequentially formed
in the order of the PDCP SN. That is, when a PDCP SDU of
PDCP SN #n-1 smaller than PDCP SN #n of the PDCP SDU
is missed, the in-sequence timer may be driven with respect
to the PDCP SDU of the corresponding PDCP SN #n.

FIG. 14 illustrates a method for sequentially delivering
the PDCP SDU, which is performed by the UE considering
the multi-flows according to an embodiment of the present
invention.

Referring to FIG. 14, the UE confirms whether acquired
PDCP SDUs are sequentially present in the order of the
PDCP SN (S1400).

When the PDCP SDU of PDCP SN #n is present, but the
PDCP SDU of PDCP SN #n-1 is missed, the in-sequence
timer for the PDCP SDU of the PDCP SN f#n is driven
(S1410).

When the UE acquires the PDCP SDU of PDCP SN #n-1
before the in-sequence timer for the PDCP SDU of PDCP
SN #n has expired, the UE sequentially delivers the PDCP
SDU of PDCP SN #n-1 and the PDCP SDU of PDCP SN #n
(S1420).

When the in-sequence timer the PDCP SDU of PDCP SN
#n has expired in S1410, the UE delivers the PDCP SDU of
PDCP SN #n to the upper layer (S1430). The reason is that
this case is not the case by the receiving delay of the
transmission path of the PDCP PDU by the dual connectivity

40

50

55

but a case in which the PDCP SDU of PDCP SN #n-1 is
discarded by the PDCP discard timer.

FIG. 15 is a block diagram of a macro base station, a small
base station, and UE according to an embodiment of the
present invention.

Referring to FIG. 15, UE 1500 according to the embodi-
ment of the present invention may configure dual connec-
tivity with a macro eNB 1530 and a small eNB 1560.
Further, the UE 1500, the macro eNB 1530, and the small
eNB 1560 according to the present invention support the
aforementioned multi flow.

The macro eNB 1530 includes a macro transmitting unit
1535, a macro receiving unit 1540, and a macro processor
1550.

The macro receiving unit 1540 receives a packet for one
EPS bearer from the S-GW. The macro processor 1550
controls the PDCP entity of the macro eNB 1530 to generate
PDCP PDUs. The macro processor 1550 distributes the
PDCP PDUs according to a predetermined reference to
transfer (alternatively, transmit) some of the PDCP PDUs to
the RLC entity of the macro receiving unit 1540 and transmit
some of the PDCP PDUs to the UE through the macro
transmitting unit 1535. The macro processor 1550 transfers
(alternatively, transmits) others to the RLC entity of the
small eNB 1560 through the macro transmitting unit 1535.
In this case, the PDCP SDUs corresponding to the PDCP
PDUs may be divided and indicated to the SN.

Further, the macro processor 1550 generates information
on an in-sequence timer for the PDCP SDU and transmits
the information to the UE through the macro transmitting
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unit 1535. The information on the in-sequence timer may be
defined every PDCP SDU. The macro transmitting unit 1535
may transmit the information on the in-sequence timer
including the RRC message (for example, a RRC connection
reconfiguration message) to the UE 1500.

The small eNB 1560 includes a small transmitting unit
1565, a small receiving unit 1570, and a small processor
1580.

The small receiving unit 1570 receives the PDCP PDU
from the small eNB 1560.

The small processor 1580 processes the PDCP PDU by
controlling the RLC entity, the MAC entity, and the PHY
layer of the small eNB 1560 and transmits the processed
PDCP PDU to the UE through the small transmitting unit
1565.

The UE 1500 includes a UE receiving unit 1505, a UE
transmitting unit 1510, and a UE processor 1520. The UE
processor 1520 performs a function and a control required to
implement the aforementioned features of the present inven-
tion.

The UE receiving unit 1505 receives the information on
the in-sequence timer from the macro eNB 1530. The
information on the in-sequence timer may be defined every
PDCP SDU and the information on the in-sequence timer is
included in the RRC message (for example, the RRC con-
nection reconfiguration message) to be received by the UE
receiving unit 1505. In this case, the UE transmitting unit
1510 may transmit an RRC connection reconfiguration
complete message to the macro eNB 1530.

Further, the UE receiving unit 1505 receives data for the
respective PDCP PDUs from the macro eNB 1530 and the
small eNB 1560.

The UE processor 1505 analyzes the data and controls the
PHY layer(s), the MAC entity(s), the RLC entity(s), and the
PDCP entity to acquire the PDCP SDU.

The UE processor 1505 verifies the PDCP SN of the
PDCP SDU acquired from the PDCP entity and verifies
whether there is a PDCP SDU of omitted PDCP SN #n-1.
When there is the PDCP SDU of the omitted PDCP SN
#n-1, the UE processor 1505 operates the in-sequence timer
with respect to a PDCP SDU of the next PDCP SN #n of the
omitted PDCP SN #n-1.

When the UE processor 1505 acquires the PDCP SDU of
the omitted PDCP SN #n-1 before the in-sequence timer is
completed, the UE processor 1505 performs in-sequence
delivery of the PDCP SDU of the PDCP SN #n-1 and the
PDCP SDU of the PDCP SN #n to the upper layer.

When the in-sequence timer is completed, the UE pro-
cessor 1505 transfers the PDCP SDU of the PDCP SN #n to
the upper layer without waiting until the SDU of the omitted
PDCP SN #n-1 is acquired.

The above description is illustrative purpose only and
various modifications and transformations become apparent
to those skilled in the art within a scope of an essential
characteristic of the present invention. Accordingly, the
various embodiments disclosed herein are not intended to
limit the technical spirit but describe with the true scope and
spirit being indicated by the following claims. The scope of
the present invention may be interpreted by the appended
claims and the technical spirit in the equivalent range are
intended to be embraced by the invention.

What is claimed is:

1. A method for user equipment receiving multi-flow data
with respect to one evolved packet system (EPS) bearer
through a macro base station (macro eNB) and a small base
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station (small eNB) serving a single cell in a wireless
communication system supporting dual connectivity, the
method comprising:

receiving packet data convergence protocol (PDCP)

packet data units (PDUs) through the macro base
station and the small base station;

obtaining PDCP service data units (SDUs) corresponding

to the PDCP PDUs; and

receiving from the macro base station information related

to an in-sequence timer for the PDCP SDUs through a
radio resource control (RRC) message,

wherein the PDCP SDUs are indicated by a predefined

PDCP sequence number (SN),

wherein the RRC message includes a PDCP-configuration

information element (IE), and

the PDCP-configuration IE includes a field indicating a

value of the in-sequence timer.

2. The method of claim 1, further comprising:

confirming the respective PDCP SNs of the obtained

PDCP SDUs and performing in sequence delivery of
the PDCP SDUs to an upper layer from a PDCP entity
according to the PDCP SN.
3. The method of claim 2, further comprising:
confirming whether there is a PDCP SDU of PDCP SN
#n-1 which is missed notwithstanding obtaining a
PDCP SDU of PDCP SN #n; and

driving the in-sequence timer with respect to the PDCP
SDU of PDCP SN #n when there is the PDCP SDU of
PDCP SN #n-1 which is missed.

4. The method of claim 3, wherein before the in-sequence
timer for the PDCP SDU of PDCP SN #n has expired, when
the PDCP SDU of PDCP SN #n-1 is obtained, the PDCP
SDU of PDCP SN #n-1 and the PDCP SDU of PDCP SN #n
are delivered to the upper layer according to the order of the
PDCP SN.

5. The method of claim 2, wherein when the in-sequence
timer for the PDCP SDU of PDCP SN #n has expired, the
PDCP SDU of PDCP SN #n is delivered to the upper layer
of the PDCP entity even though there is no PDCP SDU of
PDCP SN #n-1.

6. A method for transmitting multi-flow data for one
evolved packet system (EPS) bearer to user equipment (UE)
from a macro base station (macro eNB) and a small base
station (small eNB) serving a single cell in a wireless
communication system supporting dual connectivity, the
method comprising:

generating packet data convergence protocol (PDCP)

packet data units (PDUs) in a PDCP entity with respect
to packets received by the macro base station according
to a PDCP sequence number (SN) of a PDCP service
data unit (SDU);

distributing the PDCP PDUs to radio link control (RLC)

entities of the macro base station and RLC entities of
the small base station according to a predetermined rule
and transmitting the distributed PDCP PDUs to the UE;
and

transmitting to the UE a radio resource control (RRC)

message including information related to an in-se-
quence timer for the PDCP SDUs;

wherein the RRC message includes a PDCP-configuration

information element (IE), and

the PDCP-configuration IE includes a field indicating a

value of the in-sequence timer.

7. The method of claim 6, wherein the RRC message
including the information related to the in-sequence timer is
an RRC connection reconfiguration message.
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8. A user equipment (UE) for receiving multi-flow data
with respect to one evolved packet system (EPS) bearer
through a macro base station (macro eNB) and a small base
station (small eNB) serving a single cell in a wireless
communication system supporting dual connectivity, the UE
comprising:

a receiving unit receiving packet data convergence pro-
tocol (PDCP) packet data units (PDUs) through the
macro base station and the small base station and
receiving from the macro base station information
related to in-sequence timer for the PDCP SDUs
through a radio resource control (RRC) message; and

a processor obtaining PDCP service data units (SDUs)
corresponding to the PDCP PDU,

wherein the PDCP SDUs are indicated by a predefined
PDCP sequence number (SN),

wherein the RRC message includes a PDCP-configuration
information element (IE), and

the processor determines the value of in-sequence timer
based on the PDCP-configuration IE.

9. The UE of claim 8, wherein the processor confirms the

processor confirms the respective PDCP SNs of the obtained
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PDCP SDUs and performs in-sequence delivery of the
PDCP SDUs to an upper layer from a PDCP entity according
to the PDCP SN.

10. The UE of claim 9, wherein the processor confirms
whether there is a PDCP SDU of PDCP SN #n-1 which is
missed notwithstanding obtaining a PDCP SDU of PDCP
SN #n; and

drives the in-sequence timer with respect to the PDCP

SDU of PDCP SN #n when there is the PDCP SDU of
PDCP SN #n-1 which is missed.

11. The UE of claim 10, wherein the processor delivers,
when the in-sequence timer for the PDCP SDU of PDCP SN
#n has expired, the PDCP SDU of PDCP SN #n to the upper
layer of the PDCP entity even though there is no PDCP SDU
of PDCP SN #n-1.

12. The UE of claim 10, wherein the processor delivers,
before the in-sequence timer for the PDCP SDU of PDCP
SN #n has expired, when the PDCP SDU of PDCP SN #n-1
is obtained, the PDCP SDU of PDCP SN #n-1 and the
PDCP SDU of PDCP SN #n to the upper layer according to
the order of the PDCP SN.

#* #* #* #* #*
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DELIVERY OF PROTOCOL DATA UNITS

BACKGROUND

[0001] 1. Field

[0002] Delivery of protocol data units or other suitable data
or information units in various communication systems can
be enhanced by appropriate methods and devices. For
example, in-sequence delivery of protocol data units received
in parallel from several lower-layer acknowledged-mode pro-
tocol entities may benefit from reordering timers and/or for-
warding status reports.

[0003] 2. Description of the Related Art

[0004] In the Evolved Universal Terrestrial Radio Access
Network (E-UTRAN) air-interface protocol stack, the Packet
Data Convergence Protocol (PDCP) currently lies above the
Radio Link Control (RLC) protocol. PDCP is currently
defined by third generation partnership project (3GPP) tech-
nical specification (TS)36.323, which is hereby incorporated
herein by reference. RLC is defined by 3GPP TS 36.322,
which is hereby incorporated herein by reference.

[0005] For PDCP, the listed ‘Services expected from lower
layers’ include among others: acknowledged data transfer
service, including indication of successful delivery of PDCP
protocol data units (PDUs) and in-sequence delivery, except
at re-establishment of lower layers.

[0006] Correspondingly, the following PDCP ‘Function’ is
listed: in-sequence delivery of upper layer PDUs at re-estab-
lishment of lower layers.

[0007] Instudies of dual connectivity in E-UTRAN, proto-
col stacks may be based on having independent RL.C in each
node for dual connectivity. FIG. 1 illustrates control/user
(C/U)-plane protocol stacks. More specifically, FIG. 1 illus-
trates multi-radio U-plane protocol stacks for offloading or
inter-site carrier aggregation.

[0008] On stage-2 level, the work-split in in-sequence
delivery between PDCP and RL.C exhibits itself, for example,
as follows in 3GPP TS 36.300 §§10.1.2.3 and 10.1.2.3.1,
which is hereby incorporated herein by reference. “Upon
handover, the source eNB may forward in order to the target
eNB all downlink PDCP SDUs [service data units] with their
SN that have not been acknowledged by the UE. . . . After a
normal handover, when the UE receives a PDCP SDU from
the target eNB, it can deliver it to higher layer together with all
PDCP SDUs with lower SNs regardless of possible gaps.”
[0009] The possible gaps mentioned above may occur
because, after handover, the PDCP at the UE may receive
PDUs whose reception failed before the handover, but only if
they were forwarded by the source eNB to the target eNB. In
any case, the PDCP at the UE is allowed to assume that PDUs
received after the handover arrive in increasing order of
PDUs’ sequence numbers.

[0010] The stage-3 realization of this principle looks as
follows in 3GPP TS 36.323 §§5.1.2,5.1.2.1,and 5.1.2.1.2: .
. . if the PDCP PDU received by PDCP is not due to the
re-establishment of lower layers: deliver to upper layers in
ascending order of the associated COUNT value: all stored
PDCP SDU(s) with an associated COUNT value less than the
COUNT value associated with the received PDCP SDU; all
stored PDCP SDU(s) with consecutively associated COUNT
value(s) starting from the COUNT value associated with the
received PDCP SDU . .. ”»

[0011] Thus, unless the PDU was flushed by RLC re-estab-
lishment, performed at handover to deliver all received RL.C
SDUs ciphered with the source eNB’s key, the system
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assumes that no PDU with lower SN will follow after the one
received, and deliver SDUs to higher layer accordingly.
[0012] Continuing from the same 3GPP TS: “. . . set Last_
Submitted_ PDCP_RX_SN to the PDCP SN of the last PDCP
SDU delivered to upper layers; else if received PDCP
SN=Last_Submitted_ PDCP_RX_SN+1 or received PDCP
SN=Last_Submitted_ PDCP_RX_SN—Maximum_PDCP_
SN: deliver to upper layers in ascending order of the associ-
ated COUNT value: all stored PDCP SDU(s) with consecu-
tively associated COUNT value(s) starting from the COUNT
value associated with the received PDCP SDU; set Last_
Submitted_ PDCP_RX_SN to the PDCP SN of the last PDCP
SDU delivered to upper layers.”

[0013] Thus, if the PDU was flushed by RLC re-establish-
ment, the system refrains from any SDU delivery to higher
layer that would leave a hole in the SN sequence of delivered
SDUs.

[0014] Accordingly, in the conventional procedure above,
there are two branches, the first of which assumes that no
unreceived PDU with lower SN can be expected after the one
received: the only exception to this assumption—the second
branch—is when PDUs are received due to RLC re-establish-
ment.

[0015] Another protocol-architecture option involves a dis-
tributed RLC protocol where, with reference to FIG. 1, the
PDCP entity at the eNB interfaces a co-located master RL.C
entity: this master RL.C may divide the RLC PDUs destined
towards the UE into those meant for a direct radio-interface
transmission via the co-located MAC/PHY layers, in the case
of what is called dual-radio mode, and to those to be trans-
mitted by a slave RLC entity operating at the LTE-Hi AP. As
in the previously discussed model, in this option there is
one-to-one mapping between PDCP bearers and RLC bearers
with data flow in given direction.

[0016] Accordingto 3GPP TS 36.322, each receiving unac-
knowledged-mode RLC entity implements the following:
VR(UR)—UM receive state variable, VR(UX), UM t-Reor-
dering state variable, VR(UH)—UM highest received state
variable, and t-Reordering. VR(UR)—UM receive state vari-
able can hold the value of the SN of the earliest UMD PDU
that is still considered for reordering. VR(UX)—UM t-Reor-
dering state variable can hold the value of the SN following
the SN of the UMD PDU which triggered t-Reordering.
VR(UH)—UM highest received state variable can hold the
value of the SN following the SN of the UMD PDU with the
highest SN among received UMD PDUs, and it serves as the
higher edge of the reordering window. t-Reordering is a timer
that is used by the receiving side of an AM RLC entity and
receiving UM RLC entity in order to detect loss of RLC PDUs
at lower layer.

[0017] 3GPP TS 36.322, §5.1.2.2.4 explains actions when
t-Reordering expires. Specifically, 3GPP TS 36.322 explains
that “When t-Reordering expires, the receiving UM RLC
entity shall: update VR(UR) to the SN of the first UMD PDU
with SN>=VR(UX) that has not been received; reassemble
RLC SDUs from any UMD PDUs with SN<updated
VR(UR), remove RLC headers when doing so and deliver the
reassembled RL.C SDUs to upper layer in ascending order of
the RLC SN if not delivered before; if VR(UH)>VR(UR):
start t-Reordering; set VR(UX) to VR(UH).”

SUMMARY

[0018] According to a first embodiment, a method includes
observing a gap in a sequence of protocol data units received
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from a plurality of lower-layer protocol entities providing
data transfer. The method also includes starting a timer upon
the gap observation. The method further includes preventing
the gap from blocking delivery of service data units to a
higher layer, when the timer expires.

[0019] In a variation, the method includes detecting a for-
warding-status report and immediately proceeding with data
delivery to higher layer, containing the gaps because of the
lack of forwarding at handover.

[0020] According to a second embodiment, a method
includes determining which protocol data unit sequence num-
bers will not be forwarded to a user equipment. The method
also includes explicitly identifying the protocol data unit
sequence numbers to the user equipment in a report.

[0021] According to a third embodiment, an apparatus
includes at least one processor and at least one memory
including computer program code. The at least one memory
and the computer program code are configured to, with the at
least one processor, cause the apparatus at least to observe a
gap in a sequence of protocol data units received from a
plurality of lower-layer protocol entities providing data trans-
fer. The at least one memory and the computer program code
are also configured to, with the at least one processor, cause
the apparatus at least to start a timer upon the gap observation.
The at least one memory and the computer program code are
further configured to, with the at least one processor, cause
the apparatus at least to prevent the gap from blocking deliv-
ery of service data units to a higher layer, when the timer
expires.

[0022] Inavariation, the at least one memory and the com-
puter program code are configured to, with the at least one
processor, cause the apparatus at least to detect a forwarding-
status report and immediately proceed with data delivery to
higher layer, containing the gaps because of the lack of for-
warding at handover.

[0023] According to a fourth embodiment, an apparatus
includes at least one processor and at least one memory
including computer program code. The at least one memory
and the computer program code are configured to, with the at
least one processor, cause the apparatus at least to determine
which protocol data unit sequence numbers will not be for-
warded to a user equipment. The at least one memory and the
computer program code are also configured to, with the at
least one processor, cause the apparatus at least to explicitly
identify the protocol data unit sequence numbers to the user
equipment in a report.

[0024] According to a fifth embodiment, an apparatus
includes observing means for observing a gap in a sequence
of'protocol data units received from a plurality of lower-layer
protocol entities providing data transfer. The apparatus also
includes starting means for starting a timer upon the gap
observation. The apparatus further includes preventing means
for preventing the gap from blocking delivery of service data
units to a higher layer, when the timer expires.

[0025] In a variation, the apparatus includes detecting
means for detecting a forwarding-status report and delivery
means for immediately proceeding with data delivery to
higher layer, containing the gaps because of the lack of for-
warding at handover.

[0026] According to a sixth embodiment, an apparatus
includes determining means for determining which protocol
data unit sequence numbers will not be forwarded to a user
equipment. The method also includes identifying means for
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explicitly identifying the protocol data unit sequence num-
bers to the user equipment in a report.

[0027] According to seventh and eighth embodiments,
respectively, a non-transitory computer-readable medium is
encoded with instructions that, when executed in hardware,
perform a process. The process is respectively the method of
the first embodiment and the second embodiment, in any of
their variations.

[0028] According to ninth and tenth embodiments, respec-
tively, a computer program comprising program instructions
which, when loaded into the apparatus, cause a computer
system to perform the method of the first embodiment and the
second embodiment, in any of their variations.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] Forproperunderstanding of the invention, reference
should be made to the accompanying drawings, wherein:
[0030] FIG. 1 illustrates a protocol-architecture option
involving independent RL.C protocol bearers serving a single
PDCP bearer.

[0031] FIG. 2 illustrates timer usage according to certain
embodiments.
[0032] FIG. 3 illustrates forwarding-status report handling

according to certain embodiments.

[0033] FIG. 4 illustrates a system according to certain
embodiments.

DETAILED DESCRIPTION
[0034] In certain embodiments, unlike in E-UTRAN’s cur-

rent bearer model, the PDCP bearer terminated at the user
equipment and the eNB is carried over two independent RL.C
bearers, one over each of the two radio interfaces of the user
equipment. Thus, in certain embodiments, the bearer is an
acknowledged-mode (AM) bearer. In this discussion, eNB is
one example of an access point.

[0035] When considering the renewed bearer model shown
in FIG. 1, where a plurality of independent RLC-AM bearers
may be harnessed to convey data of a PDCP bearer, the PDCP
entity at the user equipment may be bound to receive PDCP
protocol data units from multiple underlying RL.C entities in
a highly interlaced manner. In other words, conditions where
the assumption holds, that no unreceived PDU with lower SN
can be expected after the one received, become a rare excep-
tion, rather than the rule. The only exception may be created
by inter-eNB handover of the network-side PDCP entity,
where the source eNB does not carry out forwarding of PDCP
protocol data units not yet successfully delivered to the user
equipment. But this exception may need to be handled prop-
erly: if the PDCP at the user equipment always waits for
reception gaps to be filled before delivery of data to higher
layer, then at a handover without forwarding the bearer may
go into deadlock, because the gaps created by packets that
were not forwarded will never be received.

[0036] Certain embodiments provide apparatuses and
methods for the PDCP entity at the user equipment to deduce
when not to expect reception gaps to be filled.

[0037] For example, certain embodiments utilize a timer,
such as a reordering timer, as shown in FIG. 2. In order for the
PDCP entity, receiving protocol data units from a plurality of
RLC-AM entities running below, to conclude when a gap in
received protocol data units can no longer be expected to be
filled, the timer and its handling, along with the related state
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variables needed, that are currently specified for RLC-UM
can be repurposed for AM data transfer.

[0038] As shown in FIG. 2, a timer, such as a reordering
timer, can be started at 320 whenever a gap in the received
protocol data units is observed at 310, such as by observing a
gap in a sequence of protocol data units. The protocol data
units may be received from a plurality of lower-layer protocol
entities providing data transfer. The protocol data units may
be received in an alternating fashion. Each of the lower-layer
entities may provide acknowledged transfer of protocol data
units. Once the timer expires at 330, that gap is no longer
allowed to block delivery of service data units to higher layer,
at 340. A state variable like VR(UX) can be introduced in
PDCP, whereas state variables like VR(UR) and VR(UH)
may have simple relations to the currently existing PDCP
state variables Last_Submitted PDCP_RX_ SN and Next_
PDCP_RX_SN, respectively. Preventing the block of deliv-
ery can be carried out by proceeding with the delivery of
service data units to the higher layer without a delay caused
by waiting for protocol data units. Reception of the protocol
data units from more than one lower-layer protocol entities
can be at least substantially parallel in nature and the plurality
of lower-layer protocol entities can be acknowledged-mode
protocol entities.

[0039] The timer’s expiry value can be configured by radio
resource control (RRC) at 350, and can be set at 360 long
enough so that the timer does not expire during normal deliv-
ery delay of protocol data units sent by the eNB to the user
equipment via a small-cell node, for example, including all
possible HARQ and ARQ retransmissions at MAC and RL.C
level therein, respectively. Because of this need to set the
timer expiry to fairly long values, in the case of inter-eNB
handover where the source does not forward PDCP Service
data units and hence gaps will remain, the data delivery to
higher layer by the user equipment will be considerably
delayed.

[0040] Moreover, certain embodiments utilize a forward-
ing-status report to shorten the delay described above. FIG. 3
illustrates forwarding-status report handling according to cer-
tain embodiments. A forwarding-status report can be a new
PDCP control PDU by which the network, for example the
handover-target eNB, can explicitly tell the user equipment
(after handover) at 410, which protocol data unit sequence
numbers (PDU SNs) the user equipment should not expect to
receive at all. Optionally, at 420 the forwarding-status report
can possibly also tell the user equipment (after handover),
which protocol data unit sequence numbers the user equip-
ment should expect to receive. Thus, at 410, a control data
unit, such as a forwarding status report, can be sent identify-
ing at least one protocol data unit that should not be expected
to be received.

[0041] The information received, at 430, in such a report by
the user equipment can then override any prevailing uncer-
tainty regarding the concerned unreceived protocol data units
because of which timer may already be running as the user
equipment can determine at 440 whether additional protocol
data unit sequence numbers are expected. At 435, the method
can include preventing the at least one identified protocol data
unit from blocking delivery of service data units to a higher
layer. The user equipment can immediately proceed, at 450,
with data delivery to a higher layer, containing gaps because
of the lack of forwarding at handover. In cases where the
handover-target eNB observes that no gap in SNs should
occur in the PDCP protocol data units delivered to the user
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equipment, it can simply refrain from sending such a report.
Thus, at 405, a determination regarding whether to send the
report can be made. At 435, the at least one identified protocol
data unit is prevented from blocking delivery of service data
units to a higher layer.

[0042] In principle, the timer can be used independently of
the forwarding status report. The timer may introduce addi-
tional, continuously running procedures for a protocol entity
to execute. Those procedures may only change operation, for
example when a gap among received protocol data units
proves permanent, in a scenario in which a handover exists
without forwarding. Activation of the feature, at 370, for
example by radio resource control when a handover com-
mand is received, is one option. Conventionally, PDCP does
not know if PDCP re-establishment is invoked because of
handover. Moreover, at 380, deactivation of the feature can be
performed by an indication from the peer PDCP entity at the
handover-target eNB, that possible gaps no longer occur in
protocol data units’ SN after an indicated SN. This indica-
tion may be considered one form of forwarding-status report.
The possibility of having the feature either active or inactive
may require separate branches in procedure descriptions.
[0043] Relying on a forwarding-status report alone may
require that its reception by the user equipment be made
certain, since losing such a report in transit may mean that the
PDCP at the user equipment goes into deadlock waiting for
reception gaps to be filled, which never will. Possible options
to ensure delivery may include features such as relying on an
underlying acknowledged-mode delivery of RLC AM and/or
requiring explicit acknowledgement of reception of the for-
warding-status report at PDCP level, for which the sending
node can await confirmation at 460. A PDCP Control PDU
may be defined for the purpose. Moreover, the forwarding-
status report can be retransmitted at 470 if no acknowledge-
ment is received within a predetermined amount of time.
[0044] Certain embodiments, thus, provide apparatuses
and methods for when a PDCP entity receiving protocol data
units from multiple RLC-AM entities should and should not
assume gap-less reception of protocol data units, and how to
deliver Service data units to higher layer accordingly.
[0045] In the certain embodiments in which both a timer
and a forwarding-status report are included, the following
features may be part of a PDCP procedure. For example, it
may be specified that if reception of PDCP Data protocol data
units from only one DRB mapped on RLC AM has been
configured and the PDCP PDU received by PDCP is not due
to the re-establishment of lower layers: deliver to upper layers
in ascending order of the associated COUNT value: all stored
PDCP SDU(s) with an associated COUNT value less than the
COUNT value associated with the received PDCP SDU; all
stored PDCP SDU(s) with consecutively associated COUNT
value(s) starting from the COUNT value associated with the
received PDCP SDU; set Last_Submitted_ PDCP_RX_SN to
the PDCP SN ofthe last PDCP SDU delivered to upper layers;
else if received PDCP SN=Last_Submitted PDCP_RX_
SN+1 or received PDCP SN=Last_Submitted PDCP_RX_
SN—Maximum PDCP SN: deliver to upper layers in ascend-
ing order of the associated COUNT value: all stored PDCP
SDU(s) with consecutively associated COUNT value(s) start-
ing from the COUNT value associated with the received
PDCP SDU; set Last_Submitted_ PDCP_RX_SN to the
PDCP SN of'the last PDCP SDU delivered to upper layers. It
should be understood that this is just one example embodi-
ment.
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[0046] In addition, t-Reordering and a state variable like
VR(UX) can be handled similar to what is shown in 3GPP TS
36.322 sections 5.1.2.2.3, 5.1.2.2.4, which are hereby incor-
porated herein by reference.

[0047] Furthermore, it can be specified that, regarding the
reception of PDCP forwarding-status report, when a PDCP
forwarding-status report is received in the downlink, for radio
bearers that are mapped on RLC AM: for each PDCP SN [or
COUNT value] indicated in the report as not to be expected
for reception, the user equipment shall update all related state
variables and t-Reordering as further specified, and deliver
other Service data units to higher layer, as if a PDCP Data
PDU with that PDCP SN was received.

[0048] FIG. 4 illustrates a system according to certain
embodiments of the invention. It should be understood that
each block of the flowchart of FIG. 2 or 3 and any combina-
tion thereof may be implemented by various means or their
combinations, such as hardware, software, firmware, one or
more processors and/or circuitry. In one embodiment, a sys-
tem may comprise several devices, such as, for example,
network element 510 and user equipment (UE) or user device
520. The system may comprise more than one UE 520 and
more than one network element 510, although only one of
each is shown for the purposes of illustration. A network
element can be an access point, a base station, an eNode B
(eNB), server, host or any of the other network elements
discussed herein. Each of these devices may comprise at least
one processor or control unit or module, respectively indi-
cated as 514 and 524. At least one memory may be provided
in each device, and indicated as 515 and 525, respectively.
The memory may comprise computer program instructions or
computer code contained therein. One or more transceiver
516 and 526 may be provided, and each device may also
comprise an antenna, respectively illustrated as 517 and 527.
Although only one antenna each is shown, many antennas and
multiple antenna elements may be provided to each of the
devices. Other configurations of these devices, for example,
may be provided. For example, network element 510 and UE
520 may be additionally configured for wired communica-
tion, in addition to wireless communication, and in such a
case antennas 517 and 527 may illustrate any form of com-
munication hardware, without being limited to merely an
antenna. Likewise, some network elements 510 may be solely
configured for wired communication, and such cases antenna
517 may illustrate any form of wired communication hard-
ware, such as a network interface card.

[0049] Transceivers 516 and 526 may each, independently,
be a transmitter, a receiver, or both a transmitter and a
receiver, or a unit or device that may be configured both for
transmission and reception. The transmitter and/or receiver
(as far as radio parts are concerned) may also be implemented
as a remote radio head which is not located in the device itself,
but in a mast, for example. It should also be appreciated that
according to the “liquid” or flexible radio concept, the opera-
tions and functionalities may be performed in different enti-
ties, such as nodes, hosts or servers, in a flexible manner. In
other words, “division of labour” may vary case by case. One
possible use is to make a network element to deliver local
content. One or more functionalities may also be imple-
mented as a virtual application that is as software that can run
on a servet.

[0050] A user device or user equipment may be a mobile
station (MS) such as a mobile phone or smart phone or mul-
timedia device, a computer, such as a tablet, provided with
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wireless communication capabilities, personal data or digital
assistant (PDA) provided with wireless communication capa-
bilities, portable media player, digital camera, pocket video
camera, navigation unit provided with wireless communica-
tion capabilities or any combinations thereof

[0051] Inanexemplary embodiment, an apparatus, such as
a node or user device, may comprise means for carrying out
embodiments described above in relation to FIG. 2 or 3. Inan
exemplary embodiment, an apparatus, such as a user device,
may comprise means (524) for observing a gap in received
protocol data units, starting a timer upon the gap observation
and preventing the gap from blocking delivery of service data
units to a higher layer, when the timer expires. Another exem-
plary apparatus, such as a node, may comprise means (514)
for determining which protocol data unit sequence numbers
will not be forwarded to user equipment; and explicitly iden-
tifying the protocol data unit sequence numbers to the user
equipment in a report.

[0052] Processors 514 and 524 may be embodied by any
computational or data processing device, such as a central
processing unit (CPU), digital signal processor (DSP), appli-
cation specific integrated circuit (ASIC), programmable logic
devices (PLDs), field programmable gate arrays (FPGAs),
digitally enhanced circuits, or comparable device or a com-
bination thereof The processors may be implemented as a
single controller, or a plurality of controllers or processors.
[0053] For firmware or software, the implementation may
comprise modules or unit of at least one chip set (e.g., proce-
dures, functions, and so on). Memories 515 and 525 may
independently be any suitable storage device, such as a non-
transitory computer-readable medium. A hard disk drive
(HDD), random access memory (RAM), flash memory, or
other suitable memory may be used. The memories may be
combined on a single integrated circuit as the processor, or
may be separate therefrom. Furthermore, the computer pro-
gram instructions may be stored in the memory and which
may be processed by the processors can be any suitable form
of computer program code, for example, a compiled or inter-
preted computer program written in any suitable program-
ming language. The memory or data storage entity is typically
internal but may also be external or a combination thereof,
such as in the case when additional memory capacity is
obtained from a service provider. The memory may be fixed
or removable.

[0054] Thememory and the computer program instructions
may be configured, with the processor for the particular
device, to cause a hardware apparatus such as network ele-
ment 510 and/or UE 520, to perform any of the processes
described above (see, for example, FIGS. 2 and 3). Therefore,
in certain embodiments, a non-transitory computer-readable
medium may be encoded with computer instructions or one or
more computer program (such as added or updated software
routine, applet or macro) that, when executed in hardware,
may perform a process such as one of the processes described
herein. Computer programs may be coded by a programming
language, which may be a high-level programming language,
such as objective-C, C, C++, C#, Java, etc., or a low-level
programming language, such as a machine language, or
assembler. Alternatively, certain embodiments of the inven-
tion may be performed entirely in hardware.

[0055] Furthermore, although FIG. 4 illustrates a system
including a network element 510 and a UE 520, embodiments
of the invention may be applicable to other configurations,
and configurations involving additional elements, as illus-
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trated and discussed herein. For example, multiple user
equipment devices and multiple network elements may be
present, or other nodes providing similar functionality, such
as nodes that combine the functionality of a user equipment
and an access point, such as a relay node.

[0056] One having ordinary skill in the art will readily
understand that the invention as discussed above may be
practiced with steps in a different order, and/or with hardware
elements in configurations which are different than those
which are disclosed. Therefore, although the invention has
been described based upon these preferred embodiments, it
would be apparent to those of skill in the art that certain
modifications, variations, and alternative constructions
would be apparent, while remaining within the spirit and
scope of the invention. For example, while a protocol data
unit is used an example, certain embodiments are applicable
not only to a protocol data unit but to any other suitable data
or information unit. In order to determine the metes and
bounds of the invention, therefore, reference should be made
to the appended claims.

GLOSSARY

[0057] ACK Positive acknowledgement
[0058] AM Acknowledged Mode
[0059] NACK Negative acknowledgement
[0060] RLC Radio Link Control
[0061] PDCP Packet Data Convergence Protocol
[0062] PDU Protocol Data Unit
[0063] SN Sequence Number
[0064] UM Unacknowledged Mode

We claim:

1. A method, comprising:

observing a gap in a sequence of protocol data units
received from a plurality of lower-layer protocol entities
providing data transfer;

starting a timer upon the gap observation; and

preventing the gap from blocking delivery of service data

units to a higher layer, when the timer expires.

2. The method of claim 1, further comprising:

configuring the timer’s expiry value by radio resource con-

trol.

3. The method of claim 1, wherein the preventing is carried
out by proceeding with the delivery of service data units to the
higher layer without a delay caused by waiting for protocol
data units.

4. The method of claim 1, wherein reception of the protocol
data units from more than one lower-layer protocol entities is
at least substantially parallel in nature and the plurality of
lower-layer protocol entities are acknowledged-mode proto-
col entities.

5. The method of claim 1, wherein the starting the timer is
further contingent upon determining whether use of the timer
is activated or deactivated.

6. A method, comprising:

receiving a control data unit, the control data unit identi-

fying at least one protocol data unit that should not be
expected to be received; and

preventing the at least one identified protocol data unit

from blocking delivery of service data units to a higher
layer.

7. The method of claim 6, wherein the identifying the at
least one protocol data unit is carried out by using sequence
numbers.
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8. The method of claim 6, wherein the preventing is carried
out by proceeding with the delivery of service data units to a
higher layer without a delay caused by waiting for protocol
data units.

9. The method of claim 6, wherein the control data unit
identifies at least one protocol data unit that should be
expected to be received.

10. A method, comprising:

determining at least one protocol data unit that will not be

delivered to a data-receiving entity; and

sending a control data unit, identifying the at least one

protocol data unit.

11. The method of claim 10, wherein the identifying the at
least one protocol data unit is carried out by using sequence
numbers.

12. The method of claim 10, wherein the control data unit
identifies one or more protocol data units that should be
expected to be received.

13. The method of claim 10, further comprising:

awaiting confirmation of reception of the control data unit;

and

retransmitting the control data unit when confirmation is

not received within a predetermined amount of time.

14. The method of claim 10, wherein the sending is con-
tingent on a prior determination of whether or not to send the
control data unit based on whether the delivery of protocol
data units will not take place.

15. An apparatus, comprising:

at least one processor; and

at least one memory including computer program code,

wherein the at least one memory and the computer program

code are configured to, with the at least one processor,
cause the apparatus at least to

observe a gap in a sequence of protocol data units received

from a plurality of lower-layer protocol entities provid-
ing data transfer;

start a timer upon the gap observation; and

prevent the gap from blocking delivery of service data units

to a higher layer, when the timer expires.

16. The apparatus of claim 15, wherein the at least one
memory and the computer program code are configured to,
with the at least one processor, cause the apparatus at least to
configure the timer’s expiry value by radio resource control.

17. The apparatus of claim 15, wherein the preventing is
carried out by proceeding with the delivery of service data
units to the higher layer without a delay caused by waiting for
protocol data units.

18. The apparatus of claim 15, wherein reception of the
protocol data units from more than one lower-layer protocol
entities is at least substantially parallel in nature and the
plurality of lower-layer protocol entities are acknowledged-
mode protocol entities.

19. The apparatus of claim 15, wherein the starting the
timer is further contingent upon determining whether use of
the timer is activated or deactivated.

20. An apparatus, comprising:

at least one processor; and

at least one memory including computer program code,

wherein the at least one memory and the computer program

code are configured to, with the at least one processor,
cause the apparatus at least to

receive a control data unit, the control data unit identifying

at least one protocol data unit that should not be expected
to be received; and

ONEPLUS - EX. 1005





US 2014/0301362 Al

prevent the at least one identified protocol data unit from

blocking delivery of service data units to a higher layer.

21. The apparatus of claim 20, wherein the at least one
memory and the computer program code are configured to,
with the at least one processor, cause the apparatus at least to
identify the at least one protocol data unit by using sequence
numbers.

22. The method of claim 20, wherein the at least one
memory and the computer program code are configured to,
with the at least one processor, cause the apparatus at least to
prevent the blocking of delivery by proceeding with the deliv-
ery of service data units to a higher layer without a delay
caused by waiting for protocol data units.

23. The apparatus of claim 20, wherein the control data unit
is configured to identify at least one protocol data unit that
should be expected to be received.

24. An apparatus, comprising:

at least one processor; and

at least one memory including computer program code,

wherein the at least one memory and the computer program

code are configured to, with the at least one processor,
cause the apparatus at least to

determine at least one protocol data unit that will not be

delivered to a data-receiving entity; and
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send a control data unit, identifying the at least one proto-

col data unit.

25. The apparatus of claim 24, wherein the at least one
memory and the computer program code are configured to,
with the at least one processor, cause the apparatus at least to
identify the at least one protocol data unit by using sequence
numbers.

26. The apparatus of claim 24, wherein the control data unit
is configured to identify one or more protocol data units that
should be expected to be received.

27. The apparatus of claim 24, wherein the at least one
memory and the computer program code are configured to,
with the at least one processor, cause the apparatus at least to

await confirmation of reception of the control data unit; and

retransmit the control data unit when confirmation is not
received within a predetermined amount of time.

28. The apparatus of claim 24, wherein the at least one
memory and the computer program code are configured to,
with the at least one processor, cause the apparatus at least to
send the control data unit contingent on a prior determination
of whether or not to send the control data unit based on
whether delivery of protocol data units will not take place.

#* #* #* #* #*
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METHOD AND APPARATUS FOR
SUPPORTING CONFIGURATION AND
CONTROL OF THE RLC AND PDCP
SUB-LAYERS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 61/012,096, filed Dec. 7, 2007, and of
U.S. Provisional Application No. 61/012,278, filed Dec. 7,
2007, which are incorporated by reference as if fully set forth.

FIELD OF INVENTION

[0002] This application is related to wireless communica-
tions.

BACKGROUND
[0003] Wireless communication systems are well known in

the art. Communications standards are developed in order to
provide global connectivity for wireless systems and to
achieve performance goals in terms of, for example, through-
put, latency and coverage. One current standard in wide-
spread use, called Universal Mobile Telecommunications
Systems (UMTS), was developed as part of Third Generation
(3G) Radio Systems, and is maintained by the Third Genera-
tion Partnership Project (3GPP).

[0004] FIG. 1 shows an overview of a system architecture
of a conventional UMTS network 100, which includes a
UMTS Terrestrial Radio Access Network (UTRAN), 101.
The UTRAN, 101, has one or more radio network controllers
(RNCs) 104 and base stations 102, referred to as Node Bs or
evolved Node Bs (eNode Bs) by 3GPP, which collectively
provide for the geographic coverage for wireless communi-
cations with a wireless transmit/receive units (WTRUs) 105,
referred to as user equipments (UEs) by 3GPP. The geo-
graphic coverage area of a Node B 102 is referred to as a cell.
The UTRAN is connected to a core network (CN) 103.
[0005] An objective of the Evolved Universal Mobile Tele-
communications System (UMTS) Terrestrial Radio Access
(E-UTRA) program and the UMTS Terrestrial Radio Access
Network (UTRAN) program of the 3GPP is to develop a
packet-optimized radio access network with high data rates,
low-latency, and improved system capacity and coverage. To
achieve these goals, an evolution of the radio interface as well
as the radio network architecture should be considered. For
example, instead of using code division multiple access
(CDMA) currently used in 3GPP, Orthogonal Frequency
Division Multiple Access (OFDMA) and FDMA are pro-
posed air interface technologies to be used in the downlink
and uplink transmissions, respectively. Another proposed
change is to apply an all packet switched service in the long
term evolution (LTE) project. This means voice calls will be
made on a packet switched basis.

[0006] FIG. 2 shows a wireless communication system 200
including a wireless transmit/receive unit (WTRU) 201 and
an evolved Node B (eNB) 202 including a conventional LTE
user-plane protocol stack. In each of the WTRU 201 and the
base station 202 is a 3GPP LTE user-plane protocol stack
architecture that includes several layers/entities. The WTRU
201 includes a radio resource control layer/entity(s) (RRC)
203A, a packet data convergence protocol (PDCP) layer/
entity(s) 204A, a radio link control (RLC) layer/entity(s)
205A, a medium access control (MAC) layer/entity(s) 206A
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and a physical (PHY) layer/entity(s) 207A. The base station
202 includes a RRC layer/entities 203B, a PDCP layer/entity
(s) 204B, an RLC layer/entity(s) 205B, a MAC layer/entity(s)
206B and a physical layer/entity(s) 207B. The PDCP 204 A/
B, RLC 205A/B and MAC 206A/B may also be referred to as
sublayers of layer 2 (L2), whereas the PHY layer 207A/B
may also be referred to as layer 1 (L1).

[0007] The RRC sublayer 203A/B, part of layer 3, handles
the control signaling of layer 3 between the WTRU and the
eNB. It makes handover decisions based on measurement
reports from the WTRU and executes transmission of the
WTRU context from the source eNB to the target eNB during
the handover. The RRC sublayer 203A/B is also responsible
for setting up and maintaining radio bearers. The RRC pro-
tocol includes the following functions. The RRC protocol
handles broadcast of system information including access
stratum (AS) and non-access stratum (NAS), paging, and
RRC connection control including assignment and/or modi-
fication of temporary WTRU cell radio network temporary
identifier (C-RNTI), and establishment, modification and/or
release of system radio blocks (SRB) SRB1 and SRB2. The
RRC protocol also handles RRC connection mobility (han-
dover) including intra-frequency, inter-frequency and inter-
radio access technology (RAT) selection, and specification of
RRC context information transferred between network
nodes. The RRC protocol also handles cell selection and
reselection control including neighboring cell information,
indication of cell selection and re-selection parameters, and
intra-frequency, inter-frequency and inter-RAT selection.

[0008] The RRC protocol also handles measurement con-
figuration control and reporting including establishment,
modification and/or release of measurements (e.g. intra-fre-
quency, inter-frequency and inter-RAT mobility, quality,
WTRU internal, and positioning), configuration and activa-
tion and de-activation of measurement gaps and measurement
reports. The RRC protocol also handles security management
including configuration of AS integrity protection (CP) and
AS ciphering (CP, UP), and radio configuration control
including establishment, modification and release of user
plane radio bearers (RBs) including Automatic Repeat
Request (ARQ) configuration, and assignment and modifica-
tion of hybrid ARQ (HARQ) and discontinuous reception
(DRX) configurations. The RRC protocol also handles QoS
control including configuration of semi-persistent allocations
for initial HARQ transmissions in the downlink, covering a
limited set of possible resources that are blindly decoded by
the WTRU, and assignment and/or modification of param-
eters for uplink rate control in the UE such as allocation of a
priority and a prioritized bit rate (PBR) foreach RB. The RRC
protocol handles transfer of dedicated NAS information and
multicast and broadcast including notification of service and
session start, indication of available services, establishment
and/or modification release of RBs. The RRC protocol also
handles the indication of access restrictions, recovery from
out of service, WIRU capability transfer, support for E-UT-
RAN sharing and generic protocol error handling.

[0009] The Long Term Evolution (LTE) project architec-
ture Layer 2 user-plane protocol, is divided into three sublay-
ers: Medium Access Control (MAC), Radio Link Control
(RLC) and Packet Data Control Protocol (PDCP). While the
transport channels describe how and what data is transferred,
the logical channels between the MAC and RLC sublayers
describe what is transferred. Each logical channel type is
defined by what kind of information is transferred. The logi-
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cal channels are divided in two groups which are control
channels and traffic channels. The control channels are used
for transter of control plane information, and the traffic chan-
nels are used for transfer of user plane information.

[0010] The PDCP sublayer performs robust header com-
pression (ROHC) to improve transmission for latency sensi-
tive data such as voice over IP (VoIP) and video telephony. It
also has ciphering abilities for security. The PDCP sublayer
provides the following main services and functions. The
PDCP sublayer provides header compression and decom-
pression of internet protocol (IP) data flows using the ROHC
protocol, at the transmitting and receiving entity, respectively,
and transfer of data including user plane or control plane data.
The PDCP sublayer provides maintenance of PDCP sequence
numbers for radio bearers mapped on RL.C acknowledged
mode, in-sequence delivery of upper layer PDUs at handover,
and duplicate elimination of lower layer SDUs at handover
for radio bearers mapped on RL.C acknowledged mode. The
PDCP sublayer also provides ciphering and deciphering of
user plane data and control plane data, integrity protection of
control plane data, and timer based discard.

[0011] The RLC sublayer supports three types of data
transmission modes: Acknowledge Mode (AM), Unacknowl-
edged Mode (UM) and Transparent Mode (TM). For AM,
automated retransmit request (ARQ) is used for retransmis-
sions. ARQ can also be used for status report signaling and for
resetting the transmitting and receiving RLC entities. The
RLC sublayer also supports segmentation and concatenation
of RLC system data units (SDUs). When an RLC packet data
unit (PDU) does not fit entirely into a MAC SDU, the RLC
SDU will be segmented into variable sized RLC PDUs, which
do not include any padding. Re-segmentation of PDUs can be
performed when a re-transmitted PDU does not fit into a
MAC SDU. The number of re-segmentations is unlimited.
SDUs and segments of SDUs are concatenated into PDUS .
[0012] The RLC sublayer provides the following main ser-
vices and functions. The RLC provides transfer of upper layer
PDUs supporting AM, UM and TM data transfer. The RL.C
provides in-sequence delivery of upper layer PDUs except at
handover in the uplink (UL), error correction through ARQ,
and duplicate detection. The RLC also provides segmentation
for dynamic PDU size according to the size of the transport
block (TB) without including the padding, and re-segmenta-
tion of PDUs that need to be retransmitted. The RLC also
provides concatenation of SDUs for the same radio bearer,
protocol error detection and recovery, flow control between
an eNB and wireless transmit receive unit (WTRU), SDU
discard and reset.

[0013] The RRC sublayer provides PDCP and RL.C con-
figuration parameters for the SRB and data radio blocks
(DRBs) as part of the radio resource configuration for con-
figuration of the PDCP and RLC in the receiving entity
(WTRU or eNB) by the transmitting entity (eNB or WTRU).
A conventional radio resource configuration including PDCP
and RLC configuration parameters is shown in Table 1.

TABLE 1

Radio Resource Configuration
Radio Resource Configuration
Parameters

SRB list
Parameters for each SRB
PDCP configuration, for SRBs
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TABLE 1-continued

Radio Resource Configuration
Radio Resource Configuration
Parameters

RLC configuration
RB mapping information
SAE bearer list
Parameters for each SAE bearer
Parameters for each Data Radio
Bearer (DRB)
PDCP configuration, for DRBs
RLC configuration
RB mapping information
Transport channel configuration
Physical channel configuration

[0014] In evolved UMTS systems including LTE systems,
there is need to define and configure new and existing RL.C
and PDCP parameters and their granularities, and/or the pro-
cedures and messages that will carry those parameters so that
the communication devices in the system, including WTRUs
and eNBs, operate properly, and their various functions and
sub-layers are controlled and configured properly.

SUMMARY

[0015] Methods and apparatus for supporting configuration
and control of the radio link control (RLC) and packet data
control protocol (PDCP) sub-layers by defining and using
radio resource control (RRC) parameters and procedures are
disclosed. The methods and apparatus disclosed may be used
in wireless communications systems including, but not lim-
ited to, Third Generation Partnership Project (3GPP) long
term evolution and enhanced high speed packet access
(HSPA) wireless communications systems. Also disclosed
are parameters, procedures and messages for configuring
and/or controlling proposed functions of the RLC and PDCP
sub-layers.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] A more detailed understanding may be had from the
following description, given by way of example and to be
understood in conjunction with the accompanying drawings
wherein:

[0017] FIG. 1 shows an overview of a system architecture
of a conventional UMTS network;

[0018] FIG. 2 shows a conventional L'TE user-plane proto-
col stack; and
[0019] FIG.3 shows a flow diagram of generating and using

information elements (IEs) for configuring PDCP and/or
RLC procedures.

DETAILED DESCRIPTION

[0020] When referred to hereafter, the terminology “wire-
less transmit/receive unit (WTRU)” includes but is not lim-
ited to a user equipment (UE), a mobile station, a fixed or
mobile subscriber unit, a pager, a cellular telephone, a per-
sonal digital assistant (PDA), a computer, or any other type of
user device capable of operating in a wireless environment.
When referred to hereafter, the terminology “base station”
includes but is not limited to a Node-B, a site controller, an
access point (AP), or any other type of interfacing device
capable of operating in a wireless environment.

ONEPLUS - EX. 1006





US 2009/0149189 Al

[0021] Information elements (IEs) are introduced herein
for some of the features and functions of PDCP, and/or certain
procedures that will make use of those IEs. Such IEs can
either be part of other IEs or can be stand-alone IEs. Some IEs
can exist irrespective of whether other IEs exist or not.
[0022] FIG. 3 shows a flow diagram 300, for generating and
using IEs for configuring PDCP and/or RL.C procedures. IEs
may be generated and sent by a WTRU to a eNB, or by aeNB
to a WTRU. Steps 301 to 303 are performed by the transmit-
ting device (WTRU or eNB) and steps 304 to 306 are per-
formed by the receiving device (eNB or WTRU). In step 301
an IE describing features and functions of the PDCP layer
and/or the RLC layer is generated. In step 302, the IE is
included in an RRC message, and in step 303 the RRC layer
sends a radio block message to the receiving device (WTRU
or eNB). In step 304 the receiving device receives a radio
block message containing an IE carrying information about
the PDCP or RLC layers of a peer entity. In step 305 the [E is
extracted. In step 306, the WTRU procedures and protocols
for PDCP and RLC layers are changed based on the RRC IE
reconfiguration procedure.

[0023] The IEs may be carried in any uplink (UL) or down-
link (DL) RRC message. For example, the IEs discussed
below may be carried in RRC connection reconfiguration
messages, or RRC connection re-establishment messages, or
any other RRC messages. Those messages can be exchanged
at radio block (RB) setup, or at handover, or a radio link
failure event, or any other events. Furthermore, the following
IEs may be included as part of a larger IE and may be applied
ona per-radio bearer basis. Those messages can be exchanged
atRB setup, or at handover, or aradio link failure event, or any
other event. The RRC parameters that can be used to config-
ure and control the PDCP layer and/or RLC layer are
described in detail below.

[0024] RLC and PDCP Reset Indicator IE

[0025] The eNB or the WIRU may utilize a RLLC or a
PDCP reset indicator IE to indicate the need to reset the RRC
or the PDCP sub-layer of the peer entity. This IE can be
applied on a per-radio bearer basis, as shown in Table 2 below.

TABLE 2
Name Semantics description
RLC/PDCP reset TRUE Indicates the RLC/PDCP entity
indicator needs to be reset.
[0026] Uponreception, if the RLC/PDCP reset indicator IE

is included (e.g. in an RRC message), the WTRU resets the
RLC/PDCP entity. Hence, the RLC/PDCP Reset will be sig-
naled via an RRC procedure/message. In one embodiment,
the PDCP entity in the transmitting device (eNB or WTRU)
will notify the RRC entity in the same device of the need to
reset PDCP. The RRC entity in turn contacts the peer RRC
entity in the receiving device (WTRU or eNB) using the
appropriate RRC message (e.g. RRC connection reconfigu-
ration, or any other message), and includes in the RRC mes-
sage the RLC/PDCP reset indicator IE. Upon receiving the
RRC message and IE, the peer RRC entity notifies the RLC/
PDCP entity of the reset trigger, and RLC/PDCP reset will
take place.

[0027] RLC Re-Segmentation IE

[0028] PDU re-segmentation is a feature of LTE. As shown
in Table 3 below a WTRU or eNB may optionally utilize RRC
1Es to indicate whether a WTRU supports re-segmentation, or
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whether a WTRU is allowed to perform re-segmentation
based on the network’s preference.

[0029] Support Re-Segmentation IE

[0030] As shown in Table 3, a WTRU or the eNB may use
the IE to indicate whether re-segmentation is supported. The

IE can be applied on a per-radio bearer basis, or may apply to
the whole WTRU or eNB.

TABLE 3
Type/
Name reference Semantics description
RLC Support Enumerated TRUE Indicates the RLC entity
Re-segmentation True/false supports re-segmentation.

[0031] The WTRU may send this IE in an appropriate RRC
message. This IE may be part of WITRU capability informa-
tion elements, such as an RLC Capability IE. As another
alternative, two separate [E’s may indicate that the RLC sup-
ports transmitting re-segmented packets or that the RL.C sup-
ports receiving re-segmented packets. This allows for an
implementation whereby the re-segmentation function is sup-
ported in one direction (e.g. the receiving side) but not in the
other direction (e.g. the transmitting side).

[0032] Allow Re-Segmentation IE

[0033] As shown in Table 4, a WTRU or an eNB may use
the IE to indicate that the receiving device is allowed to
perform and transmit re-segmented RL.C PDUs, for example,
depending on whether the sender of the IE can receive and
process re-segmented PDUs. The IE can be applied on a
per-radio bearer basis, or may apply to the whole WTRU or
eNB.

TABLE 4
Name Type/reference Semantics description
RLC Allow Re- Enumerated TRUE Indicates the RLC
segmentation True/false entity is allowed to perform

re-segmentation.

[0034] Uponreception ofthe RRC message in the receiving
device, if the RLC Allow Re-segmentation IE is included, the
WTRU shall configure the RL.C entity to allow the transmis-
sion of re-segmented packets, that is, enable the re-segmen-
tation function.

[0035] HARQ Assistance [Es

[0036] As shown in Table 5, the eNB may utilize the IE to
indicate to a WTRU that the WIRU RLC sub-layer can
retransmit a packet based on HARQ delivery failure indica-
tion from the underlying sub-layers. Upon reception of the
RRC message, if the Allow HARQ assisted ARQ IE is
included, the WTRU may configure the RLC to use the cor-
responding function according to the value of the IE.

TABLE 5
Name Type/reference Semantics description
Allow HARQ  Enumerated TRUE indicates that RLC entity
assisted ARQ  True/false can retransmit PDUs based on

an indication from lower sub-layers.
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[0037] Allow HARQ Assisted RL.C Control PDU Retrans-
mission [E
[0038] As shown in Table 6 below, the eNB may utilize the

IE to indicate to a WTRU that the WTRU RLC sub-layer can
retransmit some or all RLC Control PDUs, including for
example RL.C Status Reports and RL.C Reset PDU, based on
a HARQ delivery failure indication from the underlying sub-
layers. Upon reception, if the Allow HARQ assisted RLC
Control PDU Retransmission IE is included, for example, in
an RRC message, the WTRU may configure the RL.C to use
the corresponding function according to the value of the IE.

TABLE 6

Type/

Name reference Semantics description

Allow HARQ assisted Enumerated TRUE indicates that RLC

RLC Control PDU True/false entity can retransmit RLC

Retransmission Control PDUs based on an
indication from lower sub-layers.

[0039] RLC/PDCP Sequence Number (SN) Information
[0040] The following IEs can be applied on a per-Radio
Bearer basis.

[0041] SN Length IE for RLC

[0042] The eNB may use the IE to indicate to a WIRU

which RLC sequence number size it should use, for example,
10-bitor 5-bit SN size. As shown in Table 7A, upon reception,
if the SN Length IE is included, for example, in an RRC
message, the WTRU can configure the RL.C to use the corre-
sponding function according to the value of the IE.

TABLE 7A

Name Semantics description

SN Length (or SN Size) Indicates the length of the SN

(e.g. 10 bits or 5 bits)

[0043] To improve robustness, if the SN Length IE is
absent, the RLC may optionally be configured to use the
higher length SN, for example, 10 bits. As shown in Table 7B,
the IEs may be included in other IE’s that correspond to
uplink and downlink respectively. Alternatively, the two dif-
ferent IE’s may be used, one for DL, SN Length and the other
for UL SN Length. The advantage of this method is that
higher efficiency may be achieved on a particular link.

TABLE 7B

Name Semantics description

DL SN Length (or SN Size) Indicates the length of the
downlink SN (e.g. 10 bits or 5 bits)
Indicates the length of the uplink

SN (e.g. 10 bits or 5 bits)

UL SN Length (or SN Size)

[0044] SN Length IE for PDCP

[0045] The eNB may utilize a PDCP SN IE to indicate to
the WTRU which PDCP sequence number size it should use,
e.g. 12-bit or 7-bit SN, as shown in Table 8 A below.
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TABLE 8A

Name Semantics description

SN Length (or SN Size) Indicates the length of the SN

(e.g. 12 bits or 7 bits)

[0046] Upon reception, if SN length IE is included (e.g. in
an RRC message), the WIRU configures PDCP to use the
corresponding function according to the value of the IE. To
improve robustness, if the SN length IE is absent then the
WTRU configures PDCP to use the higher length SN (e.g. 12
bits). Furthermore, for the same RB (e.g. AM RB), the uplink
SN can be configured to use a different SN length than the
downlink SN of the same RB. In order to achieve that, one can
either have the SN Length IE included in other IEs that pertain
to uplink and downlink respectively, or one can introduce two
different I[Es one for DL SN Length and the other for UL SN
Length as shown below in Table 8B.

TABLE 8B

Name Semantics description

DL SN Length (or SN Size) Indicates the length of the
downlink SN (e.g. 12 bits or 7 bits)
Indicates the length of the uplink

SN (e.g. 12 bits or 7 bits)

UL SN Length (or SN Size)

[0047] The advantages of using these parameters include
achieving higher efficiency on one link/direction than the
other link/direction. For example, if uplink traffic rate is rela-
tively smaller, then it may not need to use the whole 12 bits,
but can rather make use of 7 bits, while the downlink direction
of'the same RB can utilize 12 bits. Furthermore, for a single
RB (e.g. AM RB), the uplink SN can be configured to use a
different SN length than the downlink SN.

[0048] Initial Uplink SN IE for RLC

[0049] As shown in Table 9, the eNB may use the IE to
indicate to a WTRU the initial RLC sequence number that the
WTRU can use for the initial packet to be transmitted by the
WTRU.

TABLE 9

Name Semantics description

Indicates the initial SN that the UE
should use for its first transmission.

DL Starting SN (or
Initial SN)

[0050] Upon reception, if the Initial Uplink SN IE is
included, for example, in an RRC message, the WTRU may
configure the RLC to use the corresponding function accord-
ing to the value of the IE. To improve robustness, if the Initial
Uplink SN IE is absent, the RL.C may be configured to use an
initial uplink SN of zero. As an alternative, the UL SN Offset
IE may be specified to indicate the offset that should be
applied to the SN.

[0051] Initial Uplink SN IE for PDCP

[0052] As shown in Table 9 A, the eNB utilizes a PDCP
Initial Uplink SN IE to indicate to the WTRU the initial
(starting) PDCP sequence number the WTRU should use for
the initial packet to be transmitted by the WTRU.
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TABLE 9 A TABLE 11
Name Semantics description Name
DL Starting SN (or Initial Indicates the initial SN that RLC SN
SN) the WTRU should use for its SN Length
first transmission. UL Initial SN
DL Initial SN

[0053] Upon reception, if Initial Uplink SN IE is included
(e.g. inan RRC message), the WTRU configures PDCP to use
the corresponding function according to the value of the IE.
To improve robustness, if the Initial Uplink SN IE is absent,
then the WTRU configures PDCP to use an initial uplink SN
of zero. As another alternative, UL SN Offset IE may be
specified to indicate the offset that should be applied to the
SN.

[0054] Initial Downlink SN IE for RLC

[0055] As shown in Table 10, the eNB may use the IE to
indicate to a WTRU the initial RLC sequence number that the
eNB can use for the initial packet to be transmitted by the
eNB.

TABLE 10

Name Semantics description

Indicates the initial SN that the eNB
will use for its first transmission.

DL Starting SN (or
Initial SN)

[0056] Upon reception, if the Initial Downlink SN IE is
included, for example, in an RRC message, the WTRU can
configure the RLC to use the corresponding function accord-
ing to the value of the IE. To improve robustness, if the Initial
downlink SN IE is absent, the RL.C may be configured to use
an initial downlink SN of zero. Alternatively, a DL SN Offset
IE may be specified to indicate the offset that should be
applied to the SN.

[0057] Initial Downlink SN IE for PDCP

[0058] As shown in Table 10 A, the eNB utilizes a PDCP
Initial Downlink SN IE to indicate to the WTRU the initial
(starting) PDCP sequence number the eNB will use for the
initial packet to be transmitted by the eNB.

TABLE 10 A

Name Semantics description

Indicates the initial SN that the eNB
will use for its first transmission.

DL Starting SN (or
Initial SN)

[0059] Upon reception, if Initial Downlink SN IE is
included (e.g. in an RRC message), the WTRU configures
PDCP to use the corresponding function according to the
value of the IE. To improve robustness, if the Initial downlink
SN IE is absent, then the WTRU configures PDCP to use an
initial downlink SN of zero. As another alternative, DL SN
Offset IE may be specified to indicate the offset that should be

applied to the SN.
[0060] RLC SN Info IE
[0061] The IE’s set forth above that relate to RL.C sequence

numbers may be amalgamated as part of another IE, such as
an RLC SDU Discard Info IE as shown in Table 11. Not all of
the IE’s in Table 10 need to be present in the aggregated SDU
Discard Info IE.

[0062] Upon reception, if the SN Info IE is included, for
example, in an RRC message, the WTRU may configure the
RLC to use the corresponding function according to the value
of the IE. If the SN Info IE is absent, the functions used are:
configure RLLC to use the higher length SN (i.e. 10 bits);
configure RLC to use an initial uplink SN of zero; and con-
figure RLC to use an initial downlink SN of zero. The SN
Infos IE may be part of another IE such as the RL.C configu-
ration IE.

[0063] PDCP SN Info IE

[0064] Some or all of the above IEs that relate to PDCP
sequence number may be amalgamated as part of another IE
(i.e. can constitute another IE), such as a PDCP SDU Discard
Info IE as the example in Table 11A below shows.

TABLE 11A

Name

PDCP SN
SN Length
UL Initial SN
DL Initial SN

[0065] Not all of the IEs in the table above need to be
present in the above aggregated SDU Discard Info IE. Upon
reception, if SN Info IE is included (e.g. in an RRC message),
the WTRU configures PDCP to use the corresponding func-
tion according to the value of the IE. If the SN Info IE is
absent, then the WTRU configures PDCP to use the higher
length SN (e.g. 12 bits), configures PDCP to use an initial
uplink SN of zero, and configures PDCP to use an initial
downlink SN of zero. The SN Info IE may be part of another
IE such as the PDCP configuration IE for DRBs.

[0066] RLC and PDCP Buffer and Window Size IE’s
[0067] The following IEs can be applied on a per-radio
bearer basis. Alternatively, the [Es can be applied to all radio
bearers.

[0068] WTRU Buffer Size IE for RLC

[0069] As shown in Table 12 the WTRU may use the IE to
indicate to an eNB the size of the WTRU’s RLC buffer, for
example, transmit and/or receive buffers, in an appropriate
unit such as bytes or number of packets. In one embodiment,
it may be specified in terms of the number PDUs.

TABLE 12

Name Semantics description

UE RLC Buffer Size Indicates the size of the UE buffer
used for storing RLC packets (e.g.

SDUs)

[0070] The WTRU may send this IE in an appropriate RRC
message. This I[E may be part of a WTRU capability infor-
mation element, such as a RL.C Capability IE. The eNB can
use the WTRU’s buffer size information to manage or limit
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the amount of data it sends to the WTRU, for example, via
implementing a window mechanism such as a byte-based
windowing mechanism or for any other function. In some
variants the RL.C Buffer Size may be the total RLC buffer size
that is used for storing SDUs and/or PDUs that belong to RB’s
that utilize AM RLC mode.

[0071] WTRU Buffer Size IE for PDCP

[0072] As shown in Table 12 A, for supporting a PDCP
Buffer Size IE, the WTRU utilizes such an IE to indicate to the
eNB (or network in general) the size of the WTRUs PDCP
Buffer (e.g. for transmit and/or receive buffers), in any appro-
priate unit such as bytes or number of packets (e.g. SDUs or
PDUs).

TABLE 12 A

Name Semantics description

WTRU PDCP Buffer Indicates the size of the WITRU
Size buffer used for storing PDCP
packets (e.g. SDUs)

[0073] The WTRU sends this IE in an appropriate RRC
message. This IE may be part of WITRU capability informa-
tion elements, such as a PDCP Capability IE. The eNB can
use the WTRU’s buffer size information to manage/limit the
amount of data it sends to the WTRU (e.g. via implementing
a window mechanism such as a byte-based windowing
mechanism for example), or for any other function. Note that
in some variants the PDCP Buffer Size may be the total PDCP
buffer size that is used for storing SDUs and/or PDUs that
belong to RBs that utilize AM RLC mode.

[0074] WTRU Window Size IE for RLC

[0075] As shown in Table 13, the WTRU may use the IE to
indicate to the eNB, or network in general, the size of the
WTRU’s RLC window, that is, for transmit and/or receive
windows, in any appropriate unit such as bytes or number of

packets. In one embodiment, it may be specified in terms of
the number PDUs.

TABLE 13

Name Semantics description

UE RLC Window Size Indicates the size of the UE window

[0076] The WTRU may send the IE in an appropriate RRC
message. The IE may be part of WTRU capability informa-
tion elements, such as a RLC Capability IE. The eNB can use
the WTRU’s window size information to manage or limit the
amount of data it sends to the WTRU, such as via implement-
ing a window mechanism such as a byte-based windowing
mechanism, or for any other function.

[0077] WTRU Window Size IE for PDCP

[0078] AsshowninTable 13 A, a PDCP Window Size IE is
supported. The WTRU utilizes such an IE to indicate to the
eNB (or network in general) the size of the WIRU’s PDCP
Window (e.g. for transmit and/or receive windows), in any
appropriate unit such as bytes or number of packets (e.g.
SDUs or PDUs).
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TABLE 13 A

Name Semantics description

WTRU PDCP Window Indicates the size of the WTRU
Size window

[0079] The WTRU shall send this IE in an appropriate RRC
message. This IE may be part of WITRU capability informa-
tion elements, such as a PDCP Capability IE. The eNB can
use the WITRU’s window size information to manage/limit
the amount of data it sends to the WTRU, by, for example,
implementing a window mechanism such as a byte-based
windowing mechanism, or for any other function.

[0080] eNB Buffer Size IE for RLC

[0081] As shown in Table 14, the eNB may use the IE to
indicate to the WTRU the size of the eNB’s RLC Buffer,
specifically the transmit and/or receive buffers that relates to
this WTRU, in any appropriate unit such as bytes or number
of'packets. In one embodiment, it may be specified in terms of
the number PDUs.

TABLE 14

Name Semantics description

eNB Buffer Size Indicates the size of the eNB buffer
used for storing RLC packets (e.g.

SDUs)

[0082] Upon reception, if the eNB Buffer Size IE is
included, for example, in an RRC message, the WTRU can
configure the RLC to use the corresponding function accord-
ing to the value of the IE. The WTRU can use the eNB’s buffer
size information to manage or limit the amount of data it
sends to the eNB, such as via implementing a window mecha-
nism such as a byte-based windowing mechanism, or for any
other function.

[0083] eNB Buffer Size IE for PDCP

[0084] As shown in Table 14 A below, the eNB utilize a
PDCP Butffer Size IE to indicate to the WTRU the size of the
eNB’s PDCP Buffer (e.g. for transmit and/or receive buffers)
that relates to this WIRU, in any appropriate unit such as
bytes or number of packets (e.g. SDUs or PDUs).

TABLE 14 A

Name Semantics description

eNB Buffer Size Indicates the size of the eNB buffer used for

storing PDCP packets (e.g. SDUs)

[0085] Upon reception, if eNB Buffer Size IE is included
(e.g.inan RRC message), the WTRU configures PDCP to use
the corresponding function according to the value of the IE.
The WTRU can use the eNB’s buffer size information to
manage/limit the amount of data it sends to the eNB (e.g. via
implementing a window mechanism such as a byte-based
windowing mechanism for example), or for any other func-
tion.

[0086] eNB Window Size IE for RLC

[0087] Table 15 shows an RLC Window Size IE in accor-
dance with one of the proposed embodiments. The eNB may
use the [E to indicate to the WTRU the size of the eNB’s RLC
Window, for example, for transmit and/or receive windows
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that relate to this WTRU, in any appropriate unit such as bytes
or number of packets. In one embodiment, it may be specified
in terms of the number PDUs.

TABLE 15

Name Semantics description

eNB Window Size Indicates the size of the eNB window

[0088] Upon reception, if the eNB Window Size IE is
included, for example, in an RRC message, the WTRU can
configure the RLC to use the corresponding function accord-
ing to the value of the IE.

[0089] eNB Window Size IE for PDCP

[0090] As shown in Table 15 A, the eNB utilizes a PDCP
Window Size IE to indicate to the WITRU the size of the eNB’s
PDCP Window (e.g. for transmit and/or receive windows)
that relates to this WTRU, in any appropriate unit such as
bytes or number of packets (e.g. SDUs or PDUs).

TABLE 15 A

Name Semantics description

eNB Window Size Indicates the size of the eNB window

[0091] Upon reception, if eNB Window Size IE is included
(e.g. inan RRC message), the WTRU configures PDCP to use
the corresponding function according to the value of the IE.
The WTRU can use the eNB’s window size information to
manage/limit the amount of data it sends to the eNB (e.g. via
implementing a window mechanism such as a byte-based
windowing mechanism for example), or for any other func-
tion.

[0092] PDCP Status Report Info IEs

[0093] The following IEs can be applied on a per-Radio
Bearer basis.

[0094] Send Status Report IE

[0095] A PDCP Send Status Report IE is supported in this

embodiment. As shown in Table 16, the eNB will utilize such
an IE to indicate to the WTRU that the WTRU shall a send a
PDCP Status Report at any one or more of the following
pre-defined events: handover, RLC reset, PDCP reset, radio
link failure, and MAC reset.

TABLE 16
Type/
Name reference Semantics description
Send Status Report Enumerated TRUE indicates that PDCP shall
(Tru/false) generate a Status Report (e.g., at

certain events such as handover)

[0096] Upon reception, if the PDCP Send Status Report IE
is included (e.g. in an RRC message), the WTRU configures
PDCP to use the corresponding function according to the
value of the IE.

[0097] Send Status Report at a Certain Event [E

[0098] As an alternative, multiple IEs corresponding to
some different events at which the WIRU shall send a PDCP
Status Report, as shown in Table 17 below.
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TABLE 17
Type/

Name reference Semantics description

Send Status Report at  Enumerated TRUE indicates that PDCP shall
event X (Tru/false) generate a Status Report when

event X occurs

Send Status Report at  Enumerated TRUE indicates that PDCP shall
event’Y (Tru/false) generate a Status Report when

event Y occurs

[0099] Theevents X orY could be particular events such as
a handover event, an RLC reset event, reception of handover
command event, a PDCP reset event, or a MAC reset event, or
a radio link failure event. Upon reception, if IE Send Status
Report at event X or Y is included (e.g. in an RRC message),
the WTRU configures PDCP to use the corresponding func-
tion according to the value of the IE. Alternatively, one IE is
defined to configure the Send status report IE, and another IE
to specify the allowed triggering conditions.

[0100] Status Report Number of Transmissions (or
Retransmissions) IE

[0101] In this embodiment shown in Table 18 below, a
PDCP Status Report Number of Transmissions (or Retrans-
missions) IE is supported. The eNB utilizes such an IE to
indicate to the WTRU that the WIRU can transmit (or
retransmit) the PDCP Status Report a certain number of
times.

TABLE 18

Name Semantics description

Indicates the number of
transmissions or retransmissions
for a PDCP status report.

Number of transmissions
(or retransmissions)

[0102] Upon reception, if Number of transmissions (or
retransmissions) IE is included (e.g. in an RRC message), the
WTRU configures PDCP to use the corresponding function
according to the value of the IE.

[0103] Await Status Report IE

[0104] A PDCP Await Status Report IE is shown in Table
19. The eNB utilizes such an IE to indicate to the WTRU to
await the reception of PDCP Status Report (in downlink)
before it proceeds to transmit in the (target) cell, e.g. at han-
dover, or at other events such as those that have been men-
tioned in prior sub-sections.

TABLE 19
Type/
Name reference Semantics description
Await Status Report Enumerated TRUE indicates that PDCP
(Tru/false) should wait to receive a

Status Report before starting
uplink transmission.

[0105] Upon reception, if Await Status Report IE is
included (e.g. in an RRC message), the WTRU configures
PDCP to use the corresponding function according to the
value of the IE. Other potential names or alternatives IEs are
illustrated in Table 20 and include DL Status Report IE, which
indicates that the eNB intends to send a downlink status
report, e.g. at handover, or at other events such as those that
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have been mentioned in prior sub-sections. Hence, the WTRU
should or could utilize the information in the downlink status
report to optimize its transmissions, e.g. upon handover.

TABLE 20
Type/
Name reference Semantics description

Downlink Status Report ~ Enumerated TRUE indicates that PDCP of
(Tru/false) the eNB will send a Status
Report to the WTRU, e.g. at
handover. FALSE indicates it
will not.
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TABLE 23

Name

Status Info

Send Status Report

Number of
transmissions (or
retransmissions)

Downlink Status
Report

Timer Status Prohibit

Allow Status Report
Retransmission

[0106] Upon reception, if DL Status Report IE is included
(e.g. inan RRC message), the WTRU configures PDCP to use
the corresponding function according to the value of the IE.
[0107] Status Report Prohibit Timer IE

[0108] The eNB utilizes PDCP Status Prohibit IE to indi-
cate to the WTRU that the WTRU shall prohibit the sending of
a PDCP Status Report for a specified time (Timer Status
Prohibit) following the sending of the previous PDCP Status
Report.

TABLE 21

Type/
Name reference Semantics description

Timer Status Prohibit ~ Enumerated TRUE indicates that PDCP shall
(Tru/false) generate a Status Report (e.g., at
certain events such as handover)

[0109] As shown in Table 21 above, upon reception, if the
Timer Status Prohibit IE is included (e.g. in an RRC mes-
sage), the WITRU configures PDCP to use the corresponding
function according to the value of the IE.

[0110] Allow Status Report Retransmission IE

[0111] The eNB utilizes a PDCP Allow Status Report
Retransmission IE to indicate to the WTRU that the WTRU
PDCP sub-layer can retransmit a status report based on

HARQ delivery failure indication from the underlying sub-
layers (e.g. MAC/HARQ)

TABLE 22

Type/
Name reference Semantics description

Allow Status Report Enumerated TRUE indicates that PDCP entity

Retransmission (Tru/false) can retransmit a status report
based on an indication from lower
sub-layers.

[0112] As shown in Table 22 above, upon reception, if the
Allow Status Report Retransmission IE is included (e.g. in an
RRC message), the WTRU configures PDCP to use the cor-
responding function according to the value of the IE.

[0113] PDCP Status Report Info IE

[0114] Some or all of the above IEs that relate to PDCP
Status Reports may be amalgamated as part of another IE (i.e.
can constitute another IE), such as a PDCP Status Info IE as
Table 23 shows below.

[0115] Note that not all of the IEs in the table above need to
be present in the above aggregated Status Info IE. Upon
reception, if Status Info IE is included (e.g. in an RRC mes-
sage), the WTRU configures PDCP to use the corresponding
function according to the value of the IE. The Status Info IE
may be part of another IE such as the PDCP configuration IE
for DRBs.

[0116] PDCP Discard Info IEs

[0117] The following IEs can be applied on a per-Radio
Bearer basis.

[0118] SDU Discard Mode IE

[0119] The eNB will utilize a PDCP SDU Discard Mode IE
to indicate to the WTRU which mode the WTRU shall use to
discard PDCP SDUs. Some possible options include: “Timer-
based without explicit signaling”, “Timer-based with explicit
signaling”, and “No discard”, or more generally ‘“Timer-
based” and “No discard”. Note that in explicit signaling, a
signaling procedure (e.g. MRW) is used to notify the peer
PDCP entity of the discarded SDU(s).

[0120] Asshown in Table 24 above, upon reception, if SDU
Discard Mode IE is included (e.g. in an RRC message), the
WTRU configures PDCP to use the corresponding function
according to the value of the IE. If the SDU Discard Mode IE
is absent, then the WTRU does not configure PDCP discard.

TABLE 24

Name Semantics description

SDU Discard Mode Indicates the discard mode that the WTRU PDCP
entity should use to discard the PDCP SDUs from
its transmitting buffer. Some options include:
“Timer-based” and “No Discard”. Furthermore, it
may possible to have “Timer-based without
explicit signaling” and “Timer-based with explicit
signaling”

[0121] SDU Discard Timer IE

[0122] The eNB utilizes a PDCP SDU Discard Timer IE to
indicate to the WTRU the timer value the WTRU shall use to
discard PDCP SDUEs, if timer-based discard is configured.

TABLE 25
Name Semantics description
SDU Discard Timer Indicates the timer value for
PDCP timer-based SDU
discard.

[0123] Asshownin Table 25 above, upon reception, if SDU
Discard Timer IE is included (e.g. in an RRC message), the
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WTRU configures PDCP to use the corresponding function
according to the value of the IE.

[0124] Notify Discard to RL.C IE

[0125] TheeNB utilizes PDCP Notify Discard to RLC IE to
indicate to the WTRU that the WTRU shall notify lower
layer(s) (e.g. RLC) of its decision to discard a packet (e.g.
SDU) (along with some identity of the discarded SDU).

TABLE 26

Name Semantics description

Notify Discard to RLC Indicates the WTRU PDCP entity
should notify the RLC entity of an
SDU/PDU that was discarded in

PDCP.

[0126] As shown in Table 26 above, upon reception, if
Notity Discard to RLC IE is included (e.g. in an RRC mes-
sage), the WITRU configures PDCP to use the corresponding
function according to the value of the IE.

[0127] SDU Discard Prohibit IE

[0128] The eNB utilizes a PDCP SDU Discard Prohibit IE
to indicate to the WTRU the timer or counter value the WITRU
shall use to limit how many SDUs get discarded when the
discard timer expires. For example, this IE can specify that
only X packets (e.g. 1 or 2 or. . . ) should get discarded upon
timer expiry. Also, this IE (or another IE) can specity a mini-
mum time between subsequent packet discards.

[0129] Note that this IE may not be needed especially if the
timer-based discard function is supposed to discard every
packet whose transmission has been delayed by more than a
certain time.

TABLE 27

Name Semantics description

SDU Discard Prohibit Indicates the counter (or
timer) value that determines
how many SDU(s) get
discarded upon for PDCP

discard timer expiry.

[0130] Asshown in Table 27 above, upon reception, if SDU
Discard Prohibit IE is included (e.g. in an RRC message), the
WTRU configures PDCP to use the corresponding function
according to the value of the IE.

[0131] PDCP SDU Discard Info IE

[0132] Some or all of the above IEs that relate to PDCP
Discard may be amalgamated as part of another IE (i.e. can
constitute another IE), such as a PDCP SDU Discard Info IE
Table 28 shows below.

TABLE 28

Name

SDU Discard Info
SDU Discard Mode
SDU Discard Timer
Notify Discard to
RLC
SDU Discard Prohibit

[0133] Note that not all of the IEs in the table above need to
be present in the above aggregated SDU Discard Info IE.
Upon reception, if SDU Discard Info IE is included (e.g. in an
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RRC message), the WTRU configures PDCP to use the cor-
responding function according to the value of the IE. If the
SDU Discard Info IE is absent, then the WTRU does not
configure PDCP discard. The SDU Discard Info IE may be
part of another IE such as the PDCP configuration IE for
DRBs.

[0134] Ciphering and Integrity Check IEs

[0135] It may be possible for the E-UTRAN to reconfigure
the algorithms being used for ciphering and/or integrity pro-
tection (e.g. during Handover or in Connected Mode). The
concerned RRC message will, by means of an appropriate
format, indicate which ciphering algorithm is to be used for
C-planetraffic (i.e. signaling radio bearers) and which cipher-
ing algorithm is to be used for U-plane traffic (other radio
bearers). It may be necessary for the E-UTRAN (WTRU) to
indicate to the WTRU (UTRAN) the PDCP SN at which the
new configurations are activated. The following IEs may be:
carried in any RRC message (UL or DL); included as part of
a larger IE; and/or applied on a per-radio bearer basis. The
RRC layer on receiving these values will pass this to the
PDCP which will apply the changes at the indicated time/SN.
[0136] RB Activation Time Info

[0137] This IE indicates the PDCP SNs when the new secu-
rity configurations will be activated. As shown in Table 29, if
this IE is included in a message from the E-UTRAN this will
apply for DL radio bearers. If this IE is included in a message
from the WTRU this will apply for UL radio bearers.

TABLE 29

Name Type/reference Semantics description

Radio Bearer Activation
Time

Radio Bearer ID Radio Bearer
Identity

PDCP Sequence Integer (O to 4095 PDCP SN. Used for radio

Number or0Oto127 orOto bearers mapped on RLC
31) AMor UM or TM
[0138] This IE may be defined for configuring multiple

radio bearers at the same time.

[0139] Activation Time

[0140] As shown in table 30, this IE indicates the frame
number/time at which the operations/changes caused by the
related message (in this case security reconfiguration) shall
take effect.

TABLE 30

Type/

Name reference Semantics description

CFN. Used for radio bearers
mapped on RLC-TM or UM or
AM

Activation Time  Integer

Other PDCP IEs

[0141] The following IEs can be applied on a per-Radio
Bearer basis.

[0142] Lossless RBIE

[0143] In this embodiment shown in Table 31, the eNB
utilizes a PDCP Lossless IE to indicate to the WTRU that this
RB is lossless, which could imply other attributes such as that
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inter-eNB data forwarding is performed for this and that
in-sequence delivery is required by the WTRU PDCP for such
lossless RB.

TABLE 31
Name Type/reference Semantics description
Lossless  Enumerated (Tru/ TRUE indicates that this is a
false) lossless RB, and hence
WTRU PDCP shall perform
the functions required to
support lossless behavior.
[0144] Upon reception, if Lossless RB IE is included (e.g.

in an RRC message), the WITRU configures PDCP to use the
corresponding function according to the value of the IE.
[0145] In Sequence Delivery IE

[0146] TheeNB utilizes a PDCP In sequence delivery IE to
indicate to the WTRU that the WTRU PDCP entity is required
to provide in-sequence delivery (i.e. reordering) for this RB.

TABLE 32
Type/
Name reference Semantics description
In sequence delivery Enumerated TRUE indicates that WTRU
(Tru/false) PDCP shall provide/perform in-

sequence delivery of PDCP
SDUs to upper layers

[0147] AsshowninTable 32, upon reception, if In sequence
delivery IE is included (e.g. in an RRC message), the WTRU
configures PDCP to use the corresponding function accord-
ing to the value of the IE.

[0148] Reordering Stop Mode IE

[0149] The eNB uses a PDCP Reordering Stop Mode IE to
indicate to the WTRU that the WTRU PDCP entity whether it
should use the timer mechanism (e.g. Flush Timer) to stop
reordering following handover, or whether it should use stop
reordering after all stored PDCP SDUs have been delivered to
upper layers.

TABLE 33

Name Semantics description

Indicates the mode that the
WTRU should use to perform
reordering: “Flush Timer”,
“Delivery of stored PDCP
SDUs”, or “Both”.

Reordering Stop Mode

[0150] As shown in Table 33 above, upon reception, if
Reordering Stop Mode IE is included (e.g. in an RRC mes-
sage), the WTRU configures the PDCP to use the correspond-
ing function according to the value of the IE.

[0151] Flush Timer IE

[0152] The eNB uses a PDCP Flush Timer IE to indicate to
the WTRU the value of the flush timer that the WTRU should
use to stop reordering for this RB.
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TABLE 34
Name Semantics description
Flush Timer Indicates the value of the

flush timer used to stop
reordering

[0153] As shown in Table 34, upon reception, if Flush
Timer IE is included (e.g. in an RRC message), the WTRU
configures the PDCP to use the corresponding function
according to the value of the IE.

[0154] Allow Polling Via RLC IE

[0155] The eNB uses a PDCP Allow Via RLC IE to indicate
to the WTRU that the WTRU PDCP entity may request/
indicate to the underlying RLC entity to set the RL.C polling
bit (or polling mechanism in general), e.g. when certain
packet are sent by PDCP, for this RB.

[0156] Asshown intable 35, upon reception, if Allow Poll-
ing via RLC IE is included (e.g. in an RRC message), the
WTRU configures the PDCP to use the corresponding func-
tion according to the value of the IE.

TABLE 35
Name Type/reference Semantics description
Allow Polling via RLC ~ Enumerated TRUE indicates that
(Tru/false) WTRU PDCP may
request/trigger the RLC

polling mechanism

[0157] Allow Polling Via PDCP IE

[0158] ThePDCP is to haveits own polling mechanism that
can be used to trigger the generation of a PDCP Status Report
by the peer PDCP entity. A PDCP Allow Via PDCP IE is
utilized by the eNB to indicate to the WTRU that the WTRU
PDCP entity may utilize the PDCP polling mechanism, for
this RB.

TABLE 36
Type/
Name reference Semantics description
Allow Polling via PDCP  Enumerated TRUE indicates that WTRU
(Tru/false) PDCP may utilize the RLC

polling mechanism

[0159] As shown in Table 36, upon reception, if Allow
Polling via PDCP IE is included (e.g. in an RRC message),
the WTRU configures PDCP to use the corresponding func-
tion according to the value of the IE.

[0160] Although features and elements are described above
in particular combinations, each feature or element can be
used alone without the other features and elements or in
various combinations with or without other features and ele-
ments. The methods or flow charts provided herein may be
implemented in a computer program, software, or firmware
incorporated in a computer-readable storage medium for
execution by a general purpose computer or a processor.
Examples of computer-readable storage mediums include a
read only memory (ROM), a random access memory (RAM),
a register, cache memory, semiconductor memory devices,
magnetic media such as internal hard disks and removable
disks, magneto-optical media, and optical media such as CD-
ROM disks, and digital versatile disks (DVDs).
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[0161] Suitable processors include, by way of example, a
general purpose processor, a special purpose processor, a
conventional processor, a digital signal processor (DSP), a
plurality of microprocessors, one or more microprocessors in
association with a DSP core, a controller, a microcontroller,
Application Specific Integrated Circuits (ASICs), Field Pro-
grammable Gate Arrays (FPGAs) circuits, any other type of
integrated circuit (IC), and/or a state machine.

[0162] A processor in association with software may be
used to implement a radio frequency transceiver for use in a
wireless transmit receive unit (WTRU), user equipment (UE),
terminal, base station, radio network controller (RNC), or any
host computer. The WTRU may be used in conjunction with
modules, implemented in hardware and/or software, suchas a
camera, a video camera module, a videophone, a speaker-
phone, a vibration device, a speaker, a microphone, a televi-
sion transceiver, a hands free headset, a keyboard, a Blue-
tooth® module, a frequency modulated (FM) radio unit, a
liquid crystal display (LCD) display unit, an organic light-
emitting diode (OLED) display unit, a digital music player, a
media player, a video game player module, an Internet
browser, and/or any wireless local area network (WLAN) or
Ultra Wide Band (UWB) module.

What is claimed is:

1. A method for radio resource control (RRC) configura-
tion of at least one of a radio link control (RLC) sublayer and
packet data convergence protocol (PDCP) sublayer, the
method comprising:

receiving an RRC message including information elements

(IEs), wherein the [Es include a sequence number (SN)
Length IE indicating SN size;

extracting the [Es from the RRC message; and

configuring functions and parameters of the RL.C sublayer

based on the extracted IEs, wherein the configuring
functions and parameters includes configuring the RLC
sublayer to use SNs according to the SN Length IE.

2. The method as in claim 1 wherein the SN Length IE is
included an uplink IE to indicate the size of uplink SNs.

3. The method as in claim 1 wherein the SN Length IE is
included in a downlink IE to indicate the size of downlink
SNs.

4. The method as in claim 1 wherein the SN Length IE
indicates a SN size of one of 5-bit or 10-bit.

5. The method as in claim 1 wherein the SN Length IE in an
uplink IE is different from the SN Length IE in a downlink IE.

6. A method for radio resource control (RRC) configura-
tion of at least one of a radio link control (RL.C) sublayer and
packet data convergence protocol (PDCP) sublayer, the
method comprising:

receiving an RRC message including information elements

(IEs), wherein the IEs include a Send Status Report IE;
extracting the [Es from the RRC message; and
configuring functions and parameters of the PDCP sub-

layer based on the extracted [Es, wherein the configuring
functions and parameters includes configuring the

PDCP sublayer to send a status report at one or more

predefined events based on the Send Status Report IE.

7. The method as in claim 6, wherein the predefined events
include: a handover, an RLC reset, a PDCP reset, a radio link
failure and a MAC reset.
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8. The method as in claim 6 wherein the IEs further include
a PDCP Sequence Number (SN) Length IE indicating a SN
size wherein:

the configuring functions and parameters includes config-

uring the PDCP sublayer to use SNs according to the
PDCP SN length IE.

9. The method as in claim 6 wherein the IEs further include
a service data unit (SDU) Discard Timer IE indicating a timer
value for discarding PDCP SDUs wherein:

the configuring functions and parameters includes config-

uring the PDCP sublayer to discard PDCP SDUs based
on the SDU Discard Timer.

10. The method as in claim 6 wherein the IEs further
include a Flush Timer IE indicating a value of a flush timer to
stop reordering after handover wherein:

the configuring functions and parameters includes config-

uring the PDCP sublayer to operate the flush timer
according to the Flush Timer IE.

11. A wireless transmit/receive unit (WTRU) configured to
perform radio resource control (RRC) configuration of at
least one of a radio link control (RLC) sublayer and packet
data convergence protocol (PDCP) sublayer, the WTRU com-
prising:

areceiver configured to receive an RRC message including

information elements (IEs), wherein the IEs include a
Sequence Number (SN) Length IE indicating SN size;

a processor configured to extract the [Es from the RRC

message; and

the processor configured to configure functions and param-

eters of the RLC sublayer based on the extracted IEs,
wherein the processor is configured to configure the
RLC sublayer to use SNs according to the SN Length IE.

12. The WTRU as in claim 11 wherein the SN Length IE is
included an uplink IE to indicate the size of uplink SNs.

13. The WTRU as in claim 11 wherein the SN Length IE is
included in a downlink IE to indicate the size of a downlink
SNs.

14. The WTRU as in claim 11 wherein the SN Length IE
indicates a SN size of one of 5-bit or 10-bit.

15. The WTRU as in claim 11 wherein the SN Length IE in
anuplink IE is different from the SN Length IE in a downlink
IE.

16. The WTRU as in claim 11 configured as a user equip-
ment (UE).

17. The WTRU as in claim 11 configured as an evolved
Node B (eNB).

18. A wireless transmit/receive unit (WTRU) configured to
perform radio resource control (RRC) configuration of at
least one of a radio link control (RLC) sublayer and packet
data convergence protocol (PDCP) sublayer, the WTRU com-
prising:

areceiver configured to receive an RRC message including

information elements (IEs), wherein the IEs include a
Send Status Report IE;

a processor configured to extract the [Es from the RRC

message; and

the processor configured to configure functions and param-

eters of the PDCP sublayer based on the extracted IEs,
wherein the processor is configured to configure the
PDCP sublayer to send a status report at one or more
predefined events based on the Send Status Report IE.

19. The WTRU as in claim 18 wherein the predefined
events include: a handover, an RLC reset, a PDCP reset, a
radio link failure and a MAC reset.
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20. The WTRU as in claim 18 wherein the IEs further
include a PDCP Sequence Number (SN) Length IE indicating
a SN size wherein:

the processor is configured to configure the PDCP sublayer

to use SNs according to the PDCP SN length IE.

21. The WTRU as in claim 18 wherein the IEs further
include a service data unit (SDU) Discard Timer IE indicating
a timer value for discarding PDCP SDUs wherein:

the processor is configured to configure the PDCP sublayer

to discard PDCP SDUs based on the SDU Discard
Timer.
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22. The WTRU as in claim 18 wherein the IEs further
include a Flush Timer IE indicating a value of a flush timer to
stop reordering after handover wherein:

the processor is configured to configure the PDCP sublayer

to operate the flush timer according to the Flush Timer
IE.

23. The WTRU as in claim 18 configured as a user equip-
ment (UE).

24. The WTRU as in claim 18 configured as an evolved
Node B (eNB).
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such as they relate to dual-connectivity scenarios. Different
architecture models and their impact on procedural aspects
are contemplated. Different RAN, protocol stack and radio
bearer (RB) architectures along with their implications are
described. These architectures may be applicable to one or
more of control plane that may terminate at the macro. Also,
a small-cell that may be capable of supporting RL.C modes
and/or that may be capable of supporting MAC functionality
is contemplated. A small-cell may be capable of supporting
bidirectional physical channels. Also, there could be an
aggregation point (either at the macro eNB or at a different
physical or logical RAN node) for S1-U interface termina-
tion. The Small Cell eNB (SCeNB) could be in control of the
Macro eNB.
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PACKET DATA CONVERGENCE PROTOCOL
(PDCP) PLACEMENT

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Patent Application No. 61/753,867, titled “Packet Data
Convergence Protocol (PDCP) Placement”, filed on Jan. 17,
2013; and U.S. Provisional Patent Application No. 61/811,
233, titled “Packet Data Convergence Protocol (PDCP)
Placement”, filed Apr. 12, 2013, the contents of both appli-
cations hereby incorporated by reference as if fully set-forth
herein in their respective entirety, for all purposes.

BACKGROUND

[0002] An increase in the demand for data has shown itself
to be relatively predictable. This predicable demand for data,
and a corresponding increase in data delivery capacity, has
been observed for at least the last 50 years and has come to be
known as Cooper’s Law—which states that the total capacity
will double about every 30 months.

SUMMARY

[0003] The Summary is provided to introduce a selection of
concepts in a simplified form that are further described below
in the Detailed Description. This Summary is not intended to
identify key features or essential features of the claimed sub-
ject matter, nor is it intended to be used to limit the scope of
the claimed subject matter.

[0004] Embodiments contemplate Small Cell Enhance-
ments such as PDCP Placement and impact on control and
data plane procedures

[0005] Embodiments contemplate small-cell enhance-
ments such as they relate to dual-connectivity scenarios. Dif-
ferent architecture models and their impacts on procedural
aspects are contemplated. Different RAN, protocol stack and
radio bearer (RB) architectures along with their implications
are described. These architectures may be applicable:

[0006] Control plane may terminate at the macro, and S1-C
terminates at the macro

[0007] Small-cell may be capable of supporting all RLC
modes

[0008] Small-cell may be capable of supporting MAC func-
tionality

[0009] Small-cell may be capable of supporting bidirec-

tional physical channels

[0010] There could be an aggregation point (either at the
macro eNB or at a different physical or logical RAN node) for
S1-U interface termination; and/or

[0011] The Small Cell eNB (SCeNB) could be in complete
control of the Macro eNB (for example, master-slave rela-
tionship).

[0012] Embodiments contemplate that a first wireless
transmit/receive unit (WTRU) may be in communication
with a network. The first WTRU may comprise a processor.
The processor may be configured to receive a second radio
resource control (RRC) configuration that may correspond to
a second WTRU. The second RRC configuration may be a
replacementto a previously received first RRC configuration.
The processor may be configured to receive an uplink (UL)
indication resource that may correspond to the second
WTRU. The second WTRU may be in communication with
the network. The processor may be configured to configure a

Jan. 21, 2016

medium access control (MAC) layer with the second RRC
configuration. The MAC layer may correspond to the second
WTRU. The processor may be configured to initiate the trans-
mission of a first indication to the second WTRU, perhaps
using the UL indication resource. The first indication may
indicate to the second WTRU to activate a configuration
corresponding to the second RRC configuration.

[0013] Embodiments contemplate a first wireless transmit/
receive unit (WTRU) that may be in communication with a
communication network. The first WITRU may comprise a
processor. The processor may be configured to receive a first
configuration for the first WTRU. The first configuration may
correspond to a second WTRU. The processor may be con-
figured to receive an indication from the second WTRU. The
indication may cause the first WIRU to activate the first
configuration. The processor may be configured to activate
the first configuration, for example upon receipt of the indi-
cation.

[0014] Embodiments contemplate a wireless transmit/re-
ceive entity (WTRU). The WTRU may be in communication
with a network and one or more radio link control (RLC)
entities. The WTRU may comprise a processor. The processor
may be configured to receive a first packet of one or more
packets from a first radio link control (RLC) entity of the one
or more (RLC) entities. The processor may be configured to
determine that the first packet may be an out-of-sequence
packet. The processor may be configured to start a timer,
perhaps upon determining that the first packet may be an
out-of-sequence packet. The processor may be configured to
determine at least one missing sequence number. The proces-
sor may be configured to receive a second packet of the one or
more packets from a second RLC entity of the one or more
RLC entities. And the process may be configured to perform
a packet sequence status check, for example perhaps upon
receipt of the second packet.

[0015] Embodiments contemplate a first wireless transmit/
receive unit (WTRU). The first WTRU may be in communi-
cation with a network. The first WIRU may comprise a
processor. The processor may be configured to receive a
handover request from a second WTRU. The processor may
be configured to configure at least a third WTRU with a first
random access channel (RACH) configuration that may cor-
respond to a fourth WTRU. The first RACH configuration
may cause the at least third WTRU to perform a RACH listen
procedure. The processor may be configured to send to the
second WTRU a handover acknowledge message. The pro-
cessor may be configured to obtain results of the RACH listen
procedure. The results may include a timing advance, an
uplink (UL) signal level, and a RACH preamble information
from the at least third WTRU. The processor may be config-
ured to identify the at least third WTRU as a small cell
candidate, perhaps based on the results of the RACH listen
procedure. The processor may be configured to configure the
at least third WIRU to service the fourth WTRU as a small
cell.

[0016] Embodiments contemplate a first wireless transmit/
receive unit (WTRU). The first WTRU may be in communi-
cation with a network. The first WIRU may comprise a
processor. The processor may be configured to receive a first
random access channel (RACH) configuration that may cor-
respond to a second WTRU. The first RACH configuration
may cause the first WITRU to perform a RACH listen proce-
dure. The processor may be configured to receive a second
RACH configuration that may be applicable to a macro
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enhanced Node-B (MeNB) device and a small cell enhanced
Node-B (SCeNB) device. The processor may be configured
to determine a timing advance, perhaps based on the RACH
listen procedure and the second RACH configuration. The
processor may be configured to receive a handover request
from a third WIRU.

[0017] Embodiments contemplate a first wireless transmit/
receive unit (WTRU). the first WTRU may be in communi-
cation with a network. The first WITRU may comprise a
processor. The processor may be configured to trigger a sec-
ond WTRU to measure at least a third WTRU. The at least
third WTRU may be associated with a fourth WTRU. The
processor may be configured to receive measurement results
for the at least third WTRU. The processor may be configured
to provide to the fourth WTRU a first indication that the at
least third WTRU was measured. The processor may be con-
figured to provide to the fourth WIRU a set of bearers
mapped to the at least third WTRU; and receive from the
fourth WTRU a second indication to retain one or more bear-
ers of the set of bearers on a small cell layer and one or more
bearers of the set of bearers on a macro layer. The one or more
bearers on the macro layer may be moved from at least one of
the first WTRU or a fifth WTRU, perhaps after a handover.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] A more detailed understanding may be had from the
following description, given by way of example in conjunc-
tion with the accompanying drawings wherein:

[0019] FIG. 1A is a system diagram of an example com-
munications system in which one or more disclosed embodi-
ments may be implemented;

[0020] FIG.1Bis a system diagram of an example wireless
transmit/receive unit (WTRU) that may be used within the
communications system illustrated in FIG. 1A;

[0021] FIG. 1C is a system diagram of an example radio
access network and an example core network that may be
used within the communications system illustrated in FIG.
1A;

[0022] FIG. 1D is a system diagram of another example
radio access network and an example core network that may
be used within the communications system illustrated in F1G.
1A;

[0023] FIG. 1E is a system diagram of another example
radio access network and an example core network that may
be used within the communications system illustrated in F1G.
1A;

[0024] FIG.1F illustrates an example block diagram imple-
menting PDCP layer at the Small-cell consistent with
embodiments;

[0025] FIG. 2 and FIG. 2A illustrate an example [.2 struc-
ture for DL (Separate DRB model) consistent with embodi-
ments;

[0026] FIG. 3 illustrates an example L2 structure for UL
(Separate DRB model—PDCP in the Macro consistent with
embodiments;

[0027] FIG. 4 and FIG. 4A illustrate an example [.2 struc-
ture for DL (Single DRB model—PDCP in the Macro) con-
sistent with embodiments;

[0028] FIG. 5 illustrates an example L2 structure for DL
(Single DRB model) consistent with embodiments;

[0029] FIG. 6 illustrates an example call flow fora PDCP in
the macro—separate RB consistent with embodiments;
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[0030] FIG. 7 and FIG. 7A illustrate an example signal flow
of a reconfiguration of the macro cell layer, consistent with
embodiments;

[0031] FIG. 8 illustrates an example PDCP reordering
sequence, consistent with embodiments;

[0032] FIG. 9 illustrates a block diagram of an example
Security Key Generation consistent with embodiments;
[0033] FIG. 10 illustrates an example technique for the
communication of an updated RRC configuration, consistent
with embodiments;

[0034] FIG. 11 illustrates an example Small-cell shared by
Multiple operators consistent with embodiments; and
[0035] FIG. 12 illustrates an example signal flow of a Com-
bined RACH technique consistent with embodiments.

DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

[0036] A detailed description of illustrative embodiments
will now be described with reference to the various Figures.
Although this description provides a detailed example of
possible implementations, it should be noted that the details
are intended to be examples and in no way limit the scope of
the application. As used herein, the articles “a” and “an”,
absent further qualification or characterization, may be
understood to mean “one or more” or “at least one”, for
example.

[0037] FIG. 1A is a diagram of an example communica-
tions system 100 in which one or more disclosed embodi-
ments may be implemented. The communications system 100
may be a multiple access system that provides content, such
as voice, data, video, messaging, broadcast, etc., to multiple
wireless users. The communications system 100 may enable
multiple wireless users to access such content through the
sharing of system resources, including wireless bandwidth.
For example, the communications systems 100 may employ
one or more channel access methods, such as code division
multiple access (CDMA), time division multiple access
(TDMA), frequency division multiple access (FDMA),
orthogonal FDMA (OFDMA), single-carrier FDMA (SC-
FDMA), and the like.

[0038] As shown in FIG. 1A, the communications system
100 may include wireless transmit/receive units (WTRUs)
102a, 1025, 102¢, and/or 1024 (which generally or collec-
tively may be referred to as WIRU 102), a radio access
network (RAN) 103/104/105, a core network 106/107/109, a
public switched telephone network (PSTN) 108, the Internet
110, and other networks 112, though it will be appreciated
that the disclosed embodiments contemplate any number of
WTRUS, base stations, networks, and/or network elements.
Each of the WTRUs 102a, 1025, 102¢, 1024 may be any type
of device configured to operate and/or communicate in a
wireless environment. By way of example, the WTRUs 102a,
10256, 102¢, 102d may be configured to transmit and/or
receive wireless signals and may include user equipment
(UE), a mobile station, a fixed or mobile subscriber unit, a
pager, a cellular telephone, a personal digital assistant (PDA),
a smartphone, a laptop, a netbook, a personal computer, a
wireless sensor, consumer electronics, and the like.

[0039] The communications systems 100 may also include
a base station 114a and a base station 1145. Each of the base
stations 114a, 1145 may be any type of device configured to
wirelessly interface with at least one of the WIRUs 102a,
1025, 102¢, 1024 to facilitate access to one or more commu-
nication networks, such as the core network 106/107/109, the
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Internet 110, and/or the networks 112. By way of example,
the base stations 114a, 1145 may be a base transceiver station
(BTS), a Node-B, an eNode B, a Home Node B, a Home
eNode B, a site controller, an access point (AP), a wireless
router, and the like. While the base stations 114a, 1145 are
each depicted as a single element, it will be appreciated that
the base stations 114a, 1146 may include any number of
interconnected base stations and/or network elements.
[0040] The base station 114a may be part of the RAN
103/104/105, which may also include other base stations
and/or network elements (not shown), such as a base station
controller (BSC), a radio network controller (RNC), relay
nodes, etc. The base station 114a and/or the base station 1145
may be configured to transmit and/or receive wireless signals
within a particular geographic region, which may be referred
to as a cell (not shown). The cell may further be divided into
cell sectors. For example, the cell associated with the base
station 1144 may be divided into three sectors. Thus, in one
embodiment, the base station 114a may include three trans-
ceivers, i.e., one for each sector of the cell. In another embodi-
ment, the base station 114a may employ multiple-input mul-
tiple output (MIMO) technology and, therefore, may utilize
multiple transceivers for each sector of the cell.

[0041] The base stations 114a, 1145 may communicate
with one or more of the WTRUs 1024, 1025, 102¢, 102d over
an air interface 115/116/117, which may be any suitable
wireless communication link (e.g., radio frequency (RF),
microwave, infrared (IR), ultraviolet (UV), visible light, etc.).
The air interface 115/116/117 may be established using any
suitable radio access technology (RAT).

[0042] More specifically, as noted above, the communica-
tions system 100 may be a multiple access system and may
employ one or more channel access schemes, suchas CDMA,
TDMA, FDMA, OFDMA, SC-FDMA, and the like. For
example, the base station 114« in the RAN 103/104/105 and
the WTRUs 1024, 1025, 102¢ may implement a radio tech-
nology such as Universal Mobile Telecommunications Sys-
tem (UMTS) Terrestrial Radio Access (UTRA), which may
establish the air interface 115/116/117 using wideband
CDMA (WCDMA). WCDMA may include communication
protocols such as High-Speed Packet Access (HSPA) and/or
Evolved HSPA (HSPA+). HSPA may include High-Speed
Downlink Packet Access (HSDPA) and/or High-Speed
Uplink Packet Access (HSUPA).

[0043] In another embodiment, the base station 114a and
the WTRUs 1024, 1025, 102¢ may implement a radio tech-
nology such as Evolved UMTS Terrestrial Radio Access
(E-UTRA), which may establish the air interface 115/116/
117 using Long Term Evolution (LTE) and/or LTE-Advanced
(LTE-A).

[0044] Inother embodiments, the base station 114a and the
WTRUs 1024, 1025, 102¢ may implement radio technologies
such as IEEE 802.16 (i.e., Worldwide Interoperability for
Microwave Access (WiMAX)), CDMA2000, CDMA2000
1x, CDMA2000 EV-DO, Interim Standard 2000 (IS-2000),
Interim Standard 95 (IS-95), Interim Standard 856 (IS-856),
Global System for Mobile communications (GSM),
Enhanced Data rates for GSM Evolution (EDGE), GSM
EDGE (GERAN), and the like.

[0045] The base station 1145 in FIG. 1A may be a wireless
router, Home Node B, Home eNode B, or access point, for
example, and may utilize any suitable RAT for facilitating
wireless connectivity in a localized area, such as a place of
business, a home, a vehicle, a campus, and the like. In one

Jan. 21, 2016

embodiment, the base station 1145 and the WTRUs 102¢,
102d may implement a radio technology such as IEEE 802.11
to establish a wireless local area network (WLAN). In another
embodiment, the base station 1145 and the WTRUs 102¢,
102d may implement a radio technology such as IEEE 802.15
to establish a wireless personal area network (WPAN). In yet
another embodiment, the base station 1145 and the WTRUs
102¢, 1024 may utilize a cellular-based RAT (e.g., WCDMA,
CDMA2000, GSM, LTE, LTE-A, etc.) to establish a picocell
or femtocell. As shown in FIG. 1A, the base station 1145 may
have a direct connection to the Internet 110. Thus, the base
station 1145 may not be required to access the Internet 110 via
the core network 106/107/109.

[0046] The RAN 103/104/105 may be in communication
with the core network 106/107/109, which may be any type of
network configured to provide voice, data, applications, and/
or voice over internet protocol (VoIP) services to one or more
of'the WTRUs 102a, 1025, 102¢, 102d. For example, the core
network 106/107/109 may provide call control, billing ser-
vices, mobile location-based services, pre-paid calling, Inter-
net connectivity, video distribution, etc., and/or perform high-
level security functions, such as user authentication.
Although not shown in FIG. 1A, it will be appreciated that the
RAN 103/104/105 and/or the core network 106/107/109 may
be in direct or indirect communication with other RANs that
employ the same RAT as the RAN 103/104/105 or a different
RAT. For example, in addition to being connected to the RAN
103/104/105, which may be utilizing an E-UTRA radio tech-
nology, the core network 106/107/109 may also be in com-
munication with another RAN (not shown) employing a GSM
radio technology.

[0047] The core network 106/107/109 may also serve as a
gateway for the WTRUs 1024, 1025, 102¢, 102d to access the
PSTN 108, the Internet 110, and/or other networks 112. The
PSTN 108 may include circuit-switched telephone networks
that provide plain old telephone service (POTS). The Internet
110 may include a global system of interconnected computer
networks and devices that use common communication pro-
tocols, such as the transmission control protocol (TCP), user
datagram protocol (UDP) and the internet protocol (IP) in the
TCP/IP internet protocol suite. The networks 112 may
include wired or wireless communications networks owned
and/or operated by other service providers. For example, the
networks 112 may include another core network connected to
one or more RANs, which may employ the same RAT as the
RAN 103/104/105 or a different RAT.

[0048] One or more or all of the WTRUs 102a, 10254, 102c¢,
102d in the communications system 100 may include multi-
mode capabilities, i.e., the WIRUs 102a, 1025, 102¢, 1024
may include multiple transceivers for communicating with
different wireless networks over different wireless links. For
example, the WTRU 102¢ shown in FIG. 1A may be config-
ured to communicate with the base station 114a, which may
employ a cellular-based radio technology, and with the base
station 1145, which may employ an IEEE 802 radio technol-
ogy.

[0049] FIG. 1B is a system diagram of an example WTRU
102. As shown in FIG. 1B, the WTRU 102 may include a
processor 118, a transceiver 120, a transmit/receive element
122, a speaker/microphone 124, a keypad 126, a display/
touchpad 128, non-removable memory 130, removable
memory 132, apower source 134, a global positioning system
(GPS) chipset 136, and other peripherals 138. It will be appre-
ciated that the WTRU 102 may include any sub-combination
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of'the foregoing elements while remaining consistent with an
embodiment. Also, embodiments contemplate that the base
stations 114a and 114b, and/or the nodes that base stations
114a and 1145 may represent, such as but not limited to
transceiver station (BTS), a Node-B, a site controller, an
access point (AP), a home node-B, an evolved home node-B
(eNodeB), a home evolved node-B (HeNB), a home evolved
node-B gateway, and proxy nodes, among others, may
include one or more or all of the elements depicted in FIG. 1B
and described herein.

[0050] The processor 118 may be a general purpose pro-
cessor, a special purpose processor, a conventional processor,
a digital signal processor (DSP), a plurality of microproces-
sors, one or more microprocessors in association with a DSP
core, a controller, a microcontroller, Application Specific
Integrated Circuits (ASICs), Field Programmable Gate Array
(FPGAs) circuits, any other type of integrated circuit (IC), a
state machine, and the like. The processor 118 may perform
signal coding, data processing, power control, input/output
processing, and/or any other functionality that enables the
WTRU 102 to operate in a wireless environment. The proces-
sor 118 may be coupled to the transceiver 120, which may be
coupled to the transmit/receive element 122. While FIG. 1B
depicts the processor 118 and the transceiver 120 as separate
components, it will be appreciated that the processor 118 and
the transceiver 120 may be integrated together in an elec-
tronic package or chip.

[0051] The transmit/receive element 122 may be config-
ured to transmit signals to, or receive signals from, a base
station (e.g., the base station 114a) over the air interface
115/116/117. For example, in one embodiment, the transmit/
receive element 122 may be an antenna configured to transmit
and/or receive RF signals. In another embodiment, the trans-
mit/receive element 122 may be an emitter/detector config-
ured to transmit and/or receive IR, UV, or visible light signals,
for example. In yet another embodiment, the transmit/receive
element 122 may be configured to transmit and receive both
RF and light signals. It will be appreciated that the transmit/
receive element 122 may be configured to transmit and/or
receive any combination of wireless signals.

[0052] In addition, although the transmit/receive element
122 is depicted in FIG. 1B as a single element, the WTRU 102
may include any number of transmit/receive elements 122.
More specifically, the WTRU 102 may employ MIMO tech-
nology. Thus, in one embodiment, the WTRU 102 may
include two or more transmit/receive elements 122 (e.g., mul-
tiple antennas) for transmitting and receiving wireless signals
over the air interface 115/116/117.

[0053] The transceiver 120 may be configured to modulate
the signals that are to be transmitted by the transmit/receive
element 122 and to demodulate the signals that are received
by the transmit/receive element 122. As noted above, the
WTRU 102 may have multi-mode capabilities. Thus, the
transceiver 120 may include multiple transceivers for
enabling the WTRU 102 to communicate via multiple RATs,
such as UTRA and IEEE 802.11, for example.

[0054] The processor 118 of the WTRU 102 may be
coupled to, and may receive user input data from, the speaker/
microphone 124, the keypad 126, and/or the display/touch-
pad 128 (e.g., a liquid crystal display (LCD) display unit or
organic light-emitting diode (OLED) display unit). The pro-
cessor 118 may also output user data to the speaker/micro-
phone 124, the keypad 126, and/or the display/touchpad 128.
In addition, the processor 118 may access information from,
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and store data in, any type of suitable memory, such as the
non-removable memory 130 and/or the removable memory
132. The non-removable memory 130 may include random-
access memory (RAM), read-only memory (ROM), a hard
disk, or any other type of memory storage device. The remov-
able memory 132 may include a subscriber identity module
(SIM) card, a memory stick, a secure digital (SD) memory
card, and the like. In other embodiments, the processor 118
may access information from, and store data in, memory that
is not physically located on the WTRU 102, such as on a
server or a home computer (not shown).

[0055] The processor 118 may receive power from the
power source 134, and may be configured to distribute and/or
control the power to the other components in the WTRU 102.
The power source 134 may be any suitable device for pow-
ering the WTRU 102. For example, the power source 134 may
include one or more dry cell batteries (e.g., nickel-cadmium
(NiCd), nickel-zinc (NiZn), nickel metal hydride (NiMH),
lithium-ion (Li-ion), etc.), solar cells, fuel cells, and the like.
[0056] The processor 118 may also be coupled to the GPS
chipset 136, which may be configured to provide location
information (e.g., longitude and latitude) regarding the cur-
rent location ofthe WTRU 102. In addition to, or in lieu of, the
information from the GPS chipset 136, the WTRU 102 may
receive location information over the air interface 115/116/
117 from a base station (e.g., base stations 1144, 1145) and/or
determine its location based on the timing of the signals being
received from two or more nearby base stations. It will be
appreciated that the WTRU 102 may acquire location infor-
mation by way of any suitable location-determination method
while remaining consistent with an embodiment.

[0057] The processor 118 may further be coupled to other
peripherals 138, which may include one or more software
and/or hardware modules that provide additional features,
functionality and/or wired or wireless connectivity. For
example, the peripherals 138 may include an accelerometer,
an e-compass, a satellite transceiver, a digital camera (for
photographs or video), a universal serial bus (USB) port, a
vibration device, a television transceiver, a hands free head-
set, a Bluetooth® module, a frequency modulated (FM) radio
unit, a digital music player, a media player, a video game
player module, an Internet browser, and the like.

[0058] FIG.1Cis asystem diagram ofthe RAN 103 and the
core network 106 according to an embodiment. As noted
above, the RAN 103 may employ a UTRA radio technology
to communicate with the WTRUs 1024, 1025, 102¢ over the
air interface 115. The RAN 103 may also be in communica-
tion with the core network 106. As shown in FIG. 1C, the
RAN 103 may include Node-Bs 140a, 1405, 140¢, which
may each include one or more transceivers for communicat-
ing with the WTRUs 1024, 1025, 102¢ over the air interface
115. The Node-Bs 1404, 1405, 140c may each be associated
with a particular cell (not shown) within the RAN 103. The
RAN 103 may also include RNCs 142a, 1425. It will be
appreciated that the RAN 103 may include any number of
Node-Bs and RNCs while remaining consistent with an
embodiment.

[0059] Asshown in FIG. 1C, the Node-Bs 1404a, 1405 may
be in communication with the RNC 1424. Additionally, the
Node-B 140¢ may be in communication with the RNC14254.
The Node-Bs 140a, 1405, 140c may communicate with the
respective RNCs 1424, 1425 via an Iub interface. The RNCs
142a,142b may be in communication with one another via an
Tur interface. Each of the RNCs 1424, 1425 may be config-
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ured to control the respective Node-Bs 140a, 14056, 140c¢ to
which it is connected. In addition, each of the RNCs 142a,
142b may be configured to carry out or support other func-
tionality, such as outer loop power control, load control,
admission control, packet scheduling, handover control, mac-
rodiversity, security functions, data encryption, and the like.
[0060] The core network 106 shown in FIG. 1C may
include a media gateway (MGW) 144, a mobile switching
center (MSC) 146, a serving GPRS support node (SGSN)
148, and/or a gateway GPRS support node (GGSN) 150.
While each of the foregoing elements are depicted as part of
the core network 106, it will be appreciated that any one of
these elements may be owned and/or operated by an entity
other than the core network operator.

[0061] TheRNC 1424 inthe RAN 103 may be connected to
the MSC 146 in the core network 106 via an [uCS interface.
The MSC 146 may be connected to the MGW 144. The MSC
146 and the MGW 144 may provide the WTRUs 102a, 1025,
102¢ with access to circuit-switched networks, such as the
PSTN 108, to facilitate communications between the WTRUs
102a, 1025, 102¢ and traditional land-line communications
devices.

[0062] The RNC 1424a in the RAN 103 may also be con-
nected to the SGSN 148 in the core network 106 via an TuPS
interface. The SGSN 148 may be connected to the GGSN
150. The SGSN 148 and the GGSN 150 may provide the
WTRUs 102a, 1025, 102¢ with access to packet-switched
networks, such as the Internet 110, to facilitate communica-
tions between and the WTRUs 1024, 1025, 102¢ and IP-
enabled devices.

[0063] As noted above, the core network 106 may also be
connected to the networks 112, which may include other
wired or wireless networks that are owned and/or operated by
other service providers.

[0064] FIG.1Disasystem diagram of the RAN 104 and the
core network 107 according to an embodiment. As noted
above, the RAN 104 may employ an E-UTRA radio technol-
ogy to communicate with the WTRUs 1024, 1025, 102¢ over
the air interface 116. The RAN 104 may also be in commu-
nication with the core network 107.

[0065] The RAN 104 may include eNode-Bs 160a, 1605,
160c¢, though it will be appreciated that the RAN 104 may
include any number of eNode-Bs while remaining consistent
with an embodiment. The eNode-Bs 160qa, 1605, 160¢ may
each include one or more transceivers for communicating
with the WTRUSs 102a, 1025, 102c¢ over the air interface 116.
In one embodiment, the eNode-Bs 160a, 1605, 160c may
implement MIMO technology. Thus, the eNode-B 160q, for
example, may use multiple antennas to transmit wireless sig-
nals to, and receive wireless signals from, the WTRU 102a.
[0066] Each of the eNode-Bs 160a, 1605, 160c may be
associated with a particular cell (not shown) and may be
configured to handle radio resource management decisions,
handover decisions, scheduling of users in the uplink and/or
downlink, and the like. As shown in FIG. 1D, the eNode-Bs
160a, 1605, 160c may communicate with one another over an
X2 interface.

[0067] The core network 107 shown in FIG. 1D may
include a mobility management gateway (MME) 162, a serv-
ing gateway 164, and a packet data network (PDN) gateway
166. While each of the foregoing elements are depicted as part
of'the core network 107, it will be appreciated that any one of
these elements may be owned and/or operated by an entity
other than the core network operator.
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[0068] The MME 162 may be connected to each of the
eNode-Bs 160a, 1605, 160c¢ in the RAN 104 via an S1 inter-
face and may serve as a control node. For example, the MME
162 may be responsible for authenticating users of the
WTRUs 102a, 1025, 102¢, bearer activation/deactivation,
selecting a particular serving gateway during an initial attach
ofthe WTRUs 1024, 1025, 102¢, and the like. The MME 162
may also provide a control plane function for switching
between the RAN 104 and other RANs (not shown) that
employ other radio technologies, such as GSM or WCDMA.
[0069] The serving gateway 164 may be connected to each
of the eNode-Bs 160a, 1605, 160c¢ in the RAN 104 via the S1
interface. The serving gateway 164 may generally route and
forward user data packets to/from the WTRUs 1024, 1025,
102¢. The serving gateway 164 may also perform other func-
tions, such as anchoring user planes during inter-eNode B
handovers, triggering paging when downlink data is available
for the WTRUs 102a, 1025, 102¢, managing and storing
contexts of the WTRUs 1024, 1025, 102¢, and the like.
[0070] The serving gateway 164 may also be connected to
the PDN gateway 166, which may provide the WTRUs 102a,
1024, 102¢ with access to packet-switched networks, such as
the Internet 110, to facilitate communications between the
WTRUs 1024, 1025, 102¢ and IP-enabled devices.

[0071] The core network 107 may facilitate communica-
tions with other networks. For example, the core network 107
may provide the WTRUs 1024, 1025, 102¢ with access to
circuit-switched networks, such as the PSTN 108, to facilitate
communications between the WTRUs 102a, 1025, 102¢ and
traditional land-line communications devices. For example,
the core network 107 may include, or may communicate with,
an [P gateway (e.g., an IP multimedia subsystem (IMS)
server) that serves as an interface between the core network
107 and the PSTN 108. In addition, the core network 107 may
provide the WTRUs 102a, 1025, 102¢ with access to the
networks 112, which may include other wired or wireless
networks that are owned and/or operated by other service
providers.

[0072] FIG. 1Eis asystem diagram of the RAN 105 and the
core network 109 according to an embodiment. The RAN 105
may be an access service network (ASN) that employs IEEE
802.16 radio technology to communicate with the WTRUs
102a,1025,102¢ over the air interface 117. As will be further
discussed below, the communication links between the dif-
ferent functional entities of the WTRUs 102a, 1025,102¢, the
RAN 105, and the core network 109 may be defined as ref-
erence points.

[0073] As shown in FIG. 1E, the RAN 105 may include
base stations 180a, 1805, 180¢, and an ASN gateway 182,
though it will be appreciated that the RAN 105 may include
any number of base stations and ASN gateways while remain-
ing consistent with an embodiment. The base stations 180a,
1804, 180¢ may each be associated with a particular cell (not
shown) in the RAN 105 and may each include one or more
transceivers for communicating with the WTRUs 1024, 1025,
102¢ over the air interface 117. In one embodiment, the base
stations 180a, 1805, 180c may implement MIMO technol-
ogy. Thus, the base station 180q, for example, may use mul-
tiple antennas to transmit wireless signals to, and receive
wireless signals from, the WTRU 102a. The base stations
180a, 1805, 180c may also provide mobility management
functions, such as handoff triggering, tunnel establishment,
radio resource management, traffic classification, quality of
service (QoS) policy enforcement, and the like. The ASN
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gateway 182 may serve as a traffic aggregation point and may
be responsible for paging, caching of subscriber profiles,
routing to the core network 109, and the like.

[0074] The air interface 117 between the WTRUs 102a,
1024, 102¢ and the RAN 105 may be defined as an R1 refer-
ence point that implements the IEEE 802.16 specification. In
addition, each of the WTRUs 1024, 1025, 102¢ may establish
alogical interface (not shown) with the core network 109. The
logical interface between the WTRUs 102a, 1025, 102¢ and
the core network 109 may be defined as an R2 reference point,
which may be used for authentication, authorization, IP host
configuration management, and/or mobility management.

[0075] The communication link between each of the base
stations 180a, 1805, 180¢ may be defined as an R8 reference
point that includes protocols for facilitating WTRU han-
dovers and the transfer of data between base stations. The
communication link between the base stations 180a, 1805,
180¢ and the ASN gateway 182 may be defined as an R6
reference point. The R6 reference point may include proto-
cols for facilitating mobility management based on mobility
events associated with each of the WTRUs 102a, 1025, 102c.

[0076] As shown in FIG. 1E, the RAN 105 may be con-
nected to the core network 109. The communication link
between the RAN 105 and the core network 109 may defined
as an R3 reference point that includes protocols for facilitat-
ing data transfer and mobility management capabilities, for
example. The core network 109 may include a mobile IP
home agent (MIP-HA) 184, an authentication, authorization,
accounting (AAA) server 186, and a gateway 188. While each
of the foregoing elements are depicted as part of the core
network 109, it will be appreciated that any one of these
elements may be owned and/or operated by an entity other
than the core network operator.

[0077] The MIP-HA may be responsible for IP address
management, and may enable the WTRUs 102a, 1025, 102¢
to roam between different ASNs and/or different core net-
works. The MIP-HA 184 may provide the WTRUs 102a,
1024, 102¢ with access to packet-switched networks, such as
the Internet 110, to facilitate communications between the
WTRUs 1024, 1025, 102¢ and IP-enabled devices. The AAA
server 186 may be responsible for user authentication and for
supporting user services. The gateway 188 may facilitate
interworking with other networks. For example, the gateway
188 may provide the WTRUs 102a, 1025, 102¢ with access to
circuit-switched networks, such as the PSTN 108, to facilitate
communications between the WTRUs 102a, 1025, 102¢ and
traditional land-line communications devices. In addition, the
gateway 188 may provide the WTRUs 1024, 1025, 102¢ with
access to the networks 112, which may include other wired or
wireless networks that are owned and/or operated by other
service providers.

[0078] Although not shown in FIG. 1E, it will be appreci-
ated that the RAN 105 may be connected to other ASNs and
the core network 109 may be connected to other core net-
works. The communication link between the RAN 105 the
other ASNs may be defined as an R4 reference point, which
may include protocols for coordinating the mobility of the
WTRUs 1024a, 1025, 102¢ between the RAN 105 and the
other ASNs. The communication link between the core net-
work 109 and the other core networks may be defined as an RS
reference, which may include protocols for facilitating inter-
working between home core networks and visited core net-
works. As used herein, in one or more embodiments, and/or in
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the corresponding figures, a user equipment (UE) may also be
referred to as a wireless transmit/receive unit (WTRU).
[0079] Embodiments recognize that more recently, demand
for data, and the corresponding increase in data delivery
capacity has been closer to doubling every year or two. There
may be many incremental technology advances taking place
in air interfaces and in networks that may provide meaningful
gains, but for the predicted demand for mobile data a decade
from now, perhaps two synergetic strategies may emerge as
the technologies capable of delivering this huge demand.
[0080] Embodiments recognize that one such strategy may
be the use of smaller and smaller cells. “Small cells” may
imply an increased spatial reuse of the same spectrum and
may be a way to achieve greater capacity. 3GPP entities may
recognize using low-power nodes as one of the ways to cope
with mobile traffic explosion, perhaps especially for hotspot
deployments in indoor and/or outdoor scenarios. A low-
power node may generally refer to anode whose transmission
(Tx) power may be lower than a macro node and/or base
station (BS) classes, for example Pico and Femto eNB may be
both applicable.

[0081] Embodiments recognize the use of additional spec-
trum, for example 3.5 GHz and higher frequencies. There
may also be potential for large bandwidth channels to be
available in high frequency carriers. There may be a syner-
getic effect to be exploited at higher frequencies that may not
have been possible in lower-frequencies (for example, below
2 GHz), namely there may be a potential of much greater
spatial reuse. Perhaps in order to close the link budget for
mmWs, highly directional antennas may be useful and are
perhaps becoming practical (e.g. Wireless HD devices). The
transmissions may be highly contained in the sense that trans-
mitted energy may be concentrated on the intended receiver
(e.g. increasing signal strength) while radiating little in other
directions making it much less likely that the transmission
may cause much interference for unintended receivers. This
may be useful when it comes to addressing inter-cell interfer-
ence in small cells. Since there may be naturally a low prob-
ability of interference in the first place, there may be a lower
requirement for complicated inter-cell interference mitiga-
tions techniques.

[0082] High frequency carriers (e.g., in the mmW spec-
trum) may provide potentially large amounts of spectrum that
could be made available, and perhaps with affordable terms.
The 60 GHz unlicensed spectrum alone may be about 7 GHz
(perhaps depending on the country) and there may be poten-
tially much more that could become available either as
licensed, lightly licensed, and/or unlicensed spectrum.
[0083] Embodiments recognize that the mmW Hotspot
(mmH) architecture may be influenced by the usefulness for
small cells and the use of mmW carrier frequencies. These
two influences may be compatible and perhaps even compli-
mentary. The mmH architecture may include new small
mmW base stations that may be overlaid on a cellular net-
work. The mmW base stations may be denser than the tradi-
tional macro eNBs and may employ self-backhaul that may
use a mmW MESH network to the macro eNB (or other
wired/wireless aggregation point). Phased array antennas
may be useful to close the links due to limited available Tx
power and may provide a low interference environment, and
also may enable a flexible backhaul architecture. These
phased array antennas can also create narrow steerable beams
that may provide backhaul links perhaps rather than addition-
ally deploying a wired backhaul. Because the beams may be
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narrow and/or steerable, they may enable an adaptable MESH
backhaul with pseudo-wired low interference connections
between backhaul links. They may also enable nodes to self-
configure and/or join the MESH as they may be installed,
perhaps since the peer-to-peer (P2P) links may not be pre-
planned as may be the case with fixed beam mmW links.

[0084] Embodiments contemplate a usefulness for dual
connectivity, where UE (or WTRU) may be connected to both
the macro and the small-cell layer simultaneously. The small-
cell layer could be made up of several deployment scenarios,
including but not limited to one or more of:

[0085] Carrier aggregation on the macro layer with
bands X andY, and band X on the small cell layer (and in
some embodiments perhaps only band X on the small
cell layer);

[0086] Small cells supporting carrier aggregation bands
that may be co-channel with the macro layer; and/or

[0087] Small cells supporting carrier aggregation bands
that may not be co-channel with the macro layer.

[0088] Embodiments recognize that existing RAN and/or
protocol stack architectures may not apply for dual-connec-
tivity scenarios when a user may be connected to both the
macro-layer and the small-cell layer. New (heretofore unde-
fined for such purposes) RAN and/or protocol stack architec-
tures and/or corresponding control and data plane procedures
may be useful to address the scenarios and challenges that
dual-connectivity may bring.
[0089] One or more embodiments contemplate small-cell
enhancements with dual-connectivity in which small-cell
deployments have macro coverage. The technology contem-
plated herein may also be applicable to one or more, or all,
existing and as well as future cellular bands, with (perhaps in
some embodiments) a focus on higher frequency bands, e.g.,
the 3.5 GHz band, to utilize the more available spectrum
and/or wider bandwidth. These may include mmW frequen-
cies and/or techniques described herein that may also be
applicable to integrating a non-standalone underlay layer,
with a macro overlay system, such that the macro layer may
provide the required control framework and the underlay
layer may provide relatively “large data pipes” for carrying
high throughput data.
[0090] The term dual-connectivity may be also meant to
cover scenarios where the user equipment ((UE) or wireless
transmit/receive unit (WTRU)) may be connected to the
macro-layer and one or more small-cells simultaneously (e.g.
UE might be actively receiving data from the cells it may be
connected to).
[0091] One or more embodiments contemplate different
RAN, protocol stack and/or radio bearer (RB) architectures
along with their implications. These architectures may be
applicable, but not limited to, one or more of the following
scenarios:

[0092] Control plane terminates at the macro, and S1-C

terminates at the macro

[0093] Small-cell is capable of supporting all RL.C modes
[0094] Small-cell is capable of supporting MAC function-
ality

[0095] Small-cell is capable of supporting bidirectional

physical channels

[0096] There could be an aggregation point (either at the
macro eNB or at a different physical or logical RAN node) for
S1-U interface termination, and/or
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[0097] The Small Cell eNB (SCeNB) could be in partial or
complete control of the Macro eNB (for ex., master-slave
relationship)
[0098] One or more embodiments contemplate Packet Data
Convergence Protocol in one or more small cells. In this
architecture, the PDCP entity for one or more, or each, radio
bearer may be in the small cell node. The security could be
common using the same (shared) key or separate security
keys. In some embodiments, perhaps to perform reconfigu-
ration and data transfer from one small cell node to another,
the context transfer between source and target SCeNBs may
need to be performed. FIG. 1F illustrates an example block
diagram of PDCP layer at a small-cell.
[0099] In some embodiments, a user plane aggregation
point may be part of the architecture. In such a scenario, S1-U
may terminate at the aggregation point. In some embodi-
ments, an Aggregation point/Gateway may or may not be
co-located with macro eNB.
[0100] Embodiments contemplate one or more mobility
aspects, such as one or more of:
[0101] Lossless handover may find useful a new user-
plane interface between the small cell nodes (X3);
[0102] S1-U may terminate at the small cell or the
macro; and/or
[0103] Local forwarding (between Small cell nodes)
may be useful for lossless handover.
[0104] One or more embodiments contemplate PDCP in a
macro cell. In some embodiments, the PDCP entity may be
terminated in the macro-cell. This may leave RLC, MAC
and/or PHY in small cell (or in some embodiments perhaps
only those entities or layers). Embodiments contemplate a
thin control layer in small cell (at least for UE context man-
agement). Having PDCP in macro may include, but not lim-
ited to minimal context transfer, reduced interruption time
during handover, no security key exchange needed between
macro and small cell, no data forwarding between small cells.
[0105] With PDCP in the macro cell, embodiments con-
template at least two alternatives, single RB model or separate
RB model. These alternatives are explained herein. The fol-
lowing are some of the aspects of this protocol-stack archi-
tecture:
[0106] Security—one or more, or all aspects of security
including ciphering and/or integrity protection may be
handled in the Macro-cell. SCeNB to SCeNB handovers may
therefore be treated as intra Macro-eNB handovers, so RoHC
context transfer may be supported.

[0107] S1-U may terminate at the macro

[0108] PDCP data may be buffered at the Macro-eNB
[0109] Local forwarding may not be required for lossless
handover

[0110] PDCP re-ordering in UE is during re-establishment

(or in some embodiments perhaps only during re-establish-
ment), so local forwarding of data may not be required; and/or
[0111] PDCP status report may be generated when UE
handover is complete.

[0112] One or more embodiments contemplate a Separate
Data Radio Bearer (DRB) model. In a separate DRB model,
there may be one to one mapping (or in some embodiments
perhaps there may always be one to one mapping) between
PDCP and RLC entity (e.g. similar to 3GPP baseline). See
figures below for both UL and DL data plane aspects. In some
embodiments, a PDCP entity that may be created for DRBs in
small cell may persist during the handovers between small
cells.

ONEPLUS - EX. 1007





US 2016/0021581 Al

[0113] In some embodiments, one or more, or both, PDCP
and RLC may buffer the packets. In some embodiments,
during handover, local forwarding may be enabled to allow
RLC in the source. The source SCeNB may forward RL.C
SDUs to the target SCeNB. These may include SDUs that
may not be transmitted at all and also those SDUs that may
have been transmitted but may not have been ACKed. In some
embodiments, the PDCP status report may go to macro and
not the SCeNB. Local forwarding may be affected by dupli-
cate PDUs that may be ACKed in status report, but may still
be forwarded locally between the source and the target
SCeNBs, for example. FIG. 2 and FIG. 2A illustrate an
example L2 structure for downlink (DL) in a separate DRB
embodiment. FIG. 3 illustrates an example [.2 structure for
uplink (UL), for example a separate DRB model—where
PDCP may be in the Macro.

[0114] One or more embodiments contemplate a single
DRB model. A single DRB may be split between a macro and
a small cell. In some embodiments, a PDCP in a macro can
have two underlying corresponding RLC protocol set entities,
one set in macro and/or another set in the small cell, for
example. FIG. 4 and FIG. 4A illustrate an example structure
for DL, for example a single DRB model, where the PDCP
may be in the Macro. FIG. 5 illustrates an example .2 struc-
ture for DL, such as a single DRB model.

[0115] Embodiments contemplate one or more aspects of
reconfiguration of traffic from one small cell node to another
small cell node in the context of the architectures described
herein. In embodiments that may include a separate DRB
[0116] One or more techniques are contemplated for new
(heretofore undefined for such purposes) handover signaling,
RACH, PDCP re-ordering, and/or security for reconfigura-
tion of small cells.

[0117] RACH

[0118] PDCP re-establishment and re-ordering procedures
[0119] Security

[0120] X2 signaling

[0121] In scenarios where small-cell layer infrastructure

may be deployed by a 3rd party (such as Boingo) and shared
among multiple mobile network operators, RAN architecture
and/or procedural impacts are described herein. In addition,
in dense urban deployments, a particular small-cell may be
shared by multiple macro eNBs. This may also be applicable
to mmW hotspot scenarios, where small-cell boundaries may
not be as clearly defined as those in lower frequencies and/or
may be more limited by the reachability of the narrow beams
that may be used for mmW operation.

[0122] One or more embodiments contemplate a single
DRB. In the baseline 3GPP procedures for PDCP, a PDCP
entity may advance its re-ordering window one or more, or
every, time a PDU may be successfully received. An excep-
tion (in some embodiments perhaps an only exception) may
be during Handover when the out of order PDCP SDUs due to
re-establishment may be buffered. But perhaps as soon as
handover may be complete, UE may expect packets to be in
order (first missing PDU) else the packets may be lost.
[0123] In such DRB embodiments, it may be useful for a
PDCP to receive one or more reordering procedures perhaps
even in a normal data transfer case and may not be limited
(perhaps may not be only limited) to the handover time-
period. This may be due to the fact that there may be implicit
Multi-RLC protocol (e.g. one set of corresponding RLC enti-
ties at the Macro and/or another set at the SCeNB), so even in
anormal case the PDCP PDUs may arrive out of order. Some
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embodiments contemplate that it may also be useful to factor
a PDCP discard timer on the transmitter, for example.
[0124] One or more embodiments contemplate a small cell
configuration. The small cell configuration from RRC signal-
ing point of view may be made of one or more of at least three
parts:

[0125] SCellToAddModL.ist which may include but not be
limited to sCelllndex, phycellid, eutra frequency, physical-
ConfigDedicatedSCell, mac mainconfig;

[0126] DRB-ToAddModList; and/or
[0127] SCeNB Id.
[0128] In some embodiments, the actual content of DRB-

ToAddModList may depend on the small cell architecture:
[0129] If PDCP may be present in the small cell then,
DRB-ToAddModList may include but not limited to eps-
Bearerldentity, drb-Identity, pdcp-Config, rlc-Config, logi-
calChannelldentity, logicalChannelConfig; and/or

[0130] If PDCP layer may not be present in the small cell
then DRB-ToAddModList may include eps-Bearerldentity,
drb-Identity, rlc-Config, logicalChannelldentity, and/or logi-
calChannelConfig

[0131] Addition of DRB-ToAddModL.ist may be different
from the baseline signaling, as currently the SCell is trans-
parent to the radio bearer. But in case of small cell eNB, in
addition to SCell configuration, the radio bearer configura-
tion may also be signaled. In case of small cell addition, both
SCell and radio bearer configurations may be present. In case
of Scell addition in the small cell layer, SCellToAddModlist
may be present (and in some embodiments perhaps may be
the only present). In case of radio bearer reconfiguration in
the small cell layer, DRB-ToAddModList may be present
(and in some embodiments perhaps may be the only present).
By separating out the SCell and DRB configuration, it may be
possible to independently add and/or remove component car-
riers and/or radio bearers in the small cell layer.

[0132] Inone or more embodiments, the mapping of SCell
and DRB configuration to the small cell eNB may be provided
by the addition of group/node index to the RRC configuration
(e.g., SCeNB Id). The group/node index may uniquely iden-
tify the particular small cell eNB. A UE may use this index to
differentiate/map the carriers and/or bearers to small cell
eNB. In some embodiments, the component carriers and/or
bearers on the macro eNB may be identified by the absence of
a group/node index and/or by reserving a special value (e.g.
“0”) for a group index to refer to macro eNB.

[0133] It may be also possible to relocate radio bearers
from macro to small cell by providing the macro radio bearer
info in the DRB-ToAddModList of the small cell layer con-
figuration with corresponding group/node index of the small
cell and removing the corresponding radio bearer from macro
configuration using DRB-ToReleasel.ist with the corre-
sponding macro implicitly and/or by using group/node index
“0”. In some embodiments, radio bearers can be relocated
from small cell to the macro. For the bearers being relocated,
eps-bearerid and/or (in some embodiments) the drb-id may
remain unchanged after the relocation operation.

[0134] In case of an Scell release procedure the Scell may
be signaled using SCellToReleaseList and/or the group/node
index. Similarly the radio bearer release may be signaled
using drb-ToReleaseList and/or the group/node index. To
remove the whole small cell configuration (e.g. small cell
deletion), Group/index toreleaselist may be added. This may
carry the list of small cell eNBs identified by a group/node
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index to be released. This may release one or more, or all, the
SCell and/or the radio bearers configured for the correspond-
ing small cell.

[0135] One or more embodiments contemplate reconfigu-
ration. One or more embodiments also contemplate recon-
figuration of the small cell layer. The macro-eNB may control
the handover procedures for UEs in RRC-CONNECTED
mode, perhaps assisted by measurement reports from the UE.
Separate measurement configurations may be applied for
macro layer and small cell layers. The following handover
scenarios are contemplated herein:

[0136] a) MeNB1=>MeNB1+SCeNB1 (SCeNB addi-
tion)
[0137] Inthis scenario, a new small-cell may be added

to the UE configuration in addition to the existing
Macro-cell that to which UE may already be con-
nected.
[0138] b) MeNB1+SCeNB1=>MeNB1+SCeNB2 (han-
dover in small cell layer)

[0139] Inthis scenario, UE may still be attached to the
same macro-cell that it may be connected to, but may
move from source small-cell (SCeNB1) to target
small-cell (SCeNB2); and/or

[0140] ¢) MeNB1+SCeNB1=>MeNB1 (SCeNB dele-
tion)
[0141] In this scenario, the small-cell may be

removed/deleted from the UE configuration and the

UE may remain on the Macro-cell that to which the

UE may already be connected.
[0142] FIG. 6 depicts an example call flow for ahandoverin
a small cell layer with the macro remaining unchanged after
handover, specifically covering scenario (b) above, but also at
least implicitly scenarios (a) and (c) as well.
[0143] Referring to FIG. 6, the Macro eNB may configure
the measurement parameters/events/triggers for the UE in an
RRC CONNECTED mode. The UE may send the measure-
ment report when the configured reporting criterion is satis-
fied. In this example, it could be an event representing the
serving SCeNB RSRP/RSRQ level below the configured
threshold and/or the target SCeNB RSRSP/RSRQ level
above the configured threshold.
[0144] Embodiments contemplate that different outcomes
may be possible perhaps depending on the scenario. In some
embodiments the macro eNB may perform the one or more of
the following:

[0145] a) the admission control for the target SCeNB
may happen in the Macro eNB, for example perhaps if
the target SCeNB might not be shared among other
macro eNB and/or perhaps if the target SCeNB might
not support Rel8 operation;

[0146] D) in some embodiments, the macro eNB may do
a first level of admission control for SCeNB2 and/or the
second level of admission control happens in the
SCeNB; and/or

[0147] c¢) in some embodiments the macro eNB can pre-
pare multiple SCeNBs for the same UE.

[0148] In some embodiments, perhaps if the macro can
accept the bearers active in the source SCeNB, then the sce-
nario may become a small cell deletion procedure. In this
case, the RRC reconfiguration message may include DRB-
toRelease list to release the DRBs in the small cells (e.g.
indicated by a corresponding group/node index) and may
include DRBAddModList for the macro layer to include the
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bearers relocated to the macro eNB. So the scenario may be
macro+ small cell->macro (also called relocation of small
cell bearers to macro).

[0149] It may also happen that macro eNB can prepare
multiple SCeNB for the same UE for small cell addition
procedure. Inthis case the RRC reconfiguration message may
include the DRB configurations for one or more SCeNB in the
DRBAddModList with corresponding group/node index.
[0150] Some embodiments contemplate a small cell han-
dover procedure where the bearers may be relocated from the
source SCeNB to target SCeNB. In this case RRC connection
reconfiguration may include the DRBtoReleaseList with the
source SCeNB group/node index and/or the DRBAd-
dModList with target SCeNB group/node index.

[0151] In some embodiments, a same DRB can be split
between macro and SCeNB. This may be applicable to the
scenario where a PDCP may be in the macro cell. In this case,
the macro may provide the same epsbearer-id, drb-id and
potentially different RLC and/or logical channel configura-
tion for the small cell configuration. The list of SCell com-
ponent carriers included in the small cell configuration may
depend on the measurement report received from the UE.
SCeNB2 may then admit the UE and may send an acknowl-
edgement to macro eNB.

[0152] The MeNB may then prepare one or more of the
target SCeNB by providing the UE context information
which can include among others, UE capability, UE AMBR,
Subscriber profile ID, RBs to setup and/or their QoS param-
eters etc. The SCeNB2 may then admit the UE and may send
acknowledgement to macro eNB.

[0153] Macro eNB may deactivate one or more source
SCeNB by sending a UE context release request. The Macro
may also send an RRC Connection reconfiguration to the UE
with macro and/or the small cell configuration.

[0154] For the case when PDCP may be present in the
Macro, a UE context release on the source SCeNB may trig-
ger RLC to send the queued UL RLC SDUs to the corre-
sponding PDCP entity in the macro. PDCP in macro buffers
these PDCP PDUs until the next in sequence PDU may be
received from the UE (via the target SCeNB).

[0155] Forthe case when PDCP may be present in the small
cell, the UE context release on the source SCeNB may trigger
RLC to send the queued UL RLC SDU to the PDCP entity in
the target SCeNB.

[0156] After receiving a handover command, the UE may
trigger re-establishment of the PDCP and small cell RLC
entities. The UE may then synchronize to the target cell (e.g.
if not done already) and then perform RACH on the target
cell. A RACH procedure may be performed as specified
herein.

[0157] Incaseofs single DRB split, the UE and macro may
exchange a PDCP status report over the macro link, when the
handover procedure is going in the small cell layer. The
trigger to send the status report on the macro layer may be the
reception of the RRC Connection reconfiguration message
with the release of DRB on the small cell layer. Also the data
transmission on the bearers split between macro and small
cell may continue on the macro layer when the small cell
handover may be ongoing.

[0158] The same principles may apply when the bearers
may be split between multiple SCeNBs and some of the
SCeNBs may be reconfigured.

[0159] Incase of contention based random access (e.g. if no
dedicated preamble available), a conventional msg3 trans-
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mission may not be interpreted at the small cell. Msg3 may be
replaced by a new MAC control element.

[0160] Once the RAR may be received from the target
SCeNB, the UE may send the RRC Connection reconfigura-
tion complete to macro the eNB. Macro eNB may also wait
for an indication from SCeNB when the UE may successfully
complete uplink synchronization as specified herein.

[0161] A PDCP status report may then be exchanged
between peer PDCP entities (e.g. in the UE and in target
SCeNB), perhaps followed by data transmission.

[0162] One or more embodiments contemplate a reconfigu-
ration of the macro cell layer, such as the example of FIG. 7
and FIG. 7A. Some embodiments contemplate a scenario
where a macro eNB may be changed during handover. In
addition to that there may be one or more variations, perhaps
in some embodiments depending on the small cell layer

change:
[0163] a) MeNB1=>MeNB2 (baseline LTE Rel8/10 han-
dover)

[0164] This may be the 3GPP baseline scenario a where

small-cell layer may not be involved and the UE may
move from source macro-cell (MeNB1) to the target
macro-cell (MeNB2);
[0165] b) MeNB1=>MeNB2+SCeNB1
change+ Small cell addition)

[0166] Insuch scenarios, a new small-cell may be added
to the UE configuration in addition to the Macro-cell
change from source macro-cell (MeNB1) to the target
macro-cell (MeNB2); and/or

[0167] c) MeNB1+SCeNB1=>MeNB2+SCeNB2 (Macro
cell change+ Small cell change)

[0168] In such scenarios, the UE may move from source
small-cell (SCeNB1) to target small-cell (SCeNB2), in
addition to the Macro-cell change from source macro-
cell (MeNB1) to the target macro-cell (MeNB2)

[0169] d) MeNB1+SCeNB1=>MeNB2 (Macro cell
change+ Small cell deletion)

[0170] Insuchscenarios, the small-cell may be removed/
deleted from the UE configuration in addition to the
Macro-cell change from source macro-cell (MeNB1) to
the target macro-cell (MeNB2).

[0171] Theaforementioned scenarios a-d may be employed
individually and/or in any combination, in whole and/or in
part.

[0172] FIG. 7 and FIG. 7A depict an example handover
scenario involving both macro and small cell layer change
specifically covering scenario (c) above, but also at least
implicitly scenarios (b) and (d) as well.

[0173] Referringto FIG. 7 and FIG. 7A, a Macro eNB may
configure the measurement parameters/events/triggers for the
UE in RRC CONNECTED mode. In some embodiments,
there may be different configurations for macro and small cell
layer.

[0174] A UE may send the measurement report perhaps
when the configured reporting criterion may be satisfied. In
the example, it could be as an event representing the MeNB1
RSRP/RSRQ below the configured threshold and/or the
MeNB2 RSRSP/RSRQ above the configured threshold. In
addition to that, UE could also report the list of SCeNBs on
the small cell layer. In one example, the list of SCeNB mea-
sured could be limited to the list of SCeNBs currently served
by the MeNB2. This could be signaled as measurement re-
configuration from the MeNB1, for example, after MeNB2
may exceed a configured threshold.

(Macro  cell
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[0175] In some embodiments, different outcomes may be
possible depending on the scenarios. In one or more embodi-
ments the macro eNB may perform one or more of the fol-
lowing:

[0176] a) the scenarios may become macro to macro han-
dover, perhaps for example perhaps if the UE had a MeNB1
connection (or perhaps only a MeNB1 connection) and if it
either,

[0177] > reports macro MeNB2 with no other SCeNBs,
(or)
[0178] > reports macro MeNB2 with at least one

SCeNB, but UE could not be admitted to the SCeNB;
[0179] D) the scenarios may become a macro cell change
with small cell addition, for example perhaps if the UE had a
MeNB1 connection (or perhaps only a MeNB1 connection)
and if it reports macro MeNB2 with at least one SCeNBs;
[0180] c)thescenarios may become macro cell change with
small cell deletion, for example perhaps if the UE had dual
connectivity on MeNB1+SCeNB1 and if it either

[0181] > reports macro MeNB2 with no other SCeNBs,
(or)
[0182] > reports macro MeNB2 with at least one

SCeNB, but UE could not be admitted to the SCeNB;
and/or

[0183] d) the scenarios may become macro cell change
with small cell change, for example perhaps if the UE had
dual connectivity on MeNB1+SCeNB1 and if it reports
macro MeNB2 with at least one SCeNBs.

[0184] In some embodiments, the RRC connection recon-
figuration message may trigger different types of macro
reconfiguration behavior.

[0185] Insome embodiments, a Handover from MeNB1 to
MeNB2 may be same as baseline LTE Rel8/10 hand over. In
some embodiments, a Handover from MeNB1 to MeNB2
with the addition of one or more small cell eNBs may be
performed by including the mobilityctrl info and/or the
radioresourceconfig dedicated info on the macro layer. New
configuration for small cell layer may be added by providing
the group/node index as described herein. The new small cell
configuration may include the SCell and/or the radio bearer
configuration on the small cell layer, for example.

[0186] Insome embodiments, perhaps in case of handover
from MeNB1 with small cell layer to a new MeNB2 may be
performed by adding mobility ctrl info and the dedicated
radio resource config for the macro layer and the group/node
index release for the corresponding small cell layer. In case of
both macro and small cell change, a combination of small cell
deletion (e.g. for the source small cell) and small cell addition
(for the target small cell) may be performed.

[0187] In some embodiments, the handover with both
macro cell change and small cell change could be done either
in sequence or parallel. In some embodiments, the handover
method may be signaled in the handover command from the
macro eNB. In other words the handover command may
specify whether handover can be sequential or parallel, it
could also specify whether the handovers may use combined
RACH and/or direct access and/or separate RACH.

[0188] In some embodiments, in a sequential approach,
first the uplink sync and access may be performed on the
macro layer and/or after the handover may be completed
successfully on the macro layer, macro may provide the UE
with the SCeNB configuration. Handover may then be per-
formed over the small cell layer. This approach may reduce
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the handover preparation time as the small cell layers may not
be configured during the preparation phase.

[0189] Insomeembodiments, a handover can be performed
simultaneously on a macro and a small cell layer. The con-
templated RACH procedures to support sequential and par-
allel handover are described herein.

[0190] In some embodiments, a Macro eNB may wait for
the handovers in a macro and/or a small cell layers to com-
plete before triggering the path switch request to MME. In
some embodiments, when the PDCP terminates in a macro, a
macro eNB may also trigger a path switch when the handover
is completed on the macro layer, while the handover in the
small cell may still be ongoing.

[0191] One or more embodiments contemplate a small-cell
shared across multiple macro-eNBs. Embodiments contem-
plate one or more scenarios where the small-cell may be
shared across multiple macro eNBs. The potential deploy-
ment scenarios where this architecture may be utilized
include, but not limited to one or more of:

[0192] Small-celllayerinfrastructure may be deployed by a
3rd party (e.g. such as Boingo) and/or shared among multiple
mobile network operators

[0193] Small-cell layer infrastructure shared among mul-
tiple mobile network operators who may already have MOU’s
for network sharing

[0194] Denseurban deployments, where a particular small-
cell may be shared by multiple macro eNBs to alleviate or
minimize data-loss during handover

[0195] mmW hotspot scenarios, where small-cell bound-
aries may not be as clearly defined as those in lower frequen-
cies.

[0196] The impact on handover procedures including both
network and UE related aspects may be described herein
when a UE moves from source macro-cell (MeNB1) to a
target macro-cell (MeNB2) while still being attached to the
same small-cell (SCeNB1) that may be shared across a source
and a target macro-cells.

[0197] Some embodiments contemplate one or more han-
dover procedures. For example, in or more embodiments, a
handover may include one or more of the following:

[0198] Macro eNB may configure the measurement
parameters/events/triggers for the UE in an RRC CON-
NECTED mode. In some embodiments, there could be
different configurations between macro and small cell
layer;

[0199] UE may send the measurement report when the
configured reporting criterion may be satisfied. For
example, it could be an event representing the MeNB1
RSRP/RSRQ below the configured threshold and/or the
MeNB2 RSRSP/RSRQ above the configured threshold.
In addition to that, the UE could also report the list of
SCeNBs on the small cell layer;

[0200] Handover from MeNB1 to MeNB2 may involve
changes to the handover request and/or handover ack
messages between the macro-cells on the X2 interface.
This may now include the current small-cell(s) info that
the UE may currently be connected to and what radio
bearers may be serviced by these corresponding small-
cell(s). When MeNB2 recognizes that one or more of
these small-cells may be shared, it may indicate to
MeNB1 that it may not release (or in some embodiments
perhaps should not release) the corresponding data plane
layers (and any associated control-plane aspects at the
small-cells) at these small-cells;
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[0201] The small-cells that may be shared may be indi-
cated (or may need to be indicated) over the backhaul
interface that any GTP tunnels that may be established
for data forwarding from the MeNB1 for this UE may be
updated (or perhaps may need to be updated) to move
them to MeNB2;

[0202] Thehandover message to the UE may indicate not
to reconfigure or reestablish the data-plane layers asso-
ciated with DRBs (data RBs) corresponding to these
small-cells that are being shared. These could be per-
formed by including the mobilityctrl info and/or the
radioresourceconfig dedicated info on the macro layer.
New configuration for macro-layer may be provided as
in the 3GPP baseline message;

[0203] If PDCP may be terminated in the macro-cell,
then the existing baseline procedures may apply for
forwarding of PDCP data from MeNB1 to MeNB2 even
for DRBs that may correspond to the small-cells that
may be shared between the source and/or target macro-
cells. All the lower-layers for data-plane may not be
reconfigured (or might not need to be reconfigured) dur-
ing this handover event, leading to a handover interrup-
tion time for the bearers associated with shared small-
cells. Also there may be no impact to PDCP reordering
and security/ciphering procedures; and/or

[0204] If a PDCP may be terminated at the small-cell,
then there may be no impact at the UE because of the
RBs that may be mapped to the small-cells that may be
shared. The security keys may have to updated based on
the security scenario used as described herein.

[0205] One or more embodiments contemplate a PDCP
Re-Ordering. In some embodiments, perhaps in case of a
PDCP in the macro cell, a PDCP re-ordering may be per-
formed during a handover (PDCP re-establishment). In case
of an intra-eNB inter-SCeNB handover, the PDCP entity (for
DRBs mapped to AM RLC) at the macro may maintain its
state variables like COUNT etc. When a handover may be
triggered, for the uplink transmission, the source RLC (in
source SCeNB) may forward the queued UL RLC SDUs (e.g.
potentially out-of-order) to macro PDCP. Macro may buffer
these PDCP PDUs, perhaps until it may receive in order
transmission from the UE in the target SCeNB. Macro PDCP
also prepares a PDCP status report that may reflect the up-to-
date status of the PDCP receiver in the macro. This PDCP
status report may then be sent using the target RLC (e.g. in
target SCeNB). UE may receive this PDCP status report and
may start transmitting from the first missing UL PDCP PDU.

[0206] Insome embodiments, for the DL transmission, UE
RLC may forward the buffered DL RLC SDUs to the UE
PDCP. UE PDCP may buffer them until it may receive the
transmission from target SCeNB. UE may also prepare a
PDCP status report to be sent on the target SCeNB after
handover. This PDCP status report may be transparently for-
warded by target SCeNB to macro PDCP. This may help
macro PDCP forward PDCP PDUs from the first missing SN.
Embodiments contemplate that the source and target SCeNB
may have an X2 interface between them. Source SCeNB
could forward the RLC SDUs which are not transmitted and/
or not yet ACKed to the target SCeNB. Target SCeNB can
either inspect the status report from the UE and/or wait for
indication from the macro PDCP to transmit a first downlink
RLC SDU after handover.
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[0207] Insome embodiments, perhaps in a case of a PDCP
in macro (single DRB), the following sequence may be speci-
fied to support reconfiguration:

UE PDCP RECEIVER OPERATION:

[0208] Normal case: re-ordering algorithm:

0) Receive the PDCP data PDU from lower layers

1) Let the next in-sequence PDU SN be N.

2) Ifitis duplicate or PDU out of re-ordering window. Discard
the packet and go to line 0.

3) If received PDCP Data PDU SN=N goto line 7.

4) If re-ordering timer is not running, start the PDCP re-
ordering timer as soon as out of sequence PDCP Data PDU
SN>N (from say RLC1/RLC2) is received.

5) When the re-ordering timer is running, if PDCP Data PDU
(from say RLC2/RLCI1 respectively) is received with SN>N,
then

[0209] a. If the remaining re-ordering time is greater than
threshold, trigger a PDCP status report and wait for in-se-
quence PDCP PDU with SN=N. goto line 0.

[0210] b. Stop re-ordering timer and perform same actions
as re-ordering timer expiry.

6) If the re-ordering timer expires goto 7.

7) Deliver the queued packets to the higher layer, starting
from closest received SN to N in order until the next SN gap
and, for example, perhaps if there is any SN gap, start re-
ordering timer similar to line 4.

8) Set N=1+SN of PDCP data PDU last delivered to higher
layer in line 7.

9) Goto line 0.

[0211] FIG. 8 illustrates an example representation of the
aforementioned sequence that captures the triggers for status
check and the actions related to reordering timer. One or more
embodiments contemplate techniques for PDCP re-ordering
that may include starting a reordering timer, for example
perhaps when an out of sequence packet may be received
from any one of RLC entities. Techniques may also include
marking the missing sequence number. A status check proce-
dure may be performed, for example perhaps when a new
(e.g. fresh or updated) packet may be received from another
RLC entity. The status check may include matching the
marked sequence number with sequence number in the new
packet, perhaps in some embodiments when the new packet
sequence may be greater than the marked sequence number. A
PDCP status report may be transmitted, for example to trigger
retransmission, perhaps in some embodiments if the time to
expiry for the reordering timer may be more than a configured
report threshold. One or more, or all, queued PDUs and/or
advancing the PDCP receive window and/or canceling the
re-ordering timer may be done, for example perhaps if the
time to expiry for the reordering timer may be less than a
configured report threshold.

[0212] One or more embodiments contemplate a handover
between SCeNBs with same Macro anchor, that may include
a re-ordering algorithm. When re-establishment may be trig-
gered the pico RLC may be reset (or in some embodiments
perhaps only such a RLC), but the macro RLC may continue
its session. So pico RLC may deliver the queued SDUs to the
PDCP receiver entity. The re-ordering time may be re-started
and the PDCP receiver may then send a status report to convey
missing PDUs. A PDCP transmitter can then forward the
missing PDUs using macro RLC, while the target pico RLC
may be setup in the UE. A first PDU re-transmitted from
macro PDCP after receiving a status report from the UE, may
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be marked with a bit in the PDCP header, so that the UE may
not wait (or perhaps may not need to wait) for lost PDUs
during handover. After this, normal functions may be restored
as described herein.

[0213] One or more embodiments contemplate a PDCP
Discard.

Since the PDCP in the macro and RLC in the SCeNB may not
be co-located, the standard PDCP discard mechanism might
result in excessive signaling across X2' interface. The signal-
ing overhead between macro and SCeNB interface can be
reduced with one or more contemplated mechanisms.
[0214] In some embodiments, RLC SDU or set of RLC
SDUs sent from macro to pico may also have some control
information associated with it. In addition to UE mapping
and/or QoS related information, the control info may also
include time to live info for this RLC SDU. This time to live
may be calculated as follows:

Time to live=PDCP discard timer-time spent by this
PDU in PDCP buffer.

[0215] In some embodiments, the PDCP discard can be a
local RL.C operation and signaling may be avoided to achieve
this functionality, among other techniques. Also the RLC in
the SCeNB can also have its own AQM, and the ‘Time to live’
can be one of the inputs for efficient operation of AQM.
[0216] One or more embodiments contemplate Security.
RRC and UP keys may be refreshed at handover. KeNB* may
be derived by UE and source eNB from target PCI, target
frequency and KeNB (this may be referred to as a horizontal
key derivation and may be indicated to UE with an NCC that
may not increase) or from a target PCI, target frequency and
NH (this may be referred to as a vertical key derivation and is
indicated to UE with an NCC increase). KeNB* may then be
used as new KeNB for RRC and UP traffic at the target. When
the UE goes into ECM-IDLE one or more, or all keys may be
deleted from the eNB.

[0217] COUNT reusing avoidance for the same radio
bearer identity in RRC_CONNECTED mode without KeNB
change may be left to eNB implementation, e.g. by using
intra-cell handover, smart management of radio bearer iden-
tities and/or triggering a transition to RRC_IDLE.

[0218] Incase of PDCP inthe macro, the same KUPenc and
KRRCenc/KRRCint may be used for one or more, or all,
traffic, perhaps since the ciphering and integrity protection
operations may be performed in the Macro.

[0219] In case of PDCP in the small cell, when a radio
bearer or some portion of a radio bearer may be moved from
one small cell to another, the user plane key may (or in some
embodiments perhaps should) be re-generated.

[0220] Some embodiments contemplate maintaining one
key for macro+ all SCeNBs. Some embodiments contemplate
generating separate user-plane keys for the individual radio
bearers transferred on handing over a radio bearer from one
small cell to another small cell node.

[0221] In some embodiments, the KUPenc could be re-
generated when a data flow/radio bearer may be moved from
one eNodeB to another eNodeB, using PCI, target frequency,
layer indicator which may capture if the target may be a small
cell or a macro, and other parameters. Separately, horizontal
key generation may be performed to increment count when
the UE may moves one or more, or each, time into a single
small cell node. KUPenc* perhaps then the new user-plane
key, may be used for user-plane traffic to/from the small cell
node. FIG. 9 illustrates an example security key generation
technique contemplate by embodiments.
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[0222] In one or more embodiments, the PDCP security
keys may be configured with the SCell configuration which
may include the SCeNB index. In some embodiments, the
MME may configure the eNB with a preconfigured vector of
one or more, or all, the NH values that may be used by the
eNB in subsequent activation of the Scell for different
SCeNBs.

[0223] In one or more embodiments, the NCC index to
SCeNB index mapping may be pre-configured for security,
perhaps so the UE may use the NCC index to generate KeNB
when the first Scell may be in the SCeNB. The UE may
generate the keys, perhaps when the Scell may be configured
or activated. One or more, or all, the subsequent Scell in the
same SCeNB may use the same security context. Alterna-
tively or additionally, NCC may be sent in the MAC CE
Activation command, for example.

[0224] In one or more embodiments, the UE may maintain
a counter with the NCC count, and perhaps when the UE may
get an Activation command for first SCell in SCeNB, it may
increment the NCC counter to generate a new (e.g., fresh)
KeNB with the new (e.g., fresh) value of NCC. Perhaps when
subsequent activations may be performed on the same
SCeNB, the UE may continue to use the existing keys.
[0225] In one or more embodiments, the UE may use a
fixed configured NCC for one or more, or all, the SCells in the
small cell layer, that may be configured by the Macro in the
RRC signaling (e.g. configuration, Security Mode Com-
mand, etc.). One or more subsequent activations and/or deac-
tivations, or perhaps every subsequent activation and/or deac-
tivation, in the small cell layer could use horizontal key
derivation to generate a new security keys, for example.
[0226] In one or more embodiments, the UE may use a
fixed configured NCC for one or more, or all the SCells for a
SCeNB (and in some embodiments perhaps for a single
SCeNB), that may be configured by the Macro in the RRC
signaling (e.g. configuration, Security Mode Command,
etc.). One or more, or every, subsequent activation and/or
deactivation of the SCells in the same SCeNB could use
horizontal key derivation to generate a new security keys, for
example.

[0227] Inone or more embodiments, perhaps when the UE
may get an activation command, the UE may generate one or
more new (e.g., fresh) keys and/or get prepared to use the
pre-configured keys. The UE may send an indication back to
the SCeNB, perhaps when it may be ready to receive data
using the new (e.g., fresh) security keys. The indication may
be sent via MAC and/or RRC signaling. For example, the
indication could be sent to the SCeNB via MAC CE and/or
sent to the SCeNB or the Macro using RRC signaling. Also by
way of example, the indication may be sent on Msg3. The
Msg3 may carry an indication, either MAC and/or RRC, that
may indicate that the UE has completed the security key
generation. In some embodiments, the indication may be sent
using RRC signaling, such that the RRC message that may be
sent may be integrity protected and/or ciphered, perhaps with
keys generated per security configuration for the small cell.
The SCeNB may send a response after confirming the UE’s
keys may be correct, perhaps after veritying the integrity of
Msg3 in a new (e.g., fresh or heretofore undefined) RRC
message (e.g., Msgd).

[0228] In one or more embodiments, perhaps upon receiv-
ing the indication, the SCeNB may proceed to send encrypted
user plane data to the UE, perhaps using the new (e.g.,
updated) security context. In some embodiments, a UE may
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indicate its readiness to receive from the SCeNB for any new
(e.g., updated) RRC reconfiguration using RACH/MAC
CE/PUCCH signaling. An example technique is illustrated in
FIG. 10. One or more embodiments contemplate that a UE
may receive a RRC reconfiguration from a macro site that
may contain the new (e.g. fresh) RRC configuration to use in
the small cell. The RRC configuration may also include an
UL indication resource for small-cell. MAC and/or PHY
layers corresponding to small cell may be configured with the
new configuration. An indication to the small cell may be
transmitted, for example using the preconfigured UL resource
(e.g. via RACH, MAC message, and/or PUCCH). The UE
may receive data from the small cell with the new configura-
tion. The UE may transmit a RRC reconfiguration complete
indication to the macro site.

[0229] In one or more embodiments, a small cell may
receive a UE specific radio bearer configuration for the small
cell operation from the macro eNB. The small cell may
receive an indication from the UE (e.g., via RACH, MAC
message, and/or PUCCH) to activate the aforementioned
configuration. The small cell may activate the configuration
provided by the macro eNB.

[0230] Inone or more embodiments, the lifetime of the key
or keys may be an activation sequence (e.g., a single activa-
tion sequence) and/or a configuration sequence (e.g., a single
configuration sequence), for example.

[0231] Inone or more embodiments, perhaps during mobil-
ity, the source eNB and/or the MME may additionally indi-
cate the list of NCCs and/or NH values that may already be
used by the target eNB in the source, and/or give a new (e.g.,
fresh) set of NH values to the target eNB that may be used for
small cell SCells.

[0232] One or more embodiments contemplate one or more
mobility measurements. The Macro eNB may configure a
new measurement configuration for the small cell eNB when
the small cell may be added. The macro’s measurement con-
figuration MeasConfig could include new threshold for
S-meas, to define when the UE may (or perhaps should)
initiate mobility measurements for the small layer. In addi-
tion, perhaps based on scheduling, the macro could configure
the UE to start/stop the measurements of the small cell layer.
[0233] Embodiments contemplate a measurement report-
ing procedure, perhaps for when the UE may be requested to
report the small cell measurements with different configura-
tion, periodicity, events and thresholds as compared to report-
ing for the macro layer. The macro may use the measurements
of the small cell layer to make handover decision, for e.g.,
even if the UE may have a better link to a particular macro
eNB1, if the connection to small eNB associated with macro
eNB2 and/or better, and/or the UE is handed over to the macro
eNB2.

[0234] In some embodiments, the UE may indicate a pref-
erence to a certain neighbor based on the small cell measure-
ments, or proximity with small cells detected by other means.
Fore.g., if the UE may be configured with location or PCIs of
small cell nodes, the proximity detection at the UE could be a
trigger to send a new measurement report or indication to the
network to request reconfiguration.

[0235] In one or more embodiments, perhaps in order to
handle Layer 2 mobility in one layer (e.g., small cell layer), a
mobility management entity in another layer (e.g., macro)
may find useful assistance from the UE and/or the SCeNB.
[0236] The UE may send an indication to the Macro, per-
haps when it may detect its radio link degradation on the

ONEPLUS - EX. 1007





US 2016/0021581 Al

small-cell layer. The degradation may be detected by one or
more configured Layer 1, Layer 2, and/or Layer 3 events. In
one or more embodiments, perhaps when the UE may detect
its radio link conditions may have fallen below a configured
threshold in the small-cell layer, the UE may send a measure-
ment report to the MeNB on another layer. For example, if the
CQI may be less than a configured threshold, the UE may be
triggered to send an indication to the network.

[0237] Inone or more embodiments, the trigger to send the
indication may be sent by the small cell eNB (SCeNB), for
example, by use of a MAC CE. In some embodiments, per-
haps when the SCeNB may detect the UE CQI measurement
may have fallen below a threshold, the SCeNB may send a
trigger to the UE RRC to send an aperiodic RRC measure-
ment report to the MeNB on another layer (for example, the
Macro). In some embodiments, the SCeNB may directly and/
or indirectly send an indication over the backhaul to the
Macro and/or forward the measurement report from the UE to
the Macro. In one or more embodiments, the indication sent to
the Macro layer could be a measurement report, for example
an aperiodic small cell CQI report and/or an aperiodic RRC
measurement report.

[0238] In one or more embodiments, the RRC measure-
ment report may include one or more measurements of neigh-
bor cells on the small cell layer, and/or a set of configured
neighbor cells, and/or one or more, or all, cells in a cluster. In
some embodiments, the measurement report could be config-
ured to include one or more, or all, cells that may be part of the
cluster, and/or a white list of neighbors that may be config-
ured in the measurement object.

[0239] In one or more embodiments, the UE may be con-
figured with a cluster identity such that the UE may trigger a
measurement report for one or more measurement objects,
perhaps as a function of such configuration. For example, if
the CQI may be less than a configured threshold, the SCeNB
and/or the UE itself may trigger to send a RRC measurement
report.

[0240] One or more embodiments contemplate that it may
be useful for the activation of one cell to trigger a relatively
faster measurement cycle for neighboring cells. For example,
the measurement configuration may include a list of white
listed cells that may be neighbor cells for the configured
small-cell. Perhaps when the small-cell may be activated, one
or more of the neighbor cells may stop using measCycleSCell
(e.g., a measurement cycle for Scells in deactivated state),
and/or may use a different (e.g., relatively faster) measure-
ment cycle. In some embodiments, the activation of at least
one cell may trigger a scaling down of the measCycleSCell to
a smaller value, for example. Perhaps when at least one cell
may be activated in at least one layer (e.g., the small cell
layer), this may trigger a measurement report (e.g., a CSI-RS
report) for one or more white list neighbor cells that may be
sent to a node in another layer (e.g. the Macro layer).

[0241] Inone or more embodiments, the SCeNB may send
a command to the UE to request a aperiodic CQI measure-
ment report to the MeNB (e.g., over RRC), perhaps for
example, when the SCeNB may detect a degradation of one or
more uplink channel conditions.

[0242] One or more embodiments contemplate one or more
Idle Mode Selection/Re-selection Procedures. In a deploy-
ment with small cells, it may be useful for the UEs to prefer-
entially camp to the macros that have optimum small cell
coverage. In one example, the UE may have best macro
coverage from macro eNB1 but under small cell coverage of
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small cell SCeNB2 tethered to macro eNB2. In this case, it
would be optimum for the UE to selection macro eNB2 as the
suitable cell, so that it may have better access to small cell
layer when it moves to connected mode.

[0243] Insome embodiments, the UE may measure one or
more, or all, the cells in the neighborhood, and may make a
list of the top N strongest cells. If any of the cells may be
macro cells that have with small cells which may also be inthe
list, then the corresponding macro cell may be prioritized for
cell selection. In some embodiments, the small cells may
broadcast separate discovery reference signals that the UE
may monitor and for the cell selection. The UE may consider
the macros in the list that advertise the presence of one of the
detected small cells (or in some embodiments perhaps only
such macros). In some embodiments, the macro eNB may
provide the small cells that it may be managing in the SIB1.
[0244] Referring to FIG. 11, in some embodiments, the
small cell node may be shared by multiple operators—Opr 1
and Opr 3, and may send a list of macro network/operators it
may be associated with, perhaps assuming the UE may
belong to Operator 1. FIG. 11 illustrates an example small cell
shared by multiple operators. The UE may perform cell selec-
tion decisions using the macro layer and small cell layer in at
least two stages—the UE may detect the small cell layer and
may detect the strongest signal from the small cell layer—the
UE may detect the small cell layer information indicating it
supports Operator 1, Macro eNB2. Based on strongest signal
from the macro layers, the UE may start with Macro eNB 1
and may use the small cell list to determine that it may not be
associated with the strongest small cell. The small cell layer
support may be for Macro eNB 2, and the UE may then select
Macro eNB2.

[0245] Insomeembodiments, the Srxlev may be calculated
using the proximity (rx_pwr) from the small cell as one of the
parameters in the calculation. In some embodiments, the
detection of small cell could be factored by addition of a new
term Qsmallcelloffset which may be computed as the delta=
(Qrxlevmeas(small_cell)-Qrxlevmeas(macro)). Addition-
ally the UE may have a separate power class for the small cell,
and the computation may also account for Pcompensation
(small cell).

[0246] One or more embodiments contemplate one or more
random access procedures for small cell layer. Some embodi-
ments contemplate a combined RACH for macro and small
cell. During inter-macro eNB handovers, the target macro
eNB can configure the associated small cells (could be one or
more, or all, the small cells or a subset of them, may determine
the factors like, which source eNB requests handover, mea-
surement results provided by the UE via source cell and/or
approximate location information of the UE, or the like) the
RACH configuration used by the UE. When UE performs
random access to the target macro eNB, the configured small
cells can also listen to this uplink transmission of the UE and
may estimate among other factors at least the timing, pre-
amble and/or UL signal level (above a local threshold).

[0247] Small cells may then provide this information
(which may include detected UE preambles, and/or timing
advance, etc.) to the macro eNB. Macro eNB can use suitable
criteria to filter out the candidate small cells and may provide
chosen candidates and their configurations (along with timing
advance to the small cell, locations of reference signals, etc.)
to the UE. Macro eNB may also provide the temporary
CRNTI that may be allocated by the small cell and frame
offsetofallocation start. The UE may then perform DL timing
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synchronization to the small cell and may use the provided
timing advance for uplink access on small cell. This may
expedite the UE access to the small cell perhaps without the
need to have separate random access procedure.

[0248] In some embodiments, the aforementioned tech-
nique can also be extended to the small cell addition scenario.
For example, small cell layer can use the uplink transmissions
made by UE to macro eNB to estimate UE’s suitability and/or
timing advance and can provide this information to macro
eNB. Macro can then configure the UE to measure the down-
link transmissions from the small cell (e.g. by providing
locations of new reference signals or using the existing ref-
erence signals from the small cell). Macro can also provide
the propagation delay estimated by the small cell to the UE, so
that UE can access the small cell without having the need to
perform random access procedure. In some embodiments, the
small cell addition scenario may use UE’s SR/SRS transmis-
sions, perhaps instead of RACH. An example signaling flow
for a combined RACH procedure is shown in FIG. 12.
[0249] Referring to FIG. 12, one or more embodiments
contemplate that a Macro eNB may receive a handover
request from a source macro eNB. The Macro eNB may
configure one or more small cells with a UE specific RACH
configuration, which may be used to perform RACH listen
procedure. The Macro eNB may send to a source macro eNB
a handover acknowledgement (ack) message, that may
include a common RACH configuration applicable to the
macro layer and/or small cell layer. The Macro eNB may
obtain results of RACH listen procedure that may include
timing advance, UL signal level, and/or RACH preamble
information from one more small cells. A short listing (e.g.
identification or determination) of one or more small cells
may be done, perhaps based on the received RACH results
from the small cells. The Macro eNB may configure the
short-listed small cells to service the UE involved in RACH
procedure. The Macro eNB may receive UL/DL allocation
information for the UE from the small cell eNB. The Macro
eNB may configure the UE with small cell configuration
information that may include the timing advance and/or
resource allocation to the small cells. The Macro eNB may
receive the configuration activation confirmation from the UE
and/or the selected small cell(s).

[0250] One or more embodiments contemplate that a Small
cell eNB may calculate the timing advance, for example
perhaps using the common RACH configuration and/or the
RACH listen procedure. The Small cell eNB may receive a
handover request from the Macro eNB. The Small cell eNB
may allocate UL and/or DL resources to the UE fora duration
that may be equal to a response window. The Small cell eNB
may provide the UE resource allocation information to the
Macro eNB, perhaps along with and/or in addition to a han-
dover Ack message.

[0251] One or more embodiments contemplate that the UE
may receive an RRC reconfiguration with small cell addition,
that may include a timing advance to be applied to the small
cell, radio bearer configuration for the small cell, offset to the
sub frame containing resource allocation, and/or a response
window. The UE might not perform a Random access proce-
dure to the small cell. In some embodiments, this may be
referred to as small cell direct access. Embodiments recog-
nize that a random access procedure may be used for one or
more purposes (e.g., resolve contention, obtain UL timing
advance, obtain initial UL transmission power, etc.). In some
embodiments there might not be an issue of contention, per-
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haps since the small cell addition may be controlled by macro
eNB. In some embodiments, a small cell eNB may be based
onaRACH listen procedure and/or any other mechanism that
may estimate the UL timing advance and/or the initial UL
power level for the UE (e.g. where small cell sizes are small).
In some embodiments, the small cell eNB may directly con-
figure a DL and/or UL resource to the UE as described pre-
viously. In such scenarios, among others, the UE might not
perform full-fledged RACH. The UE may receive and/or
decode a PDCCH message, for example perhaps according to
the configured resource. In some embodiments, the UE may
transmit to the small cell, a PUCCH/MAC message, for
example perhaps according to the configured resource with
the provided timing advance.

[0252] One or more embodiments contemplate that a
Source Macro eNB may obtain measurement results for the
macro layer. The Source Macro eNB may configure a UE with
measurements on the macro layer (e.g., that may include one
or more, or all, the frequencies that may be used by the Macro
eNBs). The Source macro eNB may obtain measurement
results for the macro layer from the UE. The Source Macro
eNB may place on a “shortlist” (e.g. identify) potential small
cells (e.g., those small cells that may be associated to corre-
sponding macro cells ranked based on the measurement
results), for example perhaps depending on the macro layer
results. The Source Macro eNB may configure the UE to
measure those small cells (for example, perhaps by including
the carrier frequencies that may be used by the small cell
eNBs and/or their cell IDs).

[0253] The Source Macro eNB may trigger the UE to mea-
sure one or more small cells that may be associated to the
target macro eNB. The Source Macro eNB may receive mea-
surement results of one or more small cells, for example
perhaps according to the configured measurement events.
The Source Macro eNB may provide an indication on the X2
interface, the target macro, the set of Small cells measured by
the UE, and/or the set of bearers mapped to one or more, or
each, of the small cells. The Source Macro eNB may receive
from the target macro eNB an indication to retain one or more
bearers on the small cell layer and one or more bearers that
may be moved from the source macro eNB and/or source
small cell, perhaps after a handover on the macro layer. For
example, the UE may have bearers b1, b2 from Source MeNB
and/or bearers b3, b4 from small cell eNB. The Source Macro
eNB may determine a handover may be useful and/or may
make one or more requests regarding the Target MeNB. In
some embodiments, it may be assumed that the same small
cell eNB may be shared between source MeNB and Target
MeNB). The Target eNB may map none, one or more, or all,
of {b1,b2,b3,b4} to Target MeNB. The Target MeNB may
add none, one ormore, orall of {b1,b2} (e.g., which might not
already be chosen by target MeNB) to small cell eNB. The
Target eNB may remove none, one or more, or all, of {b3,b4}
(e.g., which may already be chosen by the Target MeNB)
from the small cell eNB. The Target MeNB may send such a
decision(s) to the Source Macro eNB. The Source Macro eNB
may perform the bearer move and/or deletion operation. The
Source Macro eNB may send a handover command to the UE.
The Source Macro eNB may release bearers on one or more
small cell eNB, perhaps as indicated by the Target Macro
eNB.

[0254] One or more embodiments contemplate a small cell
RACH. In some embodiments, the RRC may terminate at the
macro eNB and DRBs may be carried by small cells (perhaps
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only DRBs). In such architecture, one or more, or all, the RRC
messages may be transmitted to macro eNB. RACH proce-
dures may be modified to support such architecture.

[0255] In case of contention free random access, the con-
figuration of small cell parameters (e.g. dedicated RACH
preamble, PRACH resource, etc.) may be provided by macro
eNB to the UE. The difference from baseline random access
procedure may be that RRC and MAC may terminate at
different nodes. The UE may send RRC configuration com-
plete to macro eNB, while RACH preambles may be sent to
small cell eNB. In some embodiments, this may affect the
timing and triggers to send RRC configuration complete.
RRC configuration complete may be sent to macro eNB after
receiving RAR from the small cell eNB. Also from the small
cell point of view, handover completion may be detected by
new msg3, as perhaps using RRC message in this architecture
may not be possible, as small cell may not interpret RRC
messages. This new msg3 can be any higher layer packet
(data/PDCP status report), which may or may not include
BSR (e.g. for the case where the buffers of radio bearers
handed over to small cell may be empty, BSR may be sent,
and in some embodiments perhaps may always be sent). In
addition, the first uplink transmission to the small cell eNB
may have a new MAC CE with a unique UE identity. In some
embodiments, the msg3 can include a new MAC CE with the
CRNTI ofthe macro eNB. If the small cell may be shared with
multiple macro eNB, then a combination of CRNTI+ cell id
of' macro can be used. If the small cell may be shared among
multiple operators then CRNTI+ global cell id of macro can
beused. In some embodiments, the unique UE ID may also be
derived from STMSI. In msg4 the small cell eNB may echo
back the contents of msg3 to the UE.

[0256] In case of contention based random access, parallel
handovers may be performed in macro and/or small cell lay-
ers. Small cell layer may have a contention resolution proce-
dure different from macro eNB. Similar to the contention
based random access, a new msg3 may be used to indicate
completion ot handover and/or to resolve contention. The UE
ID in msg3 may be chosen as a function/combination of at
least one of CRNTI/Cell-id/Global cell-id/STMSI. The small
cell eNB may then send msg4 with the same unique UE ID
received in msg3.

[0257] The small cell RACH procedure may co-exist with
an ongoing macro random access procedure (e.g. for parallel
handover scenario) and/or can be a sequential procedure that
may be triggered after a successful macro handover.

[0258] In some embodiments, UE may be handed over to
multiple small cells and/or added to multiple small cells. In
this case, with UE may be required to perform one RACH
transmission (and perhaps only one) for one or more, or all,
the configured small cells. One or more, or all, the configured
small cells may receive the preamble and may estimate the
timing advance and may provide the grants and timing
advance command individual RAR per small cell layer.
[0259] One or more embodiments contemplate small cell
direct access. For small cells with very small radius, the
propagation delays may not be significant. Embodiments
contemplate that the conventional random access may be
replaced with a direct access. Direct access may allow the UE
to make the uplink transmission in the cell based on the small
cell DL frame timing and offset factor provided by the macro.
Macro eNB may calculate this offset by the knowledge of
timing advance on the macro cell and the relative position of
the small cell and the UE.
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[0260] In some embodiments the UE may get allocations
on the target small cell immediately after the handover com-
mand may be received from the macro eNB, for example
perhaps when small cell addition/small cell handover may be
triggered by the macro eNB. In some embodiments, this
target resource allocation may be conveyed by the small cell
to the macro eNB and then to the UE via handover command.
This handover command may then include the allocation start
offset (e.g. with reference to small cell frame number), a new
IE inthe RRC message identifying the PUCCH resource/SRS
to use in the target small cell and the duration (in subframes)
of this allocation which may corresponds to the response_
window_size. If no uplink transmissions may be received
during this duration then handover failure procedures may be
triggered. This PUCCH allocation may re-use existing
PUCCH formats (e.g. convey dummy ACK or CQI) and/or a
new PUCCH format just to convey for example the ID ofthe
UE (e.g. which may be provided over the handover command,
e.g. Temp-CRNTI obtained from small cell via macro eNB in
handover command) and/or a predefined SRS configuration if
SRS resource may be used.

[0261] Insomeembodiments, adirectaccess using PDSCH
may be performed. For this, small cell may send the tempo-
rary CRNTI (or perhaps only the temporary CRNTI) to the
macro eNB and this may be forwarded along with small cell
config to the UE. The UE may then read target small cell
PDCCH using the temporary CRNTI received in the han-
dover command from the macro eNB to find the UL alloca-
tions. These allocations may be of smaller size (2 RBs) and
may last for a specific number of sub frames (e.g. either
persistently allocated or individually allocated) defined by
response_window_size. If no uplink transmissions may be
received during this duration then handover failure proce-
dures may be triggered. UE ID may be implicitly known by
the fact that allocations may be made specific to UE and any
uplink transmission in the allocated resources may be
assumed to be sufficient to detect the UE.

[0262] Although features and elements are described above
in particular combinations, one of ordinary skill in the art will
appreciate that each feature or element can be used alone or in
any combination with the other features and elements. In
addition, the methods described herein may be implemented
in a computer program, software, or firmware incorporated in
a computer-readable medium for execution by a computer or
processor. Examples of computer-readable media include
electronic signals (transmitted over wired or wireless connec-
tions) and computer-readable storage media. Examples of
computer-readable storage media include, but are not limited
to, a read only memory (ROM), a random access memory
(RAM), a register, cache memory, semiconductor memory
devices, magnetic media such as internal hard disks and
removable disks, magneto-optical media, and optical media
such as CD-ROM disks, and digital versatile disks (DVDs). A
processor in association with software may be used to imple-
ment a radio frequency transceiver for use in a WTRU, UE,
terminal, base station, RNC, or any host computer.

1. A first wireless transmit/receive unit (WTRU), the first
WTRU being in communication with a network, the first
WTRU comprising:

a processor, the processor configured to at least:

receive a second radio resource control (RRC) configura-

tion corresponding to a second WTRU, the second RRC
configuration being a replacement to a previously
received first RRC configuration;

ONEPLUS - EX. 1007





US 2016/0021581 Al

receive an uplink (UL) indication resource corresponding
to the second WTRU, the UL indication resource includ-
ing dedicated information for communication with the
second WTRU, the second WTRU being in communi-
cation with the network, the second WTRU configured
to recognize the UL indication resource, the second
WTRU being a small cell enhanced Node-B (SCeNB);

configure a medium access control (MAC) layer with the
second RRC

configuration, the MAC layer configured to recognize the

second WTRU; ; and

initiate the transmission of a first indication to the second

WTRU using the UL indication resource, the first indi-
cation causing the second WTRU to activate a configu-
ration corresponding to the second RRC configuration.

2. The first WITRU of claim 1, wherein the processor is
further configured to:

receive data from the second WTRU using the second RRC

configuration; and

initiate the transmission of a second indication to a third

WTRU, the second indication indicating that the second
RRC configuration is completed.

3. The first WITRU of claim 1, wherein the processor is
further configured such that the second RRC configuration is
received from a third WTRU, the third WTRU being in com-
munication with the network.

4. The first WITRU of claim 1, wherein the processor is
further configured to configure a physical (PHY) layer with
the second RRC configuration, the PHY layer corresponding
to the second WTRU.

5. The first WITRU of claim 2, wherein the processor is
further configured such that the transmission of the indication
to the second WTRU using the UL indication resource is
conducted via at least one of a random access channel
(RACH), a MAC message, or a physical uplink control chan-
nel (PUCCH).

6. The first WTRU of claim 1, wherein the second RRC
configuration includes a reconfiguration of the second
WTRU.

7. (canceled)

8. The first WTRU of claim 2, wherein the third WTRU is
a macro enhanced Node-B (MeNB).

9. A first wireless transmit/receive unit (WTRU) in com-
munication with a communication network, first WITRU
being a small cell enhanced Node-B (SCeNB), the first
WTRU comprising:

a processor, the processor configured, at least to:

receive a first configuration for the first WITRU, the first

configuration corresponding to a second WTRU, the first
configuration including instructions to recognize an
uplink (UL) indication resource, the UL indication
resource including dedicated information for communi-
cation with the first WTRU,

receive an indication from the second WTRU, the indica-

tion including the UL indication resource, and the indi-
cation causing the first WTRU to activate the first con-
figuration; and

activate the first configuration upon receipt of the indica-

tion.

10. The first WTRU of claim 9, wherein the processor is
configured such that the indication is received via at least one
of' a random access channel (RACH), a MAC message, or a
physical uplink control channel (PUCCH).
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11. The first WTRU of claim 9, wherein the processor is
further configured to:

initiate the transmission of data to the second WTRU using

the first configuration.

12. The first WTRU of claim 9, wherein the processor is
configured such that the first configuration is received from a
third WTRU.

13. The WTRU of claim 9, wherein the first configuration
includes a radio bearer configuration corresponding to the
second WTRU.

14. (canceled)

15. The first WTRU of claim 12, wherein the third WTRU
is a macro enhanced Node-B (MeNB).

16. A wireless transmit/receive entity (WTRU), the WTRU
in communication with a network and one or more radio link
control (RLC) entities, the WTRU comprising:

a processor, configured at least to:

receive a first packet of one or more packets from a first

radio link control (RLC) entity of the one or more (RLC)
entities;

determine that the first packet is an out-of-sequence

packet;

start a timer upon determining that the first packet is an

out-of-sequence packet;
determine at least one missing sequence number;
receive a second packet of the one or more packets from
a second RLC entity of the one or more RLC entities;
perform a packet sequence status check upon receipt of the
second packet; and
transmit a packet data convergence protocol (PDCP) status
report upon a time to expiry for the timer being more
than a configured threshold, the PDCP status report trig-
gering a retransmission of the one or more packets.

17. The WTRU of claim 16, wherein the processor is fur-
ther configured such that the packet sequence status check
comprises:

determine a sequence number associated with the second

packet; and

match the at least one missing sequence number with the

sequence number associated with the second packet
upon the sequence number associated with the second
packet sequence being greater than the at least one miss-
ing sequence number.

18. (canceled)

19. The WTRU of claim 16, wherein the processor is fur-
ther configured to:

flush one or more queued packet data units (PDUs) upon

the time to expiry for the timer being less than the con-
figured threshold.

20. The WTRU of claim 16, wherein the processor is fur-
ther configured to:

advance a PDCP receive window upon the time to expiry

for the timer being less than the configured threshold.

21. The WTRU of claim 16, wherein the processor is fur-
ther configured to:

at least one of: stop or restart the timer upon the time to

expiry for the timer being less than the configured
threshold.

22. The WTRU of claim 16, wherein the timer is a reorder-
ing timer.

23. The WTRU of claim 16, wherein WTRU is a first
WTRU and the first RL.C entity corresponds to at least one of:
a second WTRU or a third WIRU.
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24. The WTRU of claim 16, wherein WTRU is a first
WTRU and the second RLC entity corresponds to at least one
of: a second WIRU or a third WTRU.

25. The WTRU of claim 23, wherein the second WTRU is
a small cell enhanced Node-B (SCeNB).

26. The WTRU of claim 23, wherein the third WTRU is a
macro enhanced Node-B (MeNB).

27.-40. (canceled)
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             1               THE REPORTER:  Good morning.



             2          The attorneys participating in this



             3          deposition acknowledge that I am not



             4          physically present in the deposition



             5          room and that I will be reporting



             6          this deposition remotely.



             7               They further acknowledge that



             8          in lieu of an oath administered in



             9          person, I will place the witness



            10          under penalty of perjury.



            11               The parties and their counsel



            12          consent to this arrangement and waive



            13          any objections to this manner of



            14          reporting.  Please indicate your



            15          agreement by stating your name and



            16          your agreement on the record.



            17               MR. STANFORD:  My name is



            18          Matthew Stanford from Mayer Brown on



            19          behalf of the patent owner Pantech



            20          Corporation, and I have no



            21          objections.



            22               DR. MOULDER:  Chris Moulder,



            23          Perkins Coie on behalf of petitioner,



            24          and I have no objections.



            25               THE REPORTER:  Dr. Lo, please
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             1          raise your right hand.



             2               Do you swear or affirm that the



             3          testimony you are about to give will



             4          be the truth, the whole truth, and



             5          nothing but the truth?



             6               THE WITNESS:  Yes, I do.



             7               THE REPORTER:  Thank you.



             8               You're all set, counsel.



             9               MR. STANFORD:  Thank you.



            10    EXAMINATION



            11    BY MR. STANFORD:



            12         Q.    Well, good morning or good



            13    afternoon, depending on where you are.  I



            14    believe you're on the West Coast, Dr. Lo?



            15         A.    Yes, in Seattle.  Good morning.



            16         Q.    Could you please state and



            17    spell your name for the record.



            18         A.    My name is Titus Lo, T-I-T-U-S,



            19    and last name is L-O.



            20         Q.    Thank you.  Is anyone else in



            21    the room with you right now?



            22         A.    No.  It's only me.



            23         Q.    And do you have any physical



            24    documents in front of you or on the desk



            25    around you?
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             1         A.    Yes, I have the whole pile of



             2    exhibition papers.  Yes.



             3         Q.    And this will be just the



             4    documents that have been filed in this IPR



             5    proceeding, correct?



             6         A.    Correct.  Yes.  All the



             7    exhibition, clean.



             8         Q.    Clean.  That was going to be



             9    the next question, so thank you.



            10               Do you have any electronic



            11    devices around you, a cellphone, anything



            12    besides your computer?



            13         A.    Yes.  I have a cellphone, it's



            14    turned off.  And I have a landline phone,



            15    and that's it.  Of course the computer.



            16         Q.    Yes.  And any other



            17    applications open on the computer besides



            18    this Zoom chat?  Or the Zoom meeting?



            19         A.    Yes.  It's the PDF that is



            20    opened up for the file.



            21         Q.    Okay, so if you have any open



            22    applications, please close them.  As we go



            23    through this, any documents I want you to



            24    take a look at, I'll add them into the chat



            25    function.
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             1               Have you done a deposition that



             2    way before?



             3         A.    No, for remote, this is the



             4    first time.



             5         Q.    It's pretty straightforward.



             6    Like I said, I'll just add these documents



             7    into the chat function and you can open



             8    them in native PDF.  You said you have the



             9    paper copies of many of these documents as



            10    well in front of you, so you can look at



            11    either one.  They should be all identical,



            12    but just for the record, we'll be using the



            13    electronic versions for all citations.



            14         A.    Okay.



            15         Q.    So it sounds like you've been



            16    deposed before.  About how many times have



            17    you been deposed?



            18         A.    A few times.  I don't remember



            19    exactly.



            20         Q.    Can you give me just a



            21    ballpark?  More than ten?



            22         A.    No, no, it's long time ago.  So



            23    probably -- I could not remember how many



            24    times.  Maybe two times, three times,



            25    something.
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             1         Q.    But you said it's been a while?



             2         A.    Yes.  It's been a while, yes.



             3         Q.    And if you recall, do you know



             4    what kind of cases those were?  Were they



             5    patent infringement cases or something



             6    different?



             7         A.    It's not about IPR.



             8         Q.    So since it's been a while, I'm



             9    just going to go briefly through some of



            10    the guidelines for the deposition today.



            11               As you know, we have a court



            12    reporter here so we want to make sure we



            13    speak slowly and clearly so that she can



            14    keep a clean record of everything that we



            15    say today.  Do you understand?



            16         A.    Yes.



            17         Q.    And because of that, let's also



            18    try and keep all of our answers verbal.  So



            19    avoid shaking your head or nodding or any



            20    other sort of hand gestures that won't show



            21    up in a written transcript.  Okay?



            22         A.    Yes.



            23         Q.    So the format today will be



            24    fairly straightforward.  I will ask you



            25    questions and you'll provide an answer.  If
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             1    a question that I ask is confusing or,



             2    because we're doing this remotely, if you



             3    just don't hear it because of a connection



             4    issue, please ask me to say it again or to



             5    rephrase it and I'll be happy to do so,



             6    okay?



             7         A.    Okay.



             8         Q.    But if I ask you a question and



             9    you do answer, I'm going to assume that you



            10    understood it and you fully heard it, okay?



            11         A.    All right.



            12         Q.    After I ask a question your



            13    attorney may object from time to time.



            14    Unless your attorney objects for privilege,



            15    you will still need to answer the question



            16    despite the objection, okay?



            17         A.    Right.



            18         Q.    And we'll try and take a break



            19    about every hour or so.  I'll try and keep



            20    an eye on the clock, but if you need to



            21    take a break at any time, just let me know,



            22    be happy to stop for ten minutes or so for



            23    a break.



            24               And I'm going to try not to



            25    keep you here all day, like I said before
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             1    we jumped on the record.  So I'm happy to



             2    take a break at any time, okay?



             3         A.    Okay.



             4         Q.    Is there any reason that you



             5    can't testify truthfully and accurately



             6    today?



             7         A.    No.



             8         Q.    What did you do to prepare for



             9    today's deposition?



            10         A.    What do I do?



            11               DR. MOULDER:  I'll just caution



            12          you not to reveal any attorney-client



            13          communications.



            14         A.    I reviewed all the exhibition,



            15    review all the documents available to me



            16    relevant to this deposition.



            17         Q.    And about how long did you



            18    spend preparing for this?  In hours.



            19         A.    I did not -- actually, probably



            20    ten hours, something more than that, maybe



            21    less than that.



            22         Q.    And besides counsel, did you



            23    meet with anyone else in preparing for the



            24    deposition today?



            25         A.    No.
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             1         Q.    Anyone from the petitioner,



             2    OnePlus?



             3         A.    No.



             4         Q.    When were you first retained to



             5    work on this IPR proceeding?



             6         A.    I don't remember the exact



             7    date.  Probably the beginning of the year



             8    or maybe -- sometime in the first half of



             9    the year.



            10         Q.    Have you done any work for



            11    OnePlus before working on this IPR



            12    proceeding?



            13         A.    No.



            14         Q.    Before this had you heard of



            15    OnePlus?  Before this proceeding.



            16         A.    Yes, I heard of them.  They are



            17    one of the cellphone manufacturers.



            18         Q.    Had you heard of the Pantech



            19    Corporation?



            20         A.    No.  Not before this one.



            21               (Whereupon, CV of Dr. Lo was



            22          marked as Lo Exhibit 1 for



            23          identification as of this date by the



            24          Reporter.)



            25         Q.    I just dropped a document into
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             1    the chat.  Do you see it?



             2         A.    Yes.



             3         Q.    Go ahead and open that and let



             4    me know once you've got it open on your



             5    computer.



             6         A.    All right, okay, I see it.



             7         Q.    I'll represent to you this is a



             8    copy of your CV that you submitted along



             9    with your declaration, which has been



            10    previously marked in this case as Exhibit



            11    1004.



            12               Does this, to the best of your



            13    recollection, look like a true and accurate



            14    copy of your CV?



            15         A.    Yes.



            16         Q.    Let's take a look at the second



            17    page which starts with the header



            18    "Employment history."  Do you see that?



            19         A.    Yes.



            20         Q.    So the first entry of



            21    employment history appears to be the



            22    current one, it states "free-lance wireless



            23    technology consultant."  Do you see that?



            24         A.    Yes.



            25         Q.    So is that your current
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             1    position?



             2         A.    Yes.



             3         Q.    And is the free-lance wireless



             4    technology consultant, is that part of a



             5    company that you formed?



             6         A.    No.  It's just a very generic



             7    title.  It means I work for -- if I -- for



             8    clients on my own.



             9         Q.    Is there a company associated



            10    or a corporation that you formed as part of



            11    your work as a consultant?



            12         A.    I have an LLC as a business.



            13         Q.    What's the name of that LLC?



            14         A.    It's S-O-L-U-T-T-I, LLC.



            15         Q.    Solutti?



            16         A.    Yes.



            17         Q.    And you've had this LLC since



            18    January of 2014, is that right?



            19         A.    I don't remember the exact



            20    year.  Maybe earlier or maybe later, I have



            21    to check.  I don't have that on top of my



            22    head.



            23         Q.    Okay, I'm using the date on



            24    your CV as a basis for the January 2014



            25    date, but is it fair to say that you've
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             1    been acting as a free-lance consultant



             2    since January of 2014?  Is that correct?



             3         A.    Yes.



             4         Q.    What's been the nature of your



             5    consulting?



             6         A.    Basically provide my clients



             7    with wireless technology background,



             8    provide the ecosystem background, provide



             9    technology development, provide



            10    technology -- the state of the technology.



            11    So it depends on the clients' needs.  So



            12    sometimes they need to understand the



            13    technology background, sometimes they need



            14    to understand the ecosystem, sometimes they



            15    need to understand the technology



            16    development and sometimes regarding some



            17    technology guidance, and sometimes



            18    understand the market itself, the



            19    technology market itself.



            20               So it depends on their need.



            21    So basically around wireless technology.



            22         Q.    Without giving me any specific



            23    names, in general, who are your clients?



            24    Are they corporations needing assistance



            25    with industry?
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             1         A.    Yes, some -- okay, some are



             2    technology company, some are law firms



             3    dealing with patents, sometimes investment



             4    entity for buying IPs or selling IPs.  And



             5    some are startup companies looking at the



             6    technology itself and see what type of --



             7    what are on the market and what are the



             8    directions.



             9         Q.    Has your consulting focused on



            10    the IP aspects of wireless technology?



            11         A.    Depends on what you mean by



            12    "focus."  So yes, a large portion is on IP.



            13    But also a large portion on technology



            14    itself.



            15         Q.    So have you served as an expert



            16    witness as part of your consulting?



            17         A.    Yes.



            18         Q.    Is that frequently part of your



            19    consulting duties?



            20         A.    Well, as you heard, I talk



            21    about -- you asked about a deposition.



            22    This is one I didn't -- I haven't been



            23    doing it for a long time, so it's not often



            24    as a witness.



            25         Q.    You mentioned that some of your
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             1    clients are law firms where you're doing



             2    work related to patents.



             3               When you're not serving as an



             4    expert witness, what kind of services are



             5    you performing for those clients?



             6         A.    The last corporation, they hold



             7    a huge portfolio and they would hire a law



             8    firm to use inventory and show what are



             9    useful, what are not.  So when they hire



            10    law firm, a law firm may consult with me



            11    how to provide some background in terms of



            12    the market, provide what technologies



            13    are -- in terms of the portfolio, which



            14    part are more available, which part are not



            15    based on the -- where the technology used,



            16    in which sector, which area.



            17         Q.    Okay, thank you.



            18               Now, you mentioned wireless



            19    technology several times speaking about



            20    your consulting experience.  Were you often



            21    involved in 3GPP specifications as part of



            22    your consulting?



            23         A.    Yes.



            24         Q.    Just generally, what areas of



            25    3GPP do you have experience in?
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             1         A.    When you say "area," can you be



             2    more specific?  Like in terms of



             3    technology, using in application?  Or are



             4    you talking about the technology itself,



             5    are you talking about something else?



             6         Q.    Well, really I guess both, so



             7    let me ask it a different way.



             8               So in 3GPP, oftentimes



             9    specifications are based on different



            10    layers, right?



            11         A.    Okay, mm-hmm.



            12         Q.    So generally, do you have



            13    experience -- which layers of 3GPP do you



            14    have experience in?



            15         A.    I have been study -- or work



            16    with 3GPP LTE for long time.  So I have



            17    been deal with the physical layer, the MAC



            18    layer, the RLC layer, the PDCP layer, the



            19    RRC layer, application layer.  So that is



            20    pretty much of the LTE of 4G/5G



            21    specifications.



            22         Q.    Have you ever participated in



            23    any of the 3GPP meetings?



            24         A.    No, I have not participated in



            25    any 3GPP meetings or any standard-setting
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             1    bodies' meetings regarding 3GPP technology.



             2         Q.    Have you ever consulted with a



             3    company for the purpose of contributing to



             4    these 3GPP meetings or standard-setting



             5    functions?



             6         A.    No, I don't think so.



             7         Q.    So have you ever worked in the



             8    industry where you were actually the one



             9    hands-on implementing wireless technology?



            10         A.    Yes.



            11         Q.    And was that LTE-based or



            12    3G/5G?



            13         A.    It's 4G technology.



            14         Q.    And looking at your CV here,



            15    what company were you working for at that



            16    time?



            17         A.    Okay, if I look at my CV, the



            18    first one is the Waltical Solutions.



            19    That's from 2003 to 2005.  And the second



            20    one is Neocific Corporation from 2005 to



            21    2013.  Actually, I think the early on, AT&T



            22    Wireless, we -- okay, so we have implement



            23    some technology related to 4G.



            24         Q.    Let's just briefly go through



            25    each of those then, so starting I guess
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             1    oldest to most recent.  For AT&T Wireless,



             2    what was the nature of your experience



             3    there implementing I believe you said 4G?



             4         A.    Yes, I was system engineer at



             5    the time.  We developed the first



             6    commercial OFDM system.  That was deployed



             7    in -- commercially deployed in couple



             8    cities by AT&T Wireless.  Actually, you may



             9    know OFDM is the core technology of 4G and



            10    5G.



            11         Q.    Just for the record, will you



            12    say what OFDM stands for?



            13         A.    OFDMA is orthogonal frequency



            14    division multiple access.



            15         Q.    Thank you.  I was not trying to



            16    put you on the spot with a test.



            17         A.    Luckily I remember this, but I



            18    don't remember all the acronyms.



            19         Q.    That's okay, there's a lot of



            20    them.



            21               So moving on to your next job



            22    after that was NextComm, correct?



            23         A.    Yes.



            24         Q.    What kind of wireless



            25    technology were you implementing at that
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             1    time?



             2         A.    At the time it is the early



             3    stage of WiFi development.  And so that was



             4    the beginning of WiFi, and at the time it's



             5    called wireless local area, LAN -- area



             6    networks.  And we designed and developed a



             7    WiFi chip set, so the silicon chips that



             8    perform transmission/receiving WiFi



             9    signals, the IEEE A02.11 A and C standards



            10    or specifications by the chip set.



            11         Q.    Did you do any work with LTE or



            12    any 3GPP related technologies while you



            13    were at NextComm?



            14         A.    No.  The company focused on



            15    WiFi or wireless LAN technology.  And at



            16    the time there's no LTE, there's no 4G.  So



            17    probably at the beginning of WCMA,



            18    something like that.



            19         Q.    Okay, then moving on to



            20    Waltical, is that how you say it?



            21         A.    Yes, Waltical.



            22         Q.    While you were at Waltical,



            23    what were your responsibilities there?



            24         A.    I was in charge of systems



            25    engineering, the entire engineering team.
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             1    We developed 4G technology.  That's very



             2    early on.  There's no LTE at the time.  But



             3    we -- at the time we saw 3G WCMA -- or the



             4    CDMA 1 made by Qualcomm or WCMA by the



             5    European standard, they did not meet --



             6    they would not meet the future need of the



             7    market.  So we were thinking at the time we



             8    should have new technology to meet the need



             9    of the market, so we designed and actually



            10    have built prototype to demonstrate 4G



            11    technology.



            12         Q.    What were you trying to



            13    demonstrate with 4G?



            14         A.    Well, it demonstrate the speed.



            15    In terms of data rate, it demonstrate the



            16    multiple access technology itself based on



            17    packet data, and it demonstrate the



            18    capacity.  It demonstrate the coverage.  So



            19    this new system that will provide the need



            20    of the market in the future.



            21         Q.    Now, looking at your -- the



            22    next job after that was Neocific, correct?



            23         A.    Yes.



            24         Q.    So what were your



            25    responsibilities at Neocific?
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             1         A.    Neocific is -- was focused on



             2    the development of silicon chip.  And at



             3    the time the company was looking to develop



             4    the chip set to implement 4G technology.



             5    So I was leading the engineering team to --



             6    for this effort.



             7         Q.    Your CV mentions that you are



             8    also managing the development and



             9    maintenance of intellectual property



            10    portfolio.  Can you tell me a little bit



            11    about that?



            12         A.    Yes.  When you develop 4G



            13    technology, we -- as a startup it's very



            14    common to develop patents or file patents



            15    to protect the technology.  So we filed



            16    quite a few number of patents regarding the



            17    technology itself.



            18               So I have to manage that



            19    because you have to deal with the law



            20    firms; we filed patents and hired the law



            21    firm to manage that and writing the patents



            22    and write the claims.  And also we have to



            23    pay -- maintain the patents and you pay



            24    fees and that kind of thing.  So we have



            25    to -- so that's what I meant by
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             1    "management."



             2         Q.    Your CV also mentions that you



             3    provided consulting -- or that as part of



             4    Neocific, you provided consulting services



             5    to clients with analysis and evaluation of



             6    wireless technology, IP portfolios.  Can



             7    you tell me a little bit about that as



             8    well?



             9               If it helps, I'm looking on



            10    page 2 of your CV.



            11         A.    I don't remember what did we do



            12    at the time.  At the time this big



            13    corporation came to us if the wireless



            14    technology portfolio is useful or not.  So



            15    that is one of the consulting activity we



            16    have.



            17         Q.    So at Neocific, other companies



            18    would come to you, to Neocific, and ask you



            19    to evaluate their patent portfolios.  Am I



            20    understanding you correctly?



            21         A.    Yes, okay, let me provide a



            22    little bit background.



            23               Now, the startup is from 2005.



            24    So we worked and then we find fundings --



            25    we tried to find funding and then we
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             1    actually talked to VC at the time and



             2    almost get the money at the time.  But then



             3    2008, the financial crisis, everything fell



             4    out.



             5               And so basically the company



             6    fall back to a survival mode, so we



             7    actually laid off substantial number of



             8    employees.  So we just retained the core



             9    employees and then we switched to a



            10    consulting mode.  And that's how we -- why



            11    we doing consulting later on, after the --



            12    sometime in 2009/2010.



            13         Q.    Okay.  So is it fair to say



            14    that around 2008, that was the last time



            15    you were doing sort of hands-on



            16    engineering, and then you switched to



            17    consulting as part of Neocific and then



            18    part of your own freelancing after that,



            19    from that point going forward, from around



            20    the 2008 point going forward?  Is that fair



            21    to say?



            22         A.    Yes, you can -- okay, if you --



            23    it depends on what you mean by "hands on."



            24    If you say hands on by -- by "hands on" you



            25    mean coding, you mean soldering or you mean
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             1    that kind of things, or if you -- I'm



             2    doing -- my background is systems



             3    engineering.  Systems engineering is



             4    thinking about whole system.  By hands on,



             5    if that's what you mean -- that's what I



             6    mean.  By hands on, you're looking at the



             7    system, you think about the system, you



             8    think about the programs and what kind of



             9    solutions it should be.  So you don't stop



            10    at the level of soldering or coding.



            11               So even when you're doing



            12    consulting, you're still thinking about the



            13    system in terms of system engineering.  The



            14    client come to you and say okay, we have



            15    this problem, then you think the whole



            16    thing, right?  So I think about whole thing



            17    and say what was the problem, what should



            18    be the solution.  So that is hands on to



            19    me.



            20               So it's not like just start at



            21    the time.  Any consulting activity, that



            22    requires my hands-on activity.



            23         Q.    Okay, fair enough.



            24               When was the first time you



            25    began working with 3GPP specifically as
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             1    opposed to prior to the standards being



             2    established?



             3         A.    Let me clarify this.  So in



             4    terms of standard, you meant 3GPP standard?



             5         Q.    Yes.



             6         A.    Okay, the 3GPP standard



             7    actually -- it goes back to the 2G system,



             8    so CSM.  So and then you have the 3G



             9    system, that's CDMA, and so we did not



            10    actually directly deal with CSM or WCMA



            11    because I don't -- at the time we are not



            12    working on those things.



            13               So in the declaration I state



            14    that I started work on 4G in 2003.  And at



            15    the time the LTE standard, okay, the 4G



            16    standard was not actually existing yet.  So



            17    I was aware the LTE activity beginning 2005



            18    or 2006, in that time frame.  So as a



            19    practitioner you're aware of this kind of



            20    thing, and so when there's new activities,



            21    new standard activity started, we try to



            22    monitor it.



            23               So if by "monitor," I would say



            24    that is something we started to deal with



            25    LTE at the time.
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             1         Q.    So around 2005.



             2         A.    Yes, 2005 or 2006.  It depends



             3    on when the activity started.  So that's



             4    why I remember that time frame.



             5         Q.    Okay, thank you.



             6               I just added to the chat



             7    another document that we'll mark as Exhibit



             8    2.



             9               (Whereupon, Declaration of Dr.



            10          Lo was marked as Lo Exhibit 2 for



            11          identification as of this date by the



            12          Reporter.)



            13         Q.    Let me know once you have it



            14    open.



            15         A.    This is Exhibition 1003?



            16         Q.    1003, yes, that's right.



            17         A.    Okay.



            18         Q.    Do you recognize this document?



            19         A.    Yes.



            20         Q.    What is it?



            21         A.    My declaration.



            22         Q.    And if you jump to the last



            23    page of the PDF you should see a signature



            24    there.  Does that appear to be your



            25    signature?
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             1         A.    Yes, it is.



             2         Q.    So to the best of your



             3    understanding, this is a true and accurate



             4    copy of the declaration you submitted as



             5    part of this IPR proceeding, correct?



             6         A.    Correct.



             7         Q.    And does this declaration



             8    contain all of the opinions that you have



             9    prepared regarding the validity of U.S.



            10    Patent No. 10,863,573?



            11         A.    Yes.



            12         Q.    And if I just call this the



            13    '573 patent, will you know what I'm talking



            14    about?



            15         A.    Yes.



            16         Q.    Did you write this declaration



            17    yourself?



            18         A.    You mean all by myself?



            19         Q.    Yes.  Did you write it all by



            20    yourself or did you write it with the



            21    assistance of either someone else or with



            22    counsel for OnePlus?



            23         A.    Yes, it was a team effort.



            24    With my counsels.



            25         Q.    Can you on a high level
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             1    describe the drafting process for the



             2    declaration?



             3               DR. MOULDER:  I'll caution you



             4          just not to reveal attorney-client



             5          privilege.



             6         A.    We -- this is some time ago.



             7    We worked together.  I don't actually



             8    remember how or which is which.  So we all



             9    have contribute to this.  But the important



            10    thing is I agree all the statements here



            11    and this is my opinion.



            12         Q.    So it was a collaborative



            13    process, but ultimately you stand by all of



            14    the statements and opinions made in this



            15    declaration, correct?



            16         A.    Correct.



            17         Q.    About how many hours did you



            18    spend preparing the declaration?  To the



            19    best of your memory.  I know it's been a



            20    little while.



            21         A.    I really can't remember how



            22    many hours.  I will guess something in the



            23    ballpark of 100 hours, plus/minus 50 hours.



            24    Something like those.  I cannot give you an



            25    exact number.
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             1         Q.    So somewhere between 50 and 150



             2    hours?



             3         A.    Yes, something, yes.



             4         Q.    So let's talk a little bit



             5    about some of the opinions you have in



             6    here.  To start just on a high level,



             7    you're a very well-credentialed person.



             8    You've had quite a bit of experience.



             9    About what level education and experience



            10    do you think one would need to understand



            11    this technology that's in the '573 patent?



            12         A.    Are you talking about education



            13    level?



            14         Q.    Yes, education or education and



            15    experience.  What level of skill would



            16    someone need to have?



            17         A.    For this, in terms of articles,



            18    basically it's logic so it can -- so



            19    bachelor degree in terms of electrical



            20    engineering or computer engineering or



            21    computer science should be sufficient to



            22    understand the technology.



            23               And if somebody have two years



            24    or more experience, that is very good --



            25    the person should have a very good
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             1    understanding of the technology.



             2         Q.    And have you worked with people



             3    who have about this level of skill with a



             4    bachelor's in computer science or computer



             5    engineering and have a couple -- or at



             6    least call it two years or so of



             7    experience?



             8         A.    Yes.  I have worked with those



             9    people.



            10         Q.    And you would say that those



            11    people that you've worked with have the



            12    requisite skill level to be able to fully



            13    understand the technology that's at issue



            14    in the '573 patent?



            15         A.    Yes.  I would say that.



            16         Q.    And I realize I should have



            17    pointed this to you first, I wasn't trying



            18    to make you go off the top of your head.



            19    The paragraph we're talking about in your



            20    report, if you don't have it already in



            21    front of you, is the section that starts in



            22    paragraph 19, which has the heading "Level



            23    of ordinary skill in the art."



            24               One thing I wanted to ask you



            25    about, in paragraph 21 where you describe
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             1    basically exactly what you just talked to



             2    me about, you mention in the third to last



             3    line or so, second to last sentence where



             4    you say that, after giving the bachelor's



             5    degree, you say "and at least two years of



             6    practical experience working in the field,"



             7    you say that the field is video processing



             8    systems.  Do you see that?



             9         A.    Yes.  I don't know how the word



            10    "video processing" is there.  So it should



            11    not be there.  I think it's -- it is a



            12    typo.



            13         Q.    Ah, okay.  So just to be clear,



            14    someone does not need to have experience in



            15    video processing systems to meet the



            16    requisite level of skill in the art for the



            17    '573 patent in your opinion, correct?



            18         A.    No, no, it's not video



            19    processing.  I think the correct word would



            20    be "wireless communication system" or



            21    "telecommunication system."



            22         Q.    Thank you.  Thank you for



            23    clarifying that.



            24               So I'm adding another document



            25    that -- keep your declaration open but you
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             1    can also pull up what I just added, which



             2    we'll mark as Exhibit 3.



             3               (Whereupon, '573 Patent was



             4          marked as Lo Exhibit 3 for



             5          identification as of this date by the



             6          Reporter.)



             7         Q.    This is a copy of the '573



             8    patent, which was designated as Exhibit



             9    1001 in the IPR.



            10               Let me know once you have it



            11    open.



            12         A.    Okay, all right.



            13         Q.    Generally, what is your



            14    understanding of what the '573 patent is



            15    describing?



            16         A.    Basically this patent states



            17    the problem of -- a common problem



            18    encountered in multi-flow operation in LTE.



            19    And when you have dual connectivity, you're



            20    trying to do multi-flow (inaudible) and



            21    when you receive the data unit, often it



            22    could be out of order because there is a



            23    difference in terms of propagation or



            24    processing timing.



            25               So when you encounter the
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             1    out-of-order data unit, you need to reorder



             2    them.  But often when you don't receive the



             3    data unit that is missing, so that will



             4    block the whole receiving processing.



             5               In order to resolve that, this



             6    patent proposes using a timer to -- as a



             7    solution to the problem.  That is the



             8    purpose of this patent.



             9         Q.    In a multi-flow system like



            10    this, why do you receive packets -- or why



            11    would an entity such as the UE receive



            12    packets out of order?



            13         A.    Okay, actually, I talk about



            14    this in the declaration.  So I believe I



            15    summarize the problem in the section of



            16    "technical background."



            17               Basically you have -- in the



            18    multi-flow application there's a master



            19    base station and there's a secondary base



            20    station.  And so the mobile device or the



            21    user equipment will connect with the two



            22    base stations to receive data.  But since



            23    the distance from the -- between the master



            24    and the secondary are different, so either



            25    you will -- there's no guarantee you
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             1    receive the units, the data units in order.



             2    And so that is how this phenomenon often



             3    occur.



             4               And then also you have the



             5    processing time.  The master unit -- master



             6    base station will connect to the network,



             7    okay, and the data is from the network



             8    itself.  And then the master base station



             9    will distribute some of the data unit to



            10    the secondary base station to transmit.  So



            11    often you don't -- in that process also



            12    create some -- it's the cause of



            13    out-of-order reception.



            14               So that is the -- as I said,



            15    there's two problems:  Propagation time



            16    difference and also processing time



            17    difference.  So that's how you encounter



            18    the out-of-order data unit reception.



            19         Q.    It's been about an hour.  Maybe



            20    now is a good time to take maybe a



            21    ten-minute break if that's all right with



            22    the two of you.



            23               DR. MOULDER:  Yup.



            24         A.    Okay, fine.



            25         Q.    Want to come back, I guess my
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             1    time it's 1:10, so I guess it would be



             2    10:10 a.m.



             3               (Whereupon, a short recess was



             4          taken.)



             5    BY MR. STANFORD:



             6         Q.    Before we took our break we



             7    were talking about generally what the '573



             8    patent is talking about for the problem and



             9    solution.



            10               I'd now like to jump to the



            11    claims.  And let's start with claim 1 which



            12    starts on column 18.  I guess it starts at



            13    the very bottom of column 17, but let's



            14    look at the first limitation after the



            15    preamble, which is starting on line 4 of



            16    column 18.  Do you see that?



            17         A.    Yes.



            18         Q.    So this is the claim element,



            19    it says, "Receiving packet data convergence



            20    protocol, PDCP, packet data units, PDUs,



            21    through the macro base station and the



            22    small base station."  Do you see that?



            23         A.    Yes.



            24         Q.    What is your understanding of



            25    this claim element?
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             1               DR. MOULDER:  Objection; form.



             2         A.    To me it's very generic



             3    statement of the reception from two base



             4    stations.  Because the PDCP packet data is



             5    the data you receive.



             6         Q.    What is your understanding of



             7    the PDCP, the packet data convergence



             8    protocol?



             9         A.    The PDCP data is the data



            10    handled at the PDCP layer.  So that handles



            11    encryption.



            12               So if you go to my declaration,



            13    paragraph 71, paragraph 71, "The user plane



            14    is responsible for transmitting user data,



            15    such as voice, video and internet traffic



            16    between the UE and the RAN," that's the



            17    radio access network.  "Its protocol stack



            18    includes multiple layers:  The PDCP, data



            19    packet convergence protocol, ensures



            20    in-sequence delivery of upper layer



            21    protocol of data units, handles



            22    encryption/decryption, or



            23    ciphering/deciphering, header



            24    compression/decompression, and robust



            25    header compression, and duplicate detection
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             1    of lower layer service data and



             2    transmissions of PDCP SDUs at hand-over,



             3    and reordering.  It acts as an interface



             4    between the IP layer and lower layers,



             5    facilitating convergence of data from



             6    different sources."



             7               So basically, that layer, these



             8    this type of things are handled at that



             9    layer.  Now, when the receiver -- logically



            10    the transmitter transmits the PDCP data and



            11    at the receiver, you receive this at the



            12    receiver unit.



            13               So basically, that limitation



            14    is very generic to me.  Basically what it



            15    says is the receiver receives the data



            16    units from the macro and the small base



            17    stations.



            18         Q.    What's the difference between a



            19    PDU and SDU?



            20               DR. MOULDER:  Objection to



            21          form.



            22         A.    Okay, I think I talk about that



            23    in my declaration in the background.  So if



            24    you go to paragraph 74, "In transmission



            25    from the eNB, data flows from the PDCP
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             1    layer down through each protocol layers,



             2    with each layer adding its own headers and



             3    control information.  This process



             4    continues until the data reaches the



             5    physical layer where it is transmitted over



             6    the medium.  In reception by the UE, data



             7    flows in reverse, starting at the physical



             8    layer and moving up through each layer,



             9    with each layer removing its corresponding



            10    headers and control information until the



            11    data reaches PDCP layer, depending on if



            12    the data is being received or sent,



            13    respectively."



            14               So "each layer interacts with



            15    its adjacent layers using service data



            16    units and protocol data units.  When data



            17    is passing through -- between layers, the



            18    sending layer refers to it as SDU, while



            19    the receiving layer treats it as PDU.  So



            20    each layer processes the PDU according to



            21    its specific functionality and then sends



            22    the processed data unit as SDU to the next



            23    adjacent layer.  The process continues



            24    until the data reaches either uppermost or



            25    lowermost layer."
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             1               So that's how the SDU and PDU



             2    defined in this convention.



             3         Q.    Yes, I did see those paragraphs



             4    in your declaration.  Just to confirm then,



             5    in your mind a PDU and SDU are different



             6    units, correct?



             7               DR. MOULDER:  Objection to



             8          form.



             9         A.    I don't interpret it that way.



            10    Basically, the difference is the control



            11    information and the header between the two.



            12         Q.    And what is the difference in



            13    the control information?



            14         A.    Control information depends on



            15    layer.  So say, for example, the PDCP data



            16    unit, there's control information regarding



            17    the PDCP added to the actual data itself.



            18    And also the header also added to the data



            19    unit itself.



            20               So the data are the same.  The



            21    difference is just the control information.



            22         Q.    And you said the other



            23    difference was the header, correct?



            24         A.    Yes, the header.  Well, I guess



            25    depends how you -- okay, sometimes the
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             1    header would be the -- you can also say



             2    that's the control information.



             3         Q.    So are you saying in your



             4    opinion, the header is the same as the



             5    control information?



             6         A.    Well, okay, I would say it's a



             7    different thing.  But the header also can



             8    be control.  So basically it doesn't matter



             9    if you distinguish the header and control



            10    information.  The difference of the two is



            11    just the additional information for the



            12    control functionality purposes.  How you



            13    distinguish whatever the control



            14    information, that's not important in this



            15    context.



            16         Q.    Sorry, I just want to make sure



            17    I'm understanding what you just said.  Are



            18    you saying that the difference between the



            19    header information and the control



            20    information doesn't matter?



            21         A.    No, I did not say that.



            22         Q.    Can you please re-explain what



            23    you were testifying about the differences



            24    between the header information and the



            25    control information?  I may have
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             1    misunderstood you.



             2         A.    What I'm saying is between the



             3    SDU and the PDU, it's just additional



             4    control information.  Right?  So it's not



             5    important in this context to say whether



             6    you classify header as the control



             7    information or the whole thing is just



             8    control information, that's not important



             9    here.  The important thing is the data, SDU



            10    and PDU essentially, those data are the



            11    same.  The difference between PDU and SDU



            12    is just additional control information.



            13         Q.    When you say "in this context,"



            14    what do you mean?



            15         A.    You asking me whether -- the



            16    difference between PDU and SDU in this



            17    context.



            18         Q.    Yes, what do you mean when you



            19    say "in this context"?  Are you referring



            20    to the '573 patent?



            21         A.    Okay, let's back up.



            22               You asking the question the



            23    difference between SDU and PDU.  I assume



            24    you refer to this patent, the '573 patent.



            25    Is that correct?
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             1         Q.    I was initially asking



             2    generally, not specifically to this patent.



             3    If I clarify and say -- let me ask the



             4    question a different way.



             5               In general, what is the



             6    difference between a PDU and a SDU?



             7         A.    In general, the difference just



             8    additional information between -- control



             9    information between PDU and SDU.  And so



            10    when you look -- it depends on which



            11    direction you're looking at.  So if you



            12    talk about receiving, then the PDU at the



            13    layer, at the receiving layer will have the



            14    control information.  And the SDU does not



            15    have the control information.



            16         Q.    Okay, and in what circumstance



            17    does the SDU have control information?



            18         A.    In the reverse direction.  So



            19    when I transmit, when the layer receives



            20    PDU and then the header -- or control



            21    information to the SDU -- PDU, sorry.  That



            22    would become SDU and send it to the lower



            23    layer.



            24               I know it's a little bit



            25    confusing.  So it depends on the direction
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             1    of the receiving and transmission.



             2         Q.    I understand.  Is there a



             3    difference between control information and



             4    header information when we were referring



             5    to PDUs and SDUs?



             6         A.    Well, if you really want to



             7    delve into it, yes, there's a header and



             8    there's control information.  So the



             9    header, for example, you will attach the



            10    sequential number regarding to the layer



            11    itself.  And then the control information



            12    will have some decryption or encryption



            13    information with it.  So that's for



            14    example, right?



            15               But the header and the control



            16    information here is for the control.  It's



            17    nothing to do with the data.  So if --



            18    depends how you want to work with.  So if



            19    you are concerned about control



            20    information, yes, you separate the header



            21    and the control information.  With the



            22    control information you have different



            23    field and put in different control



            24    information then.



            25               But if I only look at the data
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             1    unit itself, I have control information, I



             2    have the data itself.  Right?  So I just --



             3    so in that sense it doesn't matter whether



             4    you -- I care about the header is a



             5    different field in the control information



             6    because I don't deal with it because I



             7    treat it as control information and I just



             8    care about the data unit.  So it depends in



             9    general, in a sense.



            10         Q.    So in your opinion, each of



            11    these pieces of information is an



            12    information element or may comprise



            13    multiple information elements.  And -- I



            14    want to make sure I'm understanding.



            15               DR. MOULDER:  Objection to



            16          form.



            17         A.    Hold on.



            18         Q.    I didn't ask the question.  So



            19    let me start over because I haven't asked



            20    the question yet.



            21         A.    Okay --



            22         Q.    For the control information and



            23    the header information, does the control



            24    information and the header information



            25    include information elements?
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             1               DR. MOULDER:  Objection; form.



             2         A.    You are confused with the RRC



             3    control information.  So that's different



             4    thing.  So the PDU control information is



             5    different thing.  It's nothing to do with



             6    the RRC control information.  So control



             7    information regarding that -- okay, the



             8    PDU -- the control information is actually



             9    only to do with that PDU unit, okay?  It's



            10    nothing to do with the layer configuration.



            11    It's nothing to do with the RRC control



            12    message.



            13         Q.    So what I'm trying to



            14    understand is your opinion on the



            15    difference between the control information



            16    and the header information.  So you have



            17    stated that there aren't technically



            18    differences but that the -- again, this is



            19    what I'm trying to clarify, that the



            20    differences don't seem to matter in the



            21    context that we're discussing here today.



            22    So that's what I'm just trying to drill



            23    down on here.  So let me ask this.



            24               When I'm viewing the data, is



            25    there a way to tell whether or not
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             1    information is control information or



             2    whether or not data is header information?



             3               DR. MOULDER:  Objection; form.



             4         A.    Okay, would you provide a



             5    context here so that I can answer your



             6    question better?



             7         Q.    Yes.  You testified that header



             8    information is different than control



             9    information, is that correct?



            10               DR. MOULDER:  Objection; form.



            11         A.    Okay, I want you to clarify.



            12    When you say "control information," what



            13    are you referring to?



            14         Q.    This is your term from your



            15    explanation of the difference between a PDU



            16    and an SDU.  And I'm trying to understand



            17    your explanation of the distinction between



            18    the two.



            19               So let me ask you, when you say



            20    "control information" what do you mean?



            21         A.    In that sense the control



            22    information regarding to that particular



            23    data unit.  So it's nothing to do with RRC



            24    control information.  It's nothing to do



            25    with any other information, but it's only
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             1    regarding to that unit, data unit.  That's



             2    the control information.



             3               So for example, how many bits



             4    is that unit, how long it takes.  Those are



             5    the control information, only related to



             6    that data unit.



             7               And the header is the same



             8    thing.  The header will or may contain



             9    sequence number.  That sequence numbers



            10    only relate to that data unit.



            11               So it depends how you look at



            12    it, okay?  So you can say this is the



            13    header plus the other control information,



            14    it is control information regarding to that



            15    data unit.  Or you can separate, okay, is



            16    the header related to the data unit, and



            17    all the control information is also related



            18    to this data unit but it's very



            19    exclusively.  The data plus the control



            20    information are the overall information is



            21    related to this data unit.  It's nothing



            22    else.  It's nothing to do with RRC control



            23    information, it's nothing to do with any



            24    other information.



            25         Q.    Okay, thank you.
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             1               Let's move back to claim 1 of



             2    the '573 patent.  So we're looking at



             3    column 18.  Let's look at the claim element



             4    that starts on line 9 of column 18, which I



             5    believe we've referred to, element 1-C that



             6    begins with "receiving from the macro base



             7    station information related to an



             8    in-sequence timer for the PDCP SDUs through



             9    a radio resource control (RRC) message."



            10    Do you see that?



            11         A.    Yes.



            12         Q.    And if I refer to this as



            13    element 1-C, will you know what I'm talking



            14    about?



            15         A.    Yes.  Okay, I don't want to



            16    confuse myself.  Element 1-C is consistent



            17    with my declaration?  Or are they



            18    different?



            19         Q.    I believe that should be



            20    consistent, but we can -- let me point you



            21    to the paragraph.



            22               So if you'll look just before



            23    paragraph 139 on page 78 of your



            24    declaration, so 1-C is the claim element I



            25    just read to you that starts with
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             1    "receiving from a macro base station.



             2         A.    Okay.



             3         Q.    What is your understanding of



             4    element 1-C in claim 1?



             5               DR. MOULDER:  Objection; form.



             6         A.    Can we break it down into



             7    different -- when you -- okay, when you say



             8    my understanding, that would be a lot of



             9    things there.  And so maybe you can make it



            10    more simpler, maybe you can break it down



            11    so I can address this limitation in a more



            12    easier way or more -- so I can better work.



            13         Q.    Yes, we can break it down.



            14    Let's start from the beginning of the claim



            15    element.  The first portion reads



            16    "receiving from the macro base station



            17    information related to an in-sequence



            18    timer."



            19               What is your understanding of



            20    this portion of element 1-C?



            21               DR. MOULDER:  Objection to



            22          form.



            23         A.    The plain meaning here, the



            24    receiver in this case, I think it's



            25    referring to the -- the UE here receive
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             1    information from the macro base station the



             2    information related to in-sequence timer.



             3    So I think it's plain and simple.



             4         Q.    And if we continue on just a



             5    few words more in element 1-C, it states



             6    that the in-sequence timer is for PDCP



             7    SDUs.  Do you see that?



             8         A.    Yes.



             9         Q.    What is your understanding of



            10    the claim element stating that the UE



            11    receives information related to the



            12    in-sequence timer for PDCP SDUs?



            13               DR. MOULDER:  Objection; form.



            14         A.    In this case you have to look



            15    at the preamble there.  So basically we are



            16    talking about dual connectivity, especially



            17    dealing with the multi-flow.  So the timer



            18    information for the PDCP SDU is regarding



            19    the scenario here.  So it's regarding the



            20    timer.  So the timer for reordering the PDU



            21    or SDU.



            22         Q.    In claim element 1-C we're



            23    talking about the timer for SDUs, correct?



            24         A.    Generally speaking, you --



            25    okay.  The SDU by strict sense is
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             1    already -- the sequence number is already



             2    stripped from the data unit.  It's the only



             3    PDU have the sequence number.  So, but in



             4    this sense, to anyone with -- or any POSITA



             5    who understand SDU or PDU, they are not



             6    distinct for here.



             7         Q.    In claim element 1-C, do you



             8    see the term "PDU"?



             9         A.    I don't see -- I see the PDU in



            10    the limitation.



            11         Q.    But do you see it in element



            12    1-C?



            13         A.    In the element 1-C I will



            14    understand the SDU is corresponding to the



            15    PDU of the previous.  Otherwise it doesn't



            16    make sense.



            17         Q.    I'm asking you if in element



            18    1-C you see the letters "PDU."



            19         A.    I don't see it.  So that's why



            20    I'm telling you it doesn't make sense if



            21    you interpret by itself.  So you have to



            22    understand the PDU has to corresponding to



            23    the SDU.  Otherwise it doesn't make sense



            24    because SDU by itself, it doesn't have the



            25    sequence number.
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             1         Q.    So in element 1-C the claim



             2    recites "receiving from the macro base



             3    station information related to an



             4    in-sequence timer for the PDCP SDUs,"



             5    correct?



             6         A.    Yes.



             7         Q.    So it's fair to say then, based



             8    on the words written on the page for



             9    element 1-C, that the in-sequence timer is



            10    for PDCP SDUs, correct?



            11               DR. MOULDER:  Objection; form.



            12         A.    Okay.  Can you -- literally,



            13    yes, okay, what you say is correct, but it



            14    doesn't make sense to me because I have to



            15    use -- consider the limitation.  Otherwise



            16    the whole limitation does not make



            17    technical sense.



            18         Q.    I'm not asking you to read it



            19    out of context.  I'm just asking a very



            20    straightforward question.  If when you look



            21    at element 1-C, you agree with me that the



            22    words on the page in element 1-C state that



            23    there's an in-sequence timer for PDCP SDUs,



            24    correct?



            25               DR. MOULDER:  Objection; form.
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             1         A.    Did you say just for PDCP SDU?



             2    That's what you're saying?



             3         Q.    I'm just asking you to confirm



             4    that element 1-C recites that the UE



             5    receives information related to a



             6    in-sequence timer for PDCP SDUs.



             7               DR. MOULDER:  Objection; form.



             8         A.    No, I think this limitation has



             9    to relate to the upper -- the previous



            10    limitation.  Basically, the timer receives



            11    information related to in-sequence timer



            12    for the PDU SDUs corresponding to the PDCP



            13    PDUs.  Because the previous limitation you



            14    kind of omit the modification.



            15         Q.    I'm unclear from your answer



            16    whether or not you were agreeing with me or



            17    not so I'll ask it one more time.



            18               In element 1-C, do you agree



            19    that the in-sequence timer is for PDCP



            20    SDUs?  Yes or no.



            21               DR. MOULDER:  Objection; form.



            22         A.    I agree with you if you



            23    consider the previous limitation.  Only if



            24    you consider the previous limitation.



            25         Q.    Fair enough.  So let's go take
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             1    a look at how the patent itself discusses



             2    this claim element.  Maybe that will help



             3    us both out here.



             4               If you would navigate to column



             5    13 of the '573 patent, and we'll look to



             6    the paragraph that starts on line 43.  The



             7    number looks like it got a little bit off



             8    on the patent, so I believe it's the



             9    paragraph that begins with "the PDCP



            10    sequence number (SN)."  Do you see that



            11    paragraph in column 13?



            12         A.    Yes.



            13         Q.    So I'd like to take a couple



            14    minutes to talk about this paragraph and



            15    actually the couple paragraphs that follow



            16    up to try to get an understanding -- or



            17    trying to get your understanding of what



            18    the in-sequence timer is in the context of



            19    the '573 patent.



            20               So if you'll just take a moment



            21    here, will you just go ahead and read to



            22    yourself this first paragraph that runs on



            23    column 13 that runs from line 43 to I



            24    believe it's 53, the end of that paragraph.



            25    Line 53.  Let me know when you're done.
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             1         A.    (The witness reviews the



             2    document.)



             3               Okay.



             4         Q.    Let's start with the first



             5    sentence.  In the first sentence, I believe



             6    it would be the third line of the paragraph



             7    or so, it states that "if the PDCP SN of



             8    the PDCP SDU is not sequential," and then



             9    it gives a parenthetical that says "that



            10    is, when the SN," and it's my understanding



            11    earlier in this paragraph SN refers to



            12    sequence number, "when the SN prior to the



            13    PDCP SN of the PDCP SDU is missed, an



            14    in-sequence timer for the PDCP SDU is



            15    driven."  Do you see that?



            16         A.    Yes.



            17         Q.    So is it fair to say that we're



            18    talking about -- this paragraph is



            19    describing that the in-sequence timer for



            20    the PDCP SDU is driven if there is a missed



            21    SDU or a non-sequential SDU?



            22               DR. MOULDER:  Objection; form.



            23         A.    Can I ask a question?  Why do



            24    you skip the first sentence?



            25         Q.    I'm talking about the first
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             1    sentence.  I'm sorry if that was unclear.



             2    This is all within the first sentence of



             3    that paragraph starting on line 43.



             4         A.    Yes, but the first sentence



             5    says, "The SDU corresponding to the PDU,"



             6    right?



             7         Q.    We'll walk through it.



             8         A.    Okay.



             9         Q.    So the first sentence, if you'd



            10    like to start at the beginning, the first



            11    sentence says that "the PDCP sequence



            12    number (SN) of the PDCP SDU corresponding



            13    to the PDP PDU received" from the entity is



            14    confirmed.



            15         A.    Yes.



            16         Q.    And if it's all right with you,



            17    I'll skip saying PDCP because we have to



            18    say it so many times here.



            19         A.    Okay.



            20         Q.    If the sequence number, the SN



            21    of the SDU is not sequence (that is, when



            22    the sequence number SN prior to the SN of



            23    the SDU is missed), an in-sequence timer is



            24    driven.



            25         A.    Yes.
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             1         Q.    Okay, so is it fair to say that



             2    the in-sequence timer is driven based on an



             3    out-of-sequence SDU?



             4               DR. MOULDER:  Objection; form.



             5         A.    No, the premise is here in the



             6    first phrase of the sentence, the sequence



             7    number of the SDU corresponding to the PDU.



             8    That's very important there because the



             9    sequence number is -- resides in the PDU.



            10    So that's why it's important to realize the



            11    SDU corresponding to the PDU.  So basically



            12    the sequence number first is related to the



            13    PDU, and logically corresponding to the



            14    SDU.



            15               So in a sense, without the PDU



            16    it doesn't make sense, the whole thing.



            17    But with the PDU, then yes, everything --



            18    the POSITA will understand the SN is for



            19    PDU but logically it can tie to the SDU.



            20    Okay?



            21               So then the POSITA will



            22    understand, okay, when you mention SDU, it



            23    actually corresponding to the PDU.  So



            24    whether you -- okay, in the sense whether



            25    you're saying the SN for the SDU or PDU,
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             1    they are the same.  So -- and when you say



             2    the SDU is missing, it's actually the PDU



             3    also missing.  Right?  So if you swap



             4    everything in the PDU it makes sense, it



             5    makes perfect sense, okay?



             6               So in a sense, my opinion here



             7    is the SDU and PDU, the same thing here



             8    you're talking about.



             9         Q.    That was not my question.  My



            10    question is about the trigger for the



            11    in-sequence timer, when the in-sequence



            12    timer is to be driven.  Is it your



            13    understanding from the sentence we're



            14    reading starting on line 43 of column 13



            15    that when the sequence number of an SDU is



            16    confirmed and there is a non-sequence SDU,



            17    the in-sequence timer is driven?



            18               DR. MOULDER:  Objection; form.



            19         A.    You see, to a POSITA, the SDU



            20    or PDU -- whether SDU or the corresponding



            21    PDU they're missing, yes, the timer is



            22    driven.  So you insist it's only here it's



            23    SDU, but to a POSITA, they are the same,



            24    PDU and SDU.  That's my opinion here, okay?



            25               But if you insist, okay, only
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             1    SDU missing, the timer is driven, that's



             2    not correct.  I mean, that doesn't make



             3    sense at all.  But if you say okay, only



             4    from the surface of the meaning, yes, okay,



             5    that's what it says.



             6         Q.    So let's break down the first



             7    sentence.  Maybe that will help here.



             8               Do you agree that there are two



             9    conditions being laid out in this first



            10    sentence that relate to when the



            11    in-sequence timer is driven?



            12         A.    Okay, let me back up.  First of



            13    all, the condition is SDU, let's say --



            14    okay, the first condition, SDU



            15    corresponding to PDU.  So this is what we



            16    have, okay.  Basically SDU equals PDU in



            17    logical sense.  Right?



            18         Q.    Before we get to that, let's



            19    just start at a baseline.  We agree that



            20    there are two conditions here.  Regardless



            21    of what they are, let's just agree that



            22    there are two --



            23         A.    Yes, let's say, yes.



            24         Q.    Now let's start with the first



            25    one.
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             1         A.    Okay.



             2         Q.    The first condition being, I'm



             3    just going to read the text off here to



             4    make sure we're talking about the same



             5    portion of the patent since we're not in



             6    the room together.  The first condition



             7    would be based on the language in the



             8    patent that says, "The PDCP sequence number



             9    (SN) of the PDCP SDU corresponding to the



            10    PDCP PDU received in the PDCP entity is



            11    confirmed."



            12               Can we agree that that is what



            13    we'll call it the first condition?



            14         A.    Mm-hmm.



            15         Q.    Okay.  And can then can we



            16    agree that the second condition is, based



            17    on the text here, I'll read it again, "If



            18    the PDCP SN of the PDCP SDU is not



            19    sequential (that is, when the SN prior to



            20    the PDCP SN of the PDCP SDU is missed),"



            21    that would be the second condition.  And



            22    the remainder of that sentence provides



            23    that the in-sequence timer is driven.  Can



            24    we agree on that?



            25               DR. MOULDER:  Objection; form.
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             1         A.    Agree on what?



             2         Q.    Those are the two conditions we



             3    are going to talk about.



             4         A.    Yes.



             5               DR. MOULDER:  Objection; form.



             6         A.    Okay, you have A or B.  If A



             7    missing, timer is driven, right?  That is



             8    what it says, right?



             9         Q.    I didn't get to what they are



            10    yet.  I'm just trying to set a baseline for



            11    us to be able to talk about this in a



            12    logical manner.



            13         A.    Okay.



            14         Q.    So let's start with the first



            15    condition here.



            16         A.    Mm-hmm.



            17         Q.    This is what we just spoke



            18    about, which is the first portion of the



            19    first sentence here.  It runs from lines 43



            20    to 45 of column 13.



            21         A.    All right.



            22         Q.    Is it your understanding that



            23    this portion of the first sentence is



            24    saying that the sequence number of the SDU,



            25    which corresponds to the PDU, received from
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             1    the PDCP entity needs to be confirmed?



             2               DR. MOULDER:  Objection; form.



             3         A.    Okay, so this is a statement,



             4    right?  It's not a condition.



             5         Q.    Okay, fair enough.  So this



             6    statement is -- would you agree that this



             7    statement is saying that the sequence



             8    number of the SDU is confirmed?



             9         A.    To me there's two here.  So the



            10    first is the sequence number, and then the



            11    second is the PDU and SDU.  So the sequence



            12    number is for PDU and SDU.  So actually,



            13    there's no separation here.  SDU and PDU,



            14    they are the same.



            15               Okay, so what I'm saying here,



            16    to a POSITA, they have a technical



            17    background or the standard background, so



            18    basically when you mention this, PDU/SDU,



            19    the background is there.  So the SDU and



            20    PDU, they are the same regarding the



            21    sequence itself.



            22               So basically, the sequence



            23    number is confirmed for PDU or SDU.



            24    There's no difference there.  So that is



            25    the statement here.
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             1         Q.    Would you agree that the



             2    inventors of this patent had the technology



             3    background that you're referring to that a



             4    POSITA would have?



             5         A.    Yes.



             6               DR. MOULDER:  Objection; form.



             7         Q.    So then we look at the sentence



             8    which they wrote that says "the PDCP



             9    sequence number of the SDU corresponding to



            10    the PDU received by the PDCP entity is



            11    confirmed."  So as you said, this is a



            12    statement.  And do you agree that what this



            13    statement is saying is that the sequence



            14    number of the SDU is confirmed?



            15         A.    The sequence number is



            16    confirmed.  I agree.  But if you're



            17    assessing sequence number of the SDU is



            18    confirmed, that is not what it says here.



            19    The sequence number of SDU correspond --



            20    has to be corresponding to the PDU is



            21    confirmed.



            22         Q.    But the statement is still



            23    saying that it is the sequence number of



            24    the SDU.



            25         A.    Corresponding to the PDU.
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             1         Q.    Then it's confirmed, correct?



             2         A.    Yes, correct.



             3         Q.    Next in the sentence it states



             4    that "if the PDCP sequence number (SN) of



             5    the SDU is not sequential, an in-sequence



             6    timer for the PDCP SDU is driven," correct?



             7         A.    Correct.



             8         Q.    So would it be fair, as another



             9    way of saying that, that the in-sequence



            10    timer is driven upon detecting an



            11    out-of-sequence SDU?



            12               DR. MOULDER:  Objection; form.



            13         Q.    I'm just trying to get this



            14    into a little more digestible format



            15    because there's a lot of acronyms going on



            16    right now.  That's why I ask.



            17               Would it be a fair



            18    characterization of this portion in column



            19    13 of the '573 patent to say that the



            20    in-sequence timer is a timer that begins



            21    upon detection of an out-of-sequence SDU?



            22         A.    Yes.  This condition -- what



            23    this is saying is -- yes, this is what it



            24    says, but what I'm also saying is it's the



            25    same -- equivalent to PDU.  If PDU missing,
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             1    the timer is driven.  That's an equivalent



             2    operation because they are the same.  The



             3    PDU and SDU are the same.



             4         Q.    Okay.  And stepping away from



             5    the in-sequence timer aspect of this, in



             6    your mind, in the context of the '573



             7    patent, PDU and SDU are the same.  Am I



             8    understanding your testimony correctly?



             9               DR. MOULDER:  Objection; form.



            10         A.    Okay, one I know -- okay,



            11    you -- okay, so when you ask this question,



            12    are you talking about this paragraph or are



            13    you talking -- are you -- or in a general



            14    sense?



            15         Q.    I'm referring to within the



            16    context of the '573 patent.  When the '573



            17    patent refers to SDUs and PDUs, is it your



            18    testimony that they are interchangeable?



            19               DR. MOULDER:  Objection; form.



            20         A.    They are interchangeable in the



            21    sense that sequence number are for both.



            22    And in fact, only the PDU has the sequence



            23    attached to it, sequence number attached to



            24    it.  But they are correspond to each other.



            25    So if the SDU and -- one-to-one
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             1    corresponding between SDU and PDU.  As far



             2    as the data itself, the data unit, they are



             3    the same.



             4         Q.    I just want to make sure.



             5    We'll take a break here in a second.  I



             6    know we've run a little more than an hour.



             7    I just want to make sure before I move on



             8    that I'm understanding your position on the



             9    '573 patent.



            10               So let me just ask you a couple



            11    questions.  Maybe we'll try to make them



            12    really straightforward.  When we refer to



            13    the sequence number, is it your testimony



            14    that the sequence number of the SDU is the



            15    same sequence number of its corresponding



            16    PDU?



            17         A.    Strictly speaking, it is.  The



            18    sequence number resides in the PDU



            19    corresponding to the SDU.



            20         Q.    When the patent says "the



            21    sequence number of an SDU," do you



            22    understand what the patent -- the '573



            23    patent is stating?



            24         A.    Yes.  That's what I said.  So



            25    my understanding, okay, or a POSITA will
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             1    understand when it says the sequence number



             2    of SDU is actually the sequence number that



             3    resides in the PDU, which corresponds to



             4    the SDU.



             5         Q.    Okay.  And then putting



             6    sequence number aside, an SDU and a PDU are



             7    different from each other.  They are not



             8    synonymous terms, correct?  In the context



             9    of the '573 patent.  Correct?



            10               DR. MOULDER:  Objection; form.



            11         A.    Can you repeat the question



            12    so --



            13         Q.    Sure.  Sorry, I sort of split



            14    that up into two.



            15               In the context of the '573



            16    patent, a PDU and an SDU are not synonymous



            17    terms; they mean two separate data units,



            18    correct?



            19               DR. MOULDER:  Objection; form.



            20         A.    No.  They are the same.



            21         Q.    So does that mean it's your



            22    understanding that any time "SDU" is used



            23    in the patent, PDU could be interchanged



            24    for that same term?



            25         A.    How I -- I'm just thinking
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             1    about how I explain this.  You are speaking



             2    in the sense they are separate thing,



             3    right?  But it's not.  It's not my



             4    understanding.



             5               I give you a candy.  That's the



             6    PDU.  And then you unwrap it and you have



             7    the candy now.  That's your SDU.  They are



             8    not -- we are not talking about two



             9    different entities.  We are talking about



            10    the same entity.  It's just when I give you



            11    the candy there's a wrapper there.  Do you



            12    see what I mean here?



            13         Q.    I understand your analogy, yes,



            14    thank you.



            15         A.    Okay.



            16         Q.    So I just want to make sure



            17    because you said it multiple times now, I



            18    just want to make sure that it's clear.



            19               There is a difference -- is it



            20    your testimony that there is a difference



            21    between an SDU and a PDU?



            22         A.    Yes.  There's a difference



            23    there, okay?



            24         Q.    Okay.  That's all, thank you.



            25               MR. STANFORD:  We can take a
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             1          break now.  Thank you for going a



             2          little bit past the hour.  I



             3          appreciate it.  We can move on from



             4          this when we come back from the



             5          break.



             6               Let's take ten minutes.  2:40,



             7          or 11:40.



             8               (Whereupon, a short recess was



             9          taken.)



            10    BY MR. STANFORD:



            11         Q.    Okay, Dr. Lo.  Let's move on to



            12    talk about the grounds that you relied on



            13    in your declaration.



            14               So I'm uploading now what we'll



            15    mark as Exhibit 4.  Just go ahead and open



            16    that document.



            17               (Whereupon, Koskinen Reference



            18          was marked as Lo Exhibit 4 for



            19          identification as of this date by the



            20          Reporter.)



            21               MR. STANFORD:  For the record,



            22          this is U.S. Patent application



            23          publication number 2014/0301362,



            24          which was previously designated as



            25          Exhibit 1005.
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             1         A.    Okay.



             2         Q.    Do you recognize this



             3    reference?



             4         A.    Yes.



             5         Q.    Is this the, we'll call it the



             6    Koskinen reference that you relied upon in



             7    ground 1 of your declaration?



             8         A.    Yes.



             9         Q.    So if I refer to it as the



            10    Koskinen reference, will you know what I'm



            11    talking about?



            12         A.    Yes.



            13         Q.    So before we jump into the



            14    reference itself, I just wanted to take a



            15    look at a paragraph in your declaration.



            16    It's paragraph 128.



            17               This is a section about claim 1



            18    and about the preamble.  And in paragraph



            19    128 of your declaration, in the first line



            20    you refer to what you call "Koskinen 281



            21    (Exhibit 1008)."  Do you see that?



            22         A.    Yup.



            23         Q.    This is referring to a



            24    different reference than the Koskinen that



            25    we just marked as Exhibit 4, correct?
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             1         A.    Right.



             2         Q.    Are you relying on a



             3    combination of both Koskinen as we've just



             4    marked as Exhibit 4 and this Koskinen '281



             5    as part of your invalidity opinion?



             6               DR. MOULDER:  Objection; form.



             7         A.    I use this reference here just



             8    to illustration -- to illustrate more



             9    clearly to the application of multi -- dual



            10    connectivity and multi-flow.  So in this



            11    reference it's another way to look at the



            12    case of macro and pico base station when



            13    you receive the data -- it's just an



            14    illustration here.



            15               So I think the rest of the



            16    declaration, we don't rely on this.  This



            17    is only a way to give a clear picture of



            18    the multi-flow and dual connectivity.



            19         Q.    So Koskinen '281 is being used



            20    to supplement portions of your initial



            21    primary reference to Koskinen where it's



            22    unclear in there, for example, about



            23    multi-flow or dual connectivity; you are



            24    bringing in Koskinen '281 to supplement



            25    those teachings, is that correct?
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             1               DR. MOULDER:  Objection; form.



             2         A.    No, I'm not saying unclear.



             3    Koskinen is not connected.  I'm not saying



             4    that.  I'm saying I used this as another



             5    way to show it.  So probably for people to



             6    understand more.



             7               So basically, even Koskinen



             8    figure 1 on the declaration at page 72,



             9    that also illustrate the multi-flow case.



            10    So here it's just used to -- another way to



            11    look at it.  So that's the purpose here, to



            12    give a better picture.



            13         Q.    So how is Koskinen '281 helpful



            14    for, as you say, giving a better picture?



            15         A.    Okay, let me read 1.8.  "Also



            16    in related Koskinen 281, 281 figure 1 is



            17    related to dual connectivity in E-UTRAN and



            18    shows distributed radio link control and



            19    radio link control options.  Here, RLC PDUs



            20    are assigned by the macro eNB and a subset



            21    of the RLC PDUs are sent to pico eNB, as



            22    pictured in figure 1 of Koskinen '281.



            23    Accordingly, a POSITA would have recognized



            24    based on this that Koskinen eNB and LTE Hi



            25    AP are macro eNB and pico eNB, or similar
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             1    structure, and operate in the same manner."



             2               So that is the way we use it to



             3    illustrate the application here.



             4         Q.    I'm trying to understand if



             5    Koskinen '281 is supplementing something



             6    that is missing from the teachings of



             7    Koskinen or is being added in addition to



             8    what's in Koskinen to achieve element 1



             9    pre, which is the section that this is in.



            10               So my question for you is, in



            11    your opinion, in order for claim 1 pre to



            12    be taught by these references, do you need



            13    both Koskinen and Koskinen '281 in order to



            14    teach all the limitations of element 1 pre?



            15               DR. MOULDER:  Objection; form.



            16         A.    I think paragraph 128 is very



            17    clear.  So basically, based on this, a



            18    POSITA would have recognized based on this



            19    that Koskinen eNB and LP are macro and pico



            20    eNB and operate in the same manner.  So



            21    it's just for that purpose it's clear to



            22    me.



            23         Q.    In paragraph 128 when you say



            24    the phrase "a POSITA would recognize based



            25    on this," is "this" the explanation in the
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             1    preceding sentences about Koskinen '281?



             2         A.    Yes.  Including figure 1 there.



             3         Q.    So based on the teachings of



             4    Koskinen '281, a POSITA would be able to



             5    combine those with Koskinen's teachings to



             6    understand that the eNB and LTE Hi AP are a



             7    macro eNB and a pico eNB, correct?  That's



             8    what paragraph 128 is saying, correct?



             9               DR. MOULDER:  Objection; form.



            10         A.    The paragraph only say figure 1



            11    produced below.  So basically we're talking



            12    about figure 1 of Koskinen '281.



            13         Q.    Okay.  So combining that into



            14    Koskinen to teach the eNB and LTE Hi AP as



            15    macro eNBs and pico eNBs, right?



            16               DR. MOULDER:  Objection to



            17          form.



            18         A.    I'm not sure I agree what you



            19    characterize here because I only mention in



            20    this paragraph -- I only mention figure



            21    1-A.  So it's just like -- to me 128, the



            22    paragraph 128 is very clear.  And however



            23    one can interpret it I don't know, that's



            24    up to anybody to interpret whatever they



            25    want.  But to me this is my opinion.
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             1         Q.    All I'm trying to understand is



             2    when you say based on "this," what "this"



             3    is.  When you say "this" towards the end of



             4    paragraph 128 you mean figure 1 of Koskinen



             5    '281's teachings.



             6         A.    Yes, this is referring to the



             7    previous sentence.  And figure 1 is related



             8    to distributed radio link control and



             9    independent radio link control options.  So



            10    that is what it refers to.



            11         Q.    Let's switch over to Koskinen



            12    '281 which I marked as Exhibit 4/Exhibit



            13    1005 in the IPR proceeding.



            14         A.    Okay.



            15         Q.    What is your understanding of



            16    the invention that's being described in



            17    Koskinen?



            18               DR. MOULDER:  Objection; form.



            19         Q.    I apologize, Dr. Lo, before you



            20    answer that.



            21               MR. STANFORD:  Chris, I think



            22          your mic moved far away from your



            23          mouth.



            24               DR. MOULDER:  Let's take a



            25          break.
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             1               (Discussion off the record.)



             2         Q.    Dr. Lo, let me re-ask that



             3    question so we have a clean record here.



             4         A.    Okay.



             5         Q.    What is your understanding of



             6    the invention that's being described in



             7    Koskinen?



             8               DR. MOULDER:  Objection; form.



             9         A.    I think I summarize it in my



            10    declaration, paragraph 120.  Start from



            11    120.  So I can read through it.  That's my



            12    understanding.



            13         Q.    Okay, you don't need to read



            14    word for word what's in the declaration.



            15    I'm asking more generally, in your own



            16    words, what is Koskinen describing?



            17               DR. MOULDER:  Objection; form.



            18         A.    Okay, as I said, I summarize it



            19    pretty good there, okay?  If you want a



            20    shorter form, basically Koskinen provide



            21    the same solution as '573 to the same



            22    problem.



            23         Q.    Okay, so in your opinion, they



            24    are addressing the exact same problem in



            25    exactly the same way, they are identical.
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             1    Is that your testimony?



             2               DR. MOULDER:  Objection; form.



             3         A.    It provides the same solution



             4    to the same problem.



             5         Q.    Koskinen deals with reordering,



             6    the concept of reordering, correct?



             7         A.    Yes.



             8         Q.    And this reordering is



             9    implemented by an RLC entity, if I recall



            10    correctly.  Is that right?



            11               DR. MOULDER:  Objection; form.



            12         A.    Koskinen different solution,



            13    describe the operation, reordering in RLC



            14    and reordering a timer.  But he actually



            15    anticipates the use in the PDCP layer,



            16    basically basically you can just use the



            17    same method in the PDCP layer.  So that is



            18    the same solution to the same problem as



            19    the '573 patent.



            20         Q.    And when you're talking about



            21    Koskinen anticipating the use of reordering



            22    in the PDCP layer, where are you looking in



            23    the reference specifically?



            24         A.    Well, if you look at reference



            25    to Koskinen, figure 2.
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             1         Q.    Okay, I'm there.



             2         A.    So this is the algorithm when



             3    you observe a gap in the PDCP layer, a gap



             4    in PDU or SDU if you like, and you start a



             5    timer, okay?  And when the timer expire,



             6    then you deliver the SDU to upper layer.



             7    So clearly this is same operation and the



             8    same solution to the problem, to the same



             9    problem.



            10         Q.    So you're referring to the box



            11    labeled 310 at the top of figure 2 that



            12    says "observe gaps in the PDCP PDUs,"



            13    correct?



            14         A.    Yes.



            15         Q.    And then following the flow



            16    down through box 320 where it says start



            17    timer; 330, where it says the timer



            18    expires; and 340 where figure 2 says



            19    "prevent gap from blocking delivery of



            20    SDUs," correct?



            21               DR. MOULDER:  Object to form.



            22         A.    Right.  Yes, that's the



            23    algorithm I'm talking about.



            24         Q.    Let's talk a little bit about



            25    the timer that's being referred to here in
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             1    boxes that are labeled 320 and 330.  And to



             2    do that let's take a look at paragraphs 16



             3    and 17 of Koskinen.  Page 6 of the PDF.



             4         A.    Okay, paragraph 16?



             5         Q.    16 and 17, yes.  Do you see



             6    them?



             7         A.    Yup.



             8         Q.    In the fifth line of paragraph



             9    16 it references something called



            10    T-reordering.  Do you see that?



            11         A.    Yes.



            12         Q.    T stands for timer, correct?



            13         A.    Yes.



            14         Q.    So can we refer to this as a



            15    reordering timer?



            16         A.    Okay.



            17         Q.    Is that accurate, in your



            18    understanding?



            19         A.    Yes.



            20         Q.    And in paragraphs 16 and 17, in



            21    the first line of each paragraph it refers



            22    to 3GPPTS 36.322.  Do you see that?



            23         A.    Yes.



            24         Q.    Is T-reordering defined by this



            25    3GP specification 36.322?
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             1         A.    Yes.



             2               DR. MOULDER:  Object to form.



             3         Q.    And later on in Koskinen, when



             4    it refers to a reordering timer, is



             5    Koskinen referring to this T-reordering



             6    that's defined by TS 36.322?



             7               DR. MOULDER:  Objection; form.



             8         A.    It depends on the context



             9    you're talking about.  So --



            10         Q.    Okay, let's put it into some



            11    context then.



            12               Let's go to paragraph 37 --



            13    excuse me, 38.  Never mind, 37.  That's the



            14    bottom of page 2 of the patent, or page 7



            15    of the PDF.  Paragraph 37.



            16         A.    37, right.



            17         Q.    37, the first line says, "For



            18    example, certain embodiments utilize a



            19    timer such as a reordering timer as shown



            20    in figure 2."



            21               Is this reordering timer



            22    referred to in paragraph 37 the same as the



            23    T-reordering defined by TS 36.322



            24    referenced in paragraphs 16 and 17?



            25               DR. MOULDER:  Objection; form.
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             1         A.    In a sense, okay -- well, to a



             2    POSITA, 36.322 is regarding the operation



             3    of RLC.  And here, based on the figure 2,



             4    it's talking about a PDCP and TT.  So it



             5    would not be the same thing.  Here what I'm



             6    saying is people -- a POSITA would



             7    recognize this reordering timing is on a



             8    PDCP layer.



             9         Q.    So it's different from the



            10    T-reordering timer?



            11         A.    Yes.  It's different from the



            12    specific timer you're talking about.



            13         Q.    That's helpful.  I just want to



            14    make sure we're talking about the same



            15    timer when we're reading Koskinen.



            16               So now in Koskinen talking



            17    about the reordering timer in paragraph 37,



            18    it also refers to it in a few other



            19    paragraphs that follow; 38 through I



            20    believe 39, each refer to a reordering



            21    timer.



            22               What is your understanding of



            23    the meaning of this reordering timer?



            24               DR. MOULDER:  Objection; form.



            25         A.    You are talking about paragraph
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             1    38?



             2         Q.    It's the timer that's referred



             3    to as a reordering timer.  It's referenced



             4    in paragraph 37, paragraph 38, and



             5    paragraph 39, each referring to I believe



             6    the same timer, which is a reordering



             7    timer.  But I'll ask you, do you agree that



             8    each of paragraphs 37, 38 and 39 are



             9    referring to the same timer?



            10               I'll give you a moment to read



            11    through them.



            12         A.    (The witness reviews the



            13    document.)



            14               Okay, so if you read the



            15    paragraph 37, so it says, "For example,



            16    certain embodiments utilize a timer, such



            17    as a reordering timer."  A reordering



            18    timer.  So obviously it's not the timer.



            19    In the previous paragraph that's specified



            20    in 36.322, right?



            21         Q.    Yes.



            22         A.    A reordering timer as shown in



            23    figure 2.  Basically, putting in the



            24    context of this timer, reordering timer is



            25    operate in PDCP entity.  Agree?
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             1         Q.    I think you may have



             2    misunderstood my question.



             3         A.    No, no --



             4         Q.    My question is, is the



             5    reordering timer -- when paragraphs 37, 38



             6    and 39 refer to a timer, or reordering



             7    timer, are those paragraphs talking about



             8    the same timer?



             9         A.    So bear with me, okay?  I will



            10    get to that.  So saying what we're talking



            11    about, in figure 2 is the timer.  The



            12    timer.  A reordering timer operate in a



            13    PDCP entity, right?  So the rest is



            14    explaining why.



            15               Okay, so basically it talks



            16    about the RLC timer can -- reordering timer



            17    can be repurposed at the PDCP entity.  So



            18    the timer talks about -- the operation



            19    timer talking about here is the timer that



            20    will operate at the PDCP layer.  But the



            21    operation itself is similar to the timer



            22    defined in 36.322.  Okay?  So this is my



            23    interpretation of this paragraph, paragraph



            24    37 and 38.



            25         Q.    Again, that's not my question.
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             1    My question is, is the timer referred to in



             2    paragraphs 37, 38 and 39 the same timer?



             3    When it says a timer or the timer or the



             4    reordering timer, because it uses multiple



             5    terms, are they all talking about the same



             6    timer, or is 37, 38 and 39 referring to



             7    several different timers but using the same



             8    or similar names?



             9               DR. MOULDER:  Objection; form.



            10         A.    Okay, now, the 37, paragraph 37



            11    and 38, the paragraph 38, they refer --



            12    they are referring to figure 2, right?  So



            13    that -- referring to the timer as a



            14    reordering timer in both paragraphs.  But



            15    it's related to figure 2.  So this timer is



            16    the same -- these two timers are the same.



            17    We are talking about the same thing here.



            18         Q.    Okay, thank you.



            19         A.    I explained the same figure,



            20    right?



            21         Q.    I just want to make sure we're



            22    on the same page.  So paragraph 38 starts



            23    out, "As shown in figure 2, a timer, such



            24    as a reordering timer, can be started at



            25    320 whenever a gap in the received protocol
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             1    data units is observed at 310, such as by



             2    observing a gap in a sequence of protocol



             3    data units."  Do you see that first



             4    sentence of paragraph 38?



             5         A.    Yes.



             6         Q.    What does the sentence mean



             7    when it says "a gap"?



             8         A.    It means they are missing



             9    protocol data unit, or sequence -- SDU or



            10    PDU.  Basically it says -- a gap.  You have



            11    MI is one and then you don't have N and



            12    then N plus 1.  So that's a gap.  So



            13    essentially saying there's a data unit



            14    missing.  And so they are not in sequence.



            15         Q.    In paragraph 39 there's a



            16    discussion about the timer's expiry value.



            17    You see the first few words of paragraph



            18    39?  Do you see that?



            19         A.    Yes.



            20         Q.    So in this first sentence, just



            21    continuing on, paragraph 39 states, "The



            22    timer's expiry value can be configured by



            23    radio resource control (RRC) at 350, and



            24    can be set at 360 long enough so that the



            25    timer does not expire during normal
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             1    delivery delay of protocol data units sent



             2    by the eNB to the user equipment via a



             3    small-cell node; for example, including all



             4    possible HARQ and ARQ retransmissions at



             5    MAC and RLC level therein, respectively."



             6    Do you see that first sentence?



             7         A.    Yes.



             8         Q.    What is your understanding of



             9    when the timer is set to expire, according



            10    to Koskinen?



            11               DR. MOULDER:  Objection; form.



            12         A.    Can we break it down?  This is



            13    a long sentence, right?  So it's probably



            14    more beneficial to break it down.



            15         Q.    I agree.  It's a long sentence,



            16    which is why I'm trying to understand what



            17    Koskinen is trying to say here.  Because to



            18    me it's a little bit unclear.  So let me



            19    ask you.  Koskinen states, I'll just read



            20    it off again, that "the timer's expiry



            21    value can be set at 360 long enough so that



            22    the timer does not expire during normal



            23    delivery delay of protocol data units."



            24         A.    Okay.



            25         Q.    Do you as a POSITA, do you know
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             1    what Koskinen means when it says "long



             2    enough"?



             3         A.    Here we talk about the delay.



             4    So when you transmit the data from the base



             5    station, the macro, to the user equipment,



             6    that's one delay.  And then from the macro



             7    base station to the small cell base station



             8    and then to the user equipment, there's



             9    additional delay there.  So basically, it



            10    has to be long enough to accommodate the



            11    delay itself.  And there might be other



            12    considerations, but in this, it has to



            13    consider the delay.



            14         Q.    Can you give me some examples



            15    of what some other considerations would be



            16    in setting the length of the timer's expiry



            17    value?



            18         A.    For example, you're processing



            19    delay.  So when you receive data, you



            20    process it, right, from the physical layer,



            21    okay, all the way to the PDCP layer.  And



            22    so -- now, when -- it depends on the user



            23    equipment.  If I have a faster process I



            24    can process the data.  If not, I have to --



            25    I have to sequentially process the data
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             1    received from the macro and received from



             2    the small base station.



             3               So I have more data to



             4    accumulate so I have to process them



             5    sequential.  So those are other



             6    considerations.  So it depends on the



             7    system design and, say, how long I have to



             8    consider.



             9               But here the delay -- since we



            10    are talking about multi-flow application,



            11    you have to consider the additional delay



            12    from the macro base station to the small



            13    base station to the user equipment.  So



            14    that's additional delay.  You have to



            15    consider that.



            16         Q.    So what entity needs to keep



            17    track of all these considerations to set



            18    the timer's expiry value?



            19               DR. MOULDER:  Objection; form.



            20         A.    It's a very complicated



            21    process.  So ultimately the control reside



            22    in the network.  So that's why the expiry



            23    value in paragraph 39, the timer's expiry



            24    value can be configured by radio resource



            25    control, by RRC.  So that is the --
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             1    although it's simple, but there's actually



             2    it's relaying a lot of information to a



             3    POSITA.  But that's all the information



             4    there.



             5               So the value is sent by the



             6    RRC, means the network controls the value,



             7    and the RRC itself is -- when you configure



             8    by RRC is through RRC message, okay, and



             9    the message is structured -- has to be



            10    structured.  If you understand LTE,



            11    understand the specification, has to be a



            12    control message.  Control message has to be



            13    in the form of information elements.  And



            14    information elements, it depends on what



            15    category.  You have different type --



            16    different information elements  and



            17    regarding to what.



            18               Okay, so that is how you relay



            19    the control information.  In this case,



            20    this is a timer information, it's PDCP, the



            21    information is all in there.  It's simple.



            22         Q.    So all of those considerations



            23    are done by the network which then uses an



            24    RRC -- uses RRC to configure the timer's



            25    expiry value.  Is that what you're saying?
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             1         A.    Yes.



             2         Q.    And the way that the timer's



             3    expiry value is set, that's not stated in



             4    Koskinen, correct?



             5               DR. MOULDER:  Objection; form.



             6         A.    Can you ask that, please?  I



             7    didn't catch it.



             8         Q.    Sure.  So you were just telling



             9    me that there are a lot of considerations



            10    that go into the timer's expiry value and



            11    what the network has to monitor or keep



            12    track of in order to set the timer's expiry



            13    value.



            14         A.    Mm-hmm.



            15         Q.    And then the network uses the



            16    RRC to configure that value for the timer.



            17    That's all correct so far, right?



            18         A.    Yes.  So far, yes.



            19         Q.    So my question is, where does



            20    Koskinen explain all of those



            21    considerations that would need to be



            22    accounted for?  I don't see that in this



            23    paragraph, so where should I look to in the



            24    rest of Koskinen to find all of those



            25    considerations on how to set the timer's
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             1    expiry value?



             2               DR. MOULDER:  Objection; form.



             3         A.    When you say how to set, you



             4    mean -- are you talking about the value or



             5    how to calculate the time or --



             6         Q.    Calculate the time.



             7         A.    Now, in terms of calculating



             8    time, so there's specification probably



             9    address some scenarios, okay?  So that is



            10    probably known to POSITA, right?  You don't



            11    have to repeat those things.  There's some



            12    other consideration that is specified in



            13    the standard itself.



            14               Now, here we are talking about



            15    in this context, in Koskinen, the problem



            16    there that Koskinen talk about, it is



            17    multi-flow application, and that specific



            18    application -- in that specific



            19    application, this additional delay has to



            20    be considered.  So means additional factor,



            21    you have to factor in when you -- when the



            22    network calculates the timer's expiry



            23    value, it has to consider in addition to



            24    what other factors, this has to be



            25    considered additionally.
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             1         Q.    And those other factors are not



             2    listed in Koskinen, correct?



             3         A.    I don't remember.  It may or it



             4    may not, okay?  I don't remember this or



             5    not.  So I have to check.  I did not pay --



             6    I don't remember it says.  It may or it may



             7    not.



             8         Q.    You don't recall seeing those



             9    other factors -- any other factors --



            10         A.    I don't recall, but to POSITA



            11    it doesn't have to because when you -- this



            12    is on top of a system.  Basically you're



            13    doing some -- adding a feature into a



            14    network.  So if you write down everything,



            15    that would be a long, long thing.  So



            16    basically it's well understood what kind of



            17    factor has to be considered when you're



            18    setting a timer.  So for example, the RRC



            19    timer, there's a delay, there's some kind



            20    of delay considers and some other things



            21    considered.  RRC is only for HARQ purpose,



            22    so that's for different configuration.



            23               But in this case, using



            24    multi-flow delay, additional delay between



            25    macro base station and small base station
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             1    and the user equipment have to be



             2    considered.  That is what is said here.



             3               So my point is -- whether it



             4    lists here or not probably is not important



             5    or not necessary, right?



             6         Q.    What is the purpose of the



             7    timer?



             8               DR. MOULDER:  Objection; form.



             9         A.    So are you talking about the



            10    timer in Koskinen or are you talking about



            11    the timer in '573?



            12         Q.    Yes, I'm referring to -- what



            13    is the purpose of the timer in Koskinen?



            14         A.    I believe I said that in my



            15    declaration.



            16         Q.    I believe you mentioned earlier



            17    that the gap that triggers the timer is



            18    based on a gap in the sequence of PDUs, is



            19    that correct?



            20         A.    Yes.  I mentioned the figure 2



            21    in Koskinen.



            22         Q.    And figure 2 is referring to a



            23    scenario where there's a gap in the



            24    sequence of PDUs and so a timer is started,



            25    is that right?
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             1         A.    Right.



             2         Q.    What happens when one of those



             3    missing PDUs arrives while the timer is



             4    still running?



             5         A.    Okay, when the missing PDU



             6    arrive within the time of the timer,



             7    there's no problem then, right?  And then



             8    the PDCP will be able to deliver the PDU or



             9    SDU to the operator in sequence.



            10         Q.    I'm trying to find where



            11    Koskinen describes the scenario.  So can



            12    you point me to where in Koskinen it



            13    explains what steps are performed when a



            14    missing -- an out-of-sequence PDU is



            15    received while the timer is still running?



            16         A.    The Koskinen talks about the



            17    operation of the timer, the reordering



            18    timer operation by referring to 36.322.  So



            19    that is way before this multi-flow.  So in



            20    that operation it have all the scenario



            21    there.  Before expiry time, what you have



            22    and what deliver, and after it expires what



            23    to do.  Okay, so it's all scenario.  It's



            24    written in the standard.  So that is



            25    already there.
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             1               Now, in my view -- okay, so



             2    Koskinen is saying here the purpose of that



             3    timer in PDCP, so basically actually define



             4    everything.  The operation before the



             5    missing PDU arrive, there's no problem, you



             6    can deliver.  And here it talks about when



             7    you're going to use a timer when it expire,



             8    you're not going to block delivery.  You



             9    just deliver whatever you have received.



            10    And so --



            11         Q.    Okay, so -- I'm sorry, if you



            12    weren't finished.



            13         A.    No, that's my view.  It doesn't



            14    have to spell it out to a POSITA.  This is



            15    what the operation.  Basically you can just



            16    repurpose the whole thing, repurpose this



            17    reordering at the PDCP layer.



            18         Q.    So Koskinen doesn't describe



            19    what to do if the out-of-sequence PDU



            20    arrives while the timer is still running;



            21    it's not focused on that situation.  It's



            22    focused on the scenario where the timer has



            23    expired, and that's what Koskinen is about,



            24    is that correct?



            25               DR. MOULDER:  Objection; form.
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             1         A.    Okay, to me it is there already



             2    because Koskinen -- it already talked about



             3    the reference of 36.322 don't have



             4    everything there.  It actually talked about



             5    that.  To me.  It is to me, it already



             6    talks about that.



             7         Q.    It's relying on TS 36.322 as



             8    background and Koskinen is focussing on a



             9    specific scenario -- excuse me; specific



            10    scenario where the timer has expired, not a



            11    scenario where the out-of-sequence PDU



            12    arrives before the timer expires, correct?



            13               DR. MOULDER:  Objection; form.



            14         A.    There's so many statements in



            15    your question.



            16         Q.    I'm just trying to summarize.



            17         A.    Yeah, I know, I know.  Koskinen



            18    address the same problem as in '573 patent.



            19         Q.    I want -- I'm sorry, go ahead.



            20         A.    Address the same problem and



            21    provide the same solution.  Basically use



            22    timer to address the problem.  And Koskinen



            23    also say you can just repurpose the timer



            24    at RRC into the PDCP layer.  And the RRC



            25    timer operation has already defined or
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             1    specified in the standard for RRC layer.



             2    So you can just repurpose it.



             3               And so to me it's very clear.



             4    So I think that is -- I mean, it's obvious



             5    to a POSITA.



             6         Q.    Okay, let's move on to the



             7    Sammour reference, which I'm dropping into



             8    the chat now.  We'll try and get through



             9    this rather quickly.  This will be Exhibit



            10    5, which was previously designated as



            11    Exhibit 1006.



            12               (Whereupon, Sammour Reference



            13          was marked as Lo Exhibit 5 for



            14          identification as of this date by the



            15          Reporter.)



            16               MR. STANFORD:  For the record,



            17          the Sammour reference is U.S. Patent



            18          application publication number



            19          2009-0149189.



            20         A.    Okay.



            21         Q.    Do you have that open?



            22         A.    Yes.



            23         Q.    Sammour is used in the second



            24    ground of invalidity in your declaration,



            25    correct?
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             1         A.    Right.



             2         Q.    And it's combined with



             3    Koskinen, which we've just been discussing,



             4    correct?



             5         A.    Mm-hmm.  Yes.



             6         Q.    What is missing from Koskinen



             7    that you are using Sammour to teach?



             8         A.    There's nothing missing in



             9    Koskinen in terms of -- to me Koskinen has



            10    all the elements, that's so obvious in



            11    terms of the claim elements.



            12         Q.    So why are you proposing --



            13    sorry.



            14         A.    So remember in Koskinen



            15    paragraph I believe 39 or 38, it talks



            16    about the timer is configured by RRC,



            17    right?  So to a POSITA, obviously control



            18    message has to be in information element



            19    form.  And so to people -- well, Koskinen



            20    did not explicitly say using a control



            21    information element, although it's



            22    actually -- it's very implicit there.



            23    There's no other way, by definition of LTE



            24    standard, there's no other way to deliver



            25    control message other than using
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             1    information element.  So he did not say it.



             2    But here we use Sammour to make it actually



             3    more obvious.



             4               So the question says it's



             5    missing.  To me there's nothing missing.  I



             6    used the Sammour here to illustrate the



             7    obviousness here, to use the information



             8    element to deliver a timer setting.



             9         Q.    So Sammour is used for the



            10    information element aspect of the '573



            11    claims, is that right?



            12         A.    Say that again, please.



            13         Q.    I'm just trying to understand



            14    your testimony just now.  You're saying



            15    that you needed Sammour to spell out that



            16    the information element is used in the RRC



            17    messaging to read on elements of claim 1,



            18    correct?



            19               DR. MOULDER:  Objection; form.



            20         A.    I believe I spelled it out in



            21    my declaration why we use Sammour to



            22    illustrate.



            23         Q.    Is Sammour redundant of the



            24    teachings of --



            25               DR. MOULDER:  I don't think he
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             1          was done with his answer.



             2               MR. STANFORD:  I apologize.



             3         A.    If you go to paragraph -- I'm



             4    just trying to address your question first



             5    why we use Sammour.  So if you go to



             6    paragraph 190, this is the motivation



             7    combined Koskinen and Sammour.



             8         Q.    Okay, thank you.



             9         A.    Do you need me to read out?



            10         Q.    No, that's okay.  I can read it



            11    from your declaration.



            12               Are the teachings of Sammour



            13    redundant of the teachings of Koskinen?



            14         A.    I think to a POSITA it's kind



            15    of redundant.  But we put it here as



            16    probably make it more easier for other



            17    people to understand.



            18         Q.    Well, why don't we take a look



            19    at just a couple of the specifics what



            20    Sammour is teaching.  If you'll jump to



            21    paragraph 148 of Sammour, it's a paragraph



            22    that's really just a heading.  It says



            23    "Reordering stop mode IE."



            24         A.    Sorry, which paragraph?



            25         Q.    148.  It's given a paragraph
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             1    number but really it's just a heading.  It



             2    says "reordering stop mode IE."



             3         A.    Yes.



             4         Q.    In the paragraph that follows,



             5    so paragraph 149, it mentions a flush



             6    timer.  Do you see that?



             7         A.    Yes.



             8         Q.    What is a flush timer?



             9         A.    Based on here, you use stop



            10    timer to stop reordering by its function.



            11         Q.    And it's saying stop reordering



            12    following hand-over, is that right?



            13         A.    Yes.



            14         Q.    I don't see anything else in



            15    that paragraph or paragraph 150 about the



            16    flush timer.  Do you?



            17               DR. MOULDER:  Objection; form.



            18         A.    Are you asking where do I -- do



            19    I see "flush timer" anywhere else or



            20    something like that?



            21         Q.    Sorry, do you see a description



            22    of flush timer in paragraphs 149 or 150,



            23    or, excuse me, table 33?



            24         A.    Yeah, it says the timer to stop



            25    reordering.  I assume that's the function.
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             1         Q.    Is there anywhere, from your



             2    recollection of Sammour, where Sammour



             3    describes how long to set the flush timer



             4    for?



             5         A.    No, I did not pay attention --



             6    I don't have any opinion on what the flush



             7    timer, okay?  Here it's not -- the point is



             8    not what the timer does.  To me it's not



             9    important here.  The important thing is how



            10    does Sammour describe the method of deliver



            11    the timer information.



            12         Q.    Okay, thank you, that's



            13    helpful.



            14               Like I said, we'll quickly get



            15    through this one.  We'll go to the last



            16    reference you relied upon which is the



            17    Deenoo reference, which will be Exhibit 6.



            18               DR. MOULDER:  Do you want to



            19          take a break before we get into



            20          Deenoo?



            21               MR. STANFORD:  Sure.  Why don't



            22          we take a break.  Feel free to go



            23          ahead and download Exhibit 6.



            24         A.    Can I have more time for the



            25    break?  It's 1:00.  I'm real hungry.  Can I
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             1    have 15 minutes?



             2         Q.    I really only have, like, 10,



             3    15 minutes worth of questions left.  So if



             4    you can hang on for a few more minutes, we



             5    can just wrap this up and you can be free



             6    to eat and not worry about coming back.



             7         A.    In that case, let's continue.



             8               DR. MOULDER:  Do you want to



             9          take a quick break then?



            10               MR. STANFORD:  Let's take a



            11          quick bathroom break.



            12               (Whereupon, a short recess was



            13          taken.)



            14               (Whereupon, Deenoo Reference



            15          was marked as Lo Exhibit 6 for



            16          identification as of this date by the



            17          Reporter.)



            18    BY MR. STANFORD:



            19         Q.    Okay, Dr. Lo, do you see that I



            20    dropped what's now Exhibit 6 into the chat?



            21         A.    Yes.



            22         Q.    Which is knew the Deenoo



            23    reference.  Again, for the record it's U.S.



            24    Patent application publication number



            25    2016-0021581.
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             1               Dr. Lo, I'd just like to talk



             2    about this reference for a few minutes.



             3         A.    Okay.



             4         Q.    And I'll let you get out of



             5    here and get some lunch.



             6               Let's see, if you jump to



             7    paragraph 208 of Deenoo.  Let me know when



             8    you get there.



             9         A.    Okay.



            10         Q.    Paragraph 208 starts out with



            11    the phrase "normal case:  Reordering



            12    algorithm."  Do you see that?



            13         A.    Yes.



            14         Q.    And then it lays out what



            15    appears to be sort of a numbered sequence



            16    going from paragraph 208 through to



            17    paragraph 210.  Do you see that?



            18         A.    Yes.



            19         Q.    What is your understanding of a



            20    reordering algorithm described in Deenoo?



            21         A.    I think I describe that in the



            22    declaration.



            23         Q.    So --



            24         A.    If you go to my declaration,



            25    paragraph 203, 204 and 205, basically
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             1    Deenoo address the same problem as in '573



             2    and provide essentially the same method, or



             3    same solution.  You have the algorithm, you



             4    have the timer and address the out-of-order



             5    problem.



             6         Q.    Thank you.  The reason I ask



             7    is, and maybe I missed it, the reason I ask



             8    is I don't see the phrase "reordering



             9    algorithm" in those paragraphs you just



            10    cited.  That's why I'm asking.  What's your



            11    understanding of what the reordering



            12    algorithm is in Deenoo?



            13         A.    What I heard from your



            14    question, you mean -- you're saying I did



            15    not quote reordering algorithm in my



            16    declaration?



            17         Q.    I just didn't see it, so I'm



            18    just asking you generally.  You don't have



            19    to read anything from your declaration.  If



            20    you could just generally explain to me



            21    what's the reordering algorithm described



            22    in Deenoo?



            23         A.    Actually, in my declaration I



            24    did talk about the reordering algorithm.



            25    Paragraph 228.  "Additionally, Deenoo
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             1    discloses reordering algorithm in the PDCP



             2    of the UE utilizing a reordering timer."



             3               In a sense it's the steps how



             4    to address -- step-by-step how to address



             5    the missing PDU or SDU, if there's any.



             6    And that's how you deal with it.  I'm not



             7    sure what you're trying to -- what specific



             8    you are asking.



             9         Q.    That's all.  I'm just asking at



            10    a broad level what is it.  If I can just



            11    follow up, your explanation is that the



            12    reordering algorithm is a series of steps



            13    that I guess in this case the device would



            14    take or the entity would take when it



            15    discovers a missing PDU, is that correct?



            16         A.    Yes, when a missing PDU and



            17    stop timer.  And when the timer expire you



            18    go to next step.  So that is basically what



            19    it is.



            20         Q.    That's great.  You anticipated



            21    my next question which was going to be



            22    about the timer.



            23               So the algorithm here in



            24    paragraphs 208 through 210 of Deenoo



            25    discusses this reordering timer and
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             1    different -- basically what's new in



             2    different scenarios, whether or not the



             3    timer is running, whether or not it's



             4    expired.  But what I don't see in here is



             5    information about how you set the length of



             6    the timer, so if you could help me out.



             7    What does Deenoo explain how you set the



             8    length of the reordering timer?



             9         A.    Well, okay, the algorithm here



            10    operate at the user equipment.  So that's



            11    the mobile station.  When you talk about



            12    setting the timer, how long and how to



            13    calculate the time, that operation is at



            14    the network itself.



            15               So the algorithm here basically



            16    is for the user equipment.  So that's why



            17    you don't see the timer setting here.



            18         Q.    This algorithm is for the UE,



            19    correct?



            20         A.    Correct.



            21         Q.    And how does Deenoo describe



            22    receiving the value of the timer?



            23         A.    In Deenoo it talks about



            24    sending the information.  So basically, it



            25    says the same thing.  When the base station
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             1    is sending information, you can interpret



             2    that the user equipment receive the



             3    information.  So in Deenoo it does talk



             4    about sending the RRC configuration to the



             5    UE.  So I actually talk about that in the



             6    declaration in paragraph 227.  "In Deenoo



             7    it describes the macro cell may send an RRC



             8    connection reconfiguration to the UE with



             9    the macro and/or the small cell



            10    configuration.  Additionally, macro eNB may



            11    configure the measurement



            12    parameters/events/triggers for the UE in an



            13    RRC connected mode."



            14               So that basically describes the



            15    transmission of configuration to the UE by



            16    the base station.



            17         Q.    Looking at paragraph 227 of



            18    your declaration, the part that you just



            19    read off, the measurement



            20    parameters/events/triggers, that quoted



            21    phrase from Deenoo is what you're relying



            22    on as the network providing the value of



            23    the timer to the UE, correct?



            24               DR. MOULDER:  Objection; form.



            25         A.    No, actually both.  The first
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             1    sentence describes -- Deenoo states that



             2    the macro cell may send an RRC connection



             3    configuration to the UE.  So the RRC



             4    connection configuration basically consists



             5    of the control information regarding the



             6    setup of the connection configuration.  So



             7    contains all the parameters or information



             8    elements in the configuration message.



             9         Q.    In your opinion it would



            10    include the value of the timer that the



            11    network has calculated.



            12         A.    Yes.



            13         Q.    And to come to that conclusion



            14    you're relying on the quoted statement in



            15    paragraph 227 of your declaration, correct?



            16               DR. MOULDER:  Objection; form.



            17         A.    I'm just -- probably even have



            18    more in the declaration saying -- it's not



            19    just these two quotations.  I couldn't find



            20    it.  Okay, yeah, essentially these two



            21    statements by Deenoo basically have all the



            22    informations for a POSITA to go on and set



            23    up the timer information.



            24         Q.    Thank you for confirming.



            25               That's all the questions I have
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             1    for you today.  I really appreciate your



             2    time.



             3         A.    Thank you.



             4               MR. STANFORD:  Chris, do you



             5          have any?



             6               DR. MOULDER:  I don't have any



             7          questions.



             8               (Whereupon, at 4:23 p.m. the



             9          examination of this witness was



            10          concluded.)



            11



            12



            13          °       °             °          °



            14



            15



            16



            17



            18



            19



            20



            21



            22



            23



            24



            25
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             1               D E C L A R A T I O N



             2



             3          I hereby certify that having been



             4    first duly sworn to testify to the truth, I



             5    gave the above testimony.



             6



             7          I FURTHER CERTIFY that the foregoing



             8    transcript is a true and correct transcript



             9    of the testimony given by me at the time



            10    and place specified hereinbefore.



            11



            12



            13

                                _________________________

            14                  TITUS LO, Ph.D.



            15



            16



            17

                  Subscribed and sworn to before me

            18



            19    this _____ day of ________________ 20___.



            20



            21    _________________________

                      NOTARY PUBLIC

            22



            23



            24



            25
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             1          C E R T I F I C A T E



             2

                  STATE OF NEW YORK      )

             3                  :    SS.:

                  COUNTY OF DELAWARE     )

             4



             5          I, SUZANNE PASTOR, a Notary Public



             6    for and within the State of New York, do



             7    hereby certify:



             8          That the witness whose examination is



             9    hereinbefore set forth was duly sworn and



            10    that such examination is a true record of



            11    the testimony given by that witness.



            12          I further certify that I am not



            13    related to any of the parties to this



            14    action by blood or by marriage and that I



            15    am in no way interested in the outcome of



            16    this matter.



            17          IN WITNESS WHEREOF, I have hereunto



            18    set my hand this day, January 2, 2026.



            19



            20

                          ___________________________

            21            SUZANNE PASTOR



            22



            23



            24
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