IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Application No.: to be assigned Confirmation No.:
Applicant(s): Du et al.

Filed: herewith

Art Unit:

Examiner:

Title: Reporting Buffering Information

Attorney Docket No.: 863.0583.U1(US)

Commissioner For Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Information Disclosure Statement
(37 C.F.R. §1.97(b))

Sir:

The following information is being disclosed to the U.S. Patent and Trademark Office as
information that may be material to the examination of the above-identified patent

application.

Applicant’s Attorney is aware of the documents listed on the enclosed Form PTO-1449.
Copies of the non-US documents are enclosed with the Form PT0O-1449 for the
Examiner’s use. The documents listed were cited in an International Search Report issued

in the parent International application. A copy of the Search Report is attached.

The filing of this Statement is not to be construed as a representation that a search has

been made regarding the claimed invention (37 C.F.R. §1.97(g)) or that no other possible
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material information exists. In addition, the filing of this Statement is not to be construed
to be an admission that the information cited in the Statement is, or is considered to be,

material to Patentability (37 C.F.R. §1.97(h)).

Respectfully submitted,

A /15

Robert J. Mauri (R(ég. No. 41,180) Date
Customer No.: 29683

Harrington & Smith

Attorneys at Law, LLC

4 Research Drive

Shelton, CT 06484-6212

203-925-9400
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INFORMATION DISCLOSURE Docket No.: 863.0583.U1(US) Serial No.: to be assigned
CITATION FORM FOR
PATENT APPLICATION Applicant(s): Duetal.

(FORM PTO-1449)

(Substitute) Filing Date: herewith Group: N/A
U.S. PATENT DOCUMENTS
Examiner Document Number Publication Date Name of Patentee or Applicant Class Sub-class
Initials (Number-Kind Code) (MM-DD-YYYY)
US-
Us-
US-
US-
US-
US-
US-
US-
US-
US-
US-
US-
US-
US-
US-
US-
FOREIGN PATENT DOCUMENTS
Examiner Document Number Publication Date Name Of Patentee of Applicant Translation?
Initials (Country Code-Number-Kind Code) MM-DD-YYYY) Yes/No/n/a
WO 2009/088334 Al 07-16-2009 Telefonaktiebolaget LM Ericsson
W02009/095814 Al 08-06-2009 Nokia Siemens Networks Oy
CN 101116308A 01-30-2008 Nokia Corp. No
CN101557581A 10-14-2009 Huawei Technology Co. Ltd. No

OTHER DOCUMENTS (Author (Capitalize), Title, Date, Pages, Etc., if known)

Examiner’s Signature:

| Date Considered:

Initial if reference was considered, whether or not citation is in conformance with MPEP. Mark through citation if not considered.
Include a copy of this citation form with your next correspondence to the Applicant(s).
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PATENT COOPERATION TREATY

PCT

INTERNATIONAL SEARCH REPORT
(PCT Article 18 and Rules 43 and 44)

Applicant’s or agent’s file reference FOR FURTHER see Form PCT/ASA/220
EIEQ90107PCT ACTION as well as, where applicable, item 5 below.
International application No. Tnternational filing date (day/monthfyear) | (Barliest)Priority date (day/month/year)
PCT/CN2009/075663 17 Dec. 2009(17.12.2009)
Applicant

NOKIA SIEMENS NETWORKS OY et al.

This international search report has been prepared by this International Searching Authority and is transmitted to the applicant according
to Article 18. A copy is being transmitied to the Intemational Bureau.

This international search report consists of a total of 3 sheets.

[ Itis also accompanied by a copy of each prior art document cited in this report.

1. Basis of the report
a. Withregard to the language, the international search was carried out on the basis of:
the international application in the Janguage in which it was filed
[ = translation of the international application into , which is the language of a
translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b))
b. [J This intemational search report has been established taking into account the rectification of an obvious mistake authorized
by or notified 1o this Authority under Rule 91 (Rule 43.6bis(a)).

¢. [] With regard to any nucleotide and for amino acid sequence disclosed in the international application, see Box No. 1.

2. [ Certain claims were found unsearchable (see Box No. IT)
3. [ Unity of invention is lacking (sce Box No. IiI)
4, With regard to the title,
4] the text is approved as submitted by the applicant.
[0 the text has been established by this Authority to read as follows:
5. With regard to the abstract,

D the text is approved as submitted by the applicant.
] the text has been established, according to Rule 38.2(b), by this Aunthority as it appears in Box IV. The applicant may, within
ong month from the date of mailing of this international search report, submit comments to this Authority.

6. With regard to the drawings,
a. The figure of the drawings to be published with the abstract is Figure No, 1

as suggested by the applicant
1 as selected by this Authority, because the applicant failed to suggest a figure

[} as selected by this Authority, because this figure better characterizes the invention
b. ] none of the figures is to be published with the abstract

Form PCT/ISA/210(first sheet)(Tuly 2009)
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INTERNATIONAL SEARCH REPORT

International application No.

PCT/CN2009/075663

A. CLASSIFICATION OF SUBJECT MATTER

HO4AW72/04(2009.01)i
According to International Patent Classification (IPC) or 1o both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

1PC: HO4W72/-, HOAL1Y/-

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international scarch (name of data base and, where practicable, search terms used)

CPRSABS, CNKI, WPI, EPODOC: BUFFER, BSR, INFORMATION, MESSAGE, REPORT+, SEND+, SENT, TRANSMIT+/
TRANSFER+, INDICAT+, ORDER, NODE, NB, ENB, USER, UE

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A WO20090958 14A1( NOKIA SITEMENS NETWORKS OY et al) 06 Aug. 2009(06.08.2009) 1-38
the whole document
A WO2000088334A1( ERICSSON TELEFON AB L M et al) 16 Jul, 2009(16.07.2009) 1-38
the whole document
A C'N101116308A( NOKIA CORP) 30 Jan. 2008(30.01.2008) the whole document 1-38
A (CN101557581A(HUAWEI TECHNOLOGY CO LTD) 14 Oct. 2009(14.10.2009) 1-38
the whole document

[} Forther documents are listed in the continuation of Box C.

[ Sec patent family annex.

* Special categories of cited documents:

“A”  document defining the general state of the art which is not
considered to be of particular relevance

“B*  earlier application or patent but published on or after the
international filing date

“L”  document which may throw doubts on priority ¢laim (8) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

“Q”  docoment referring to an oral disclosure, use, exhibition or
other means

“P*  document published prior to the international filing date
but later than the priority date claimed

wye

g

wy

later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to invoive

an inventive step when the document is taken alone

document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such
documents, such combination being obvious to a person
skilled in the art

“ &"dacument rmember of the same patent family

Date of the actual completion of the international search
07 Sep. 2010(07.09.2010)

Date of mailing of the international search report

23 Sep. 2010 (23.09.2010)

Name and mailing address of the ISA/CN

The State Intellectual Property Office, the PR.China

6 Xitucheng Rd., Jimen Bridge, Haidian District, Beijing, China
100088

Facsimile No. 86-10-62019451

Authorized officer

REN, Yang

Telephone No. (86-10)62411485

Form PCT/1SA 1210 (second sheet) (Tuly 2009)

Page 5 of 284



INTERNATIONAL SEARCH REPORT

: ) Internationa} application No.
Information on patent family members

PCT/CN2009/075663
Patent Documents referred Publication Date Patent Family Publication Date
in the Report
- WO02009095814A1 06.08.2009 US2009196177A1 6.08.2009
WO2000088334A1 16.07.2009 NONE
CN101116308A 30.01.2008 WO2006082485A1 10.08.2006
US2006190593A1 24.08.2006
EP1844593A1 17.10.2007
KR20070095428A 28.09.2007
TW200637280A 16.10.2006
KR20090090361A 25.08.2009
CN101557581A 14.10,2009 NONE

Form PCT/ISA /210 (patent family annex) (July 2009)
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PATENT COOPERATION TREATY

1 From the
INTERNATIONAL SEARCHING AUTHORITY
To: T
| 100022 | PC
WRITTEN OPINION OF THE INTERNATIONAL
31st Floor,Office Tower A,39 Dongsanhuan SEARCHING AUTHORITY
Zhonglu,Chaoyang District,100022,Beijing
CHINA (PCT Rule 43 bis.1)
KING & WOOD PRC LAWYERS
Date of mailing
(daymontityeary 23 Sep. 2010 (23.09.2010)
Applicant's or agenf’s file reference FOR FURTHER ACTION
EIEQ90107PCT See paragraph 2 below
International application No. International filing date(day/month/year) | Priority date (day/month/year)
PCT/CN2009/075663 17 Dec. 2009(17.12.2009) '

Tnternational Patent Classification (IPC) or both national classification and IPC
HO4W72/04(2009,01)

Applicant
NOKIA SIEMENS NETWORKS OY etal.

1. This opinion contains indications relating to the following items:

X

Box No. 1 Basis of the opinion

Box No.II Priority

BoxNo.II  Non-establishment of opinion with regard o novelty, inventive step and industrial applicability

Box No.IV  Lack of unity of invention

BoxNo.V  Reasoned siatement under Rule 43bis.1(a)i) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

BoxNo.VI  Certain documents cited

Box No. VII Certain defects in the international application

Box No.VIII Certain observations o the international application

®OOO

X1

7]

2. FURTHER ACTION

If a demand for intemational preliminary examination is made, this opinion will be considered to be a written opinion of the
International Preliminary Examining Authority (“IPEA”) except that this does not apply where the applicant chooses an
Authority other than this one to be the IPEA and the chosen IPEA has notified the International Bureav under Rule 66.1bis(b) that
written opinions of this Intemational Searching Authority will not be so considered.

If this opinion is, as provided above, considered to be a written opinion of the IPEA, the applicant is invited to submit to the
IPEA a wrilten reply together, where appropriate, with amendments, before the expiration of 3 months from the date of mailing
of Form PCT/ISA/220 or before the expiration of 22 months from the priority date, whichever expires later.

Tor further options, see Form PCT/ISA/220.

3. For further details, see notes to Form PCT/ISA/220,

Name and mailing address of the ISA/CN Date of completion of this opinion
The State Intellectual Property Oifice, the PR.China
6 Xitucheng Rd., Jimen Bridge, Haidian Distiet, | 17 Sep., 2010 (17.09.2010)
Beijing, China 100088
Facsimile No, 86-10-62019451
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY PCT/CN2009/075663

BoxNo.1  Basis of the opinion

1. With regard to the language, this opinion has been established on the basis of:

[X] the international application in the langvage in which it was filed.
[0 a translation of the international application into , which is the language of a translation
furnished for the purposes of international search (Rules 12.3(a) and 23.1(b)).

2. [ This opinion has been established taking into account the rectification of an obvious mistake authorized by or notified to
this Authority under Rule 91(Rule 43bis. 1(a))

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application ,this opinion has been
established on the basis of :

a. a sequence listing filed or furnished

3 onpaper
[ in electronic form

b. time of filing or furnishing
[[] contained in the applicant as filed
[ filed together with the application in electronic form
[] fumished subsequently to this Authority for the purposes of search

4. ] In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required
statements that the information in the subsequent or additional copies is identical to that in the application as filed or does not

go beyond the application as filed, as appropriate, were furnished.

5. Additional comments:
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WRITTEN OPINION OF THE Intemational application No.
INTERNATIONAL SEARCHING AUTHORITY PCT/CN2009/075663

Box No. V Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

1. Statement:
Novelty (N) Claims 1-38 YES
Claims NONE NO
Inventive step (I5) Claims 1-38 YES
Claims NONE NO
Industrial applicability (TA) Claims  1-38 YES
Claims NONB NO

2. Citations and explanations

The cited documents in the written opinion are:

D1: WO2009095814A1; D2: WO2009088334A1; D3: CN101116308A; D4: CN101557581A

D1 discloses a method and apparatus for uplink scheduling in a network that employs relay nodes;
D2 discloses a compressed buffer status reports in LTE;

D3 discloses a buffer parameter signaling method for computer;

D4 discloses a method and device for obtaining buffer status report.

Novelty:
Each of the prior art D1-D4 does not disclose the same technical solutions of the claims 1-38, so the claims 1-38 are novel
compared with the prior art, and comply with the PCT 33(2).

Inventive step:

DI is the closest prior art, which discloses that UEs send their buffer status reports and data to a relay node RN; the RN then
sends its own status report to the controlling eNBr with the sctual buffer occupancy and information about the virtual buffer
occupancy (corresponding to send a buffer information report to s system station from 2 node for relaying communication between
at least one user station and the system station or receive a buffer information report from a node for relaying communication
between at least one user station and the system station). The differences of claims 1, 2, 21, 22, 33-37 compared with D1 are that: in
the claim 1, the report being generated based on a report format used for uplink reporting by a user station, and sending an indication
to the system station that the node for relaying has different buffering capabilities than the user station; in the claim 2, the report
being generated based on a report format used for uplink reporting by a user station, and receiving an indication that the node for
relaying has different buffering capabilities than the user station, determining the buffer capabilities of the node for relaying based
on the buffer information report and the indication and conftrolling communications between the system station and the node for
relaying; in the claims 21, 34, the report being generated based on a report format used for uplink reporting by a user station, and the
apparatus comprises means for causing sending of an indication to the system station that the node for relaying has different
buffering capabilities than the user station; in the claims 22, 35, the report being generated based on a report format used for uplink
reporting by a user station, and the apparatus comprises control means; in the claim 33, there is a computer program performing the
steps of any of claims 1 to 20, in the claim 36, there is a communication system comprising the apparatus as claimed in any of claim
21 to 32; in the claim 37, the buffer information message comprises an indication that the node for relaying has different buffering
capabilities than the user station, The prior art D1-D4 do not teach or fairly suggest the technical solutions defined by claims 1, 2,
21, 22, 33-37, and the technical solutions of the above claims can not be derived from the combination of D1-D4 cbviously, so the
claims 1, 2, 21, 22, 33-37 have an inventive step and comply with the PCT 33(3).

Because the above independent claims 1, 2, 21, 22, 33-37 have an inventive step, the dependent claims 3-20, 23-32, 38 also
have an inventive step and comply with the PCT 33(3).

Industrial applicability

Because the technical solutions defined by claims 1-38 ¢an be made or used in the industry, so the claims 1-38 have industrial
applicability and comply with the PCT 33(4).
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WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY

International application No.

PCT/CN2009/075663

BoxNo.VII  Certain defects in the international application

Pape 10 of 284

The following defects in the form or contents of the international application have been noted:

The multiple dependent claims 5-13, 16, 17, 19, 20, 33, 25-29, 31 refer to the preceding multiple dependent claims, so the
claims 5-13, 16, 17, 19, 20, 33, 25-29, 31 don’t meet the requirements of Rule 6.4(a) PCT.




WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY PCT/CN2009/075663

Box No. VIII Certain observations on the international application

The following observations on the clarity of the claims, description, and drawings or on the question whether the claims are fully
supported by the description, are made:

The title of the subject matter of the dependent claim 38 is different from the title of the subject matter of the claim 37 which it
refers o, so the claim 38 doesn’t meet the requirements of Rule 6 PCT.
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TARE R LA FE = F @, EFRAETUALEATEY —A:
a) EVANEFTRERNEKE; b)) EVANEFTRGLEF X K] ¢)
EVANEFRGEFR K NEL; d) EVBEANAEF R FHHF>R
KA, B o) B RiEHMF &5, ATFTHRFTEVANMNEFREZ
B kg B ALE] . W B, EoF R ASGE T A LIEAIER $ 45, AT
(s -

EARBALANE =5 &, ZFREALTA LI ARATFD
BEFRIETIH;, RS HBAARETREIETH.

AR R LA E =Fd@m, ZVAANAEFRXTARKEA: a) £+
HEFR; b) FMMBEFTR,; foc) BEBEZETFX,

EARFEARLAAEZ =5 8@, EVRAANAEZFTRTALIELIH N A
Yk kb IR

RAFEALAGEE S &, —FFELR, O N NERgv X,
HEf NRAAEY H 638, SRdnddk, ATREDANANL:E
BARMEVRAANAEFTRNET RS, N /Mrig&sask, AT
W d R AKMAEE R ERRESE, ATHRIRGFBRAZEFTR
B REEZVANEF R RE.

HAREARL PO FE W&, L TAE i, #@4F5E. &
ZKiBIEIRE. BB XEFLE. B FRERF A 0E.

EARYE AL B F v o5 @, BN SR S Fe i N/ 4k B
o LA 2H A,

WRIERKBOE L T, —MFRESE, & A THEKER T
BB R RSN s, LPZE 4R ARTBALRZG N A
UnBE T RO E T ANEFTR, P NEZMEESH 08, AR
ATFREFRELAKATEVRAANAEFRGKRSGIRSG ZIEFk,
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TARBE R LA E B H &, REBZIFETARE RS F1E A
A AN S AR E, FEEFHANM SRR ERGEHRE
W AR ) BANIR G5 33 K 34 B 43%

REPEGRYP LI R RT AT A E:

- BRBEAGETEEEEFR S B AL K E R, UMERIE
BTAEFHTHRERRIEZFRRES;, FH

- BFRFEAFETRRAR mu’TWJf'% ( scalable) .

M B 3L

AHT EFHERALPHHAEFB G, 2AFX THL0HEG#
mAgR, EWEF:

A 1-B 3 A THRERAHE R ESFFTRGIBKBEFTREMN
& R
A 4 2 FHRERL PO EZHBIMIEILE (L) LiEP) L%
(RF2E) VR FTEAAEARBTEFTREMYGESFTRAKGER; A

R

B 5 AT HERBEALANG FZHRCIAZEMRE (L35 ) REIRE
(B &E) T RERTENRXRMGE A E SN AEZA.

a,
i~ 4

s

i%ﬂd?*ﬁ%ﬁéﬁﬁii— ?% FERRH Fde, ATudmniks
B RO B BAATE T L EBRSGE, ARG B X LS

W AR R EJJ-\ Blhe, BT HIRES RS LFHN Z B
%9,ﬁ4ﬁéﬁﬂ&%éﬁkﬁﬁ—? Ae. s T AR ([22RETF ) 3+ FA.
BAE KL, RLBEFRE. REXNLTERE. B0 TESES, B
W, 45 5.

ARIE AR K BRG], B ZEARAEHIEIRE (H4, DMP &
F %, X T DLNA ¥ ) £33 L% X (Fl4w, DMS ( DEKSI 2~/
BEIFBELE) RE5E, LT DLNA ¥ ) B, BB LEHRTT
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SIAFRNEFRELR (REZEAFRELH) FHE S —A. FTEA
ZO¥E, ARRT, EFXNEE (Fl4e, HHEFTKX, HESS
AR, EMAREFTRE, F), EFRKAD, R F4E,
Rk K (#Fl 4=, RTP 3k 5 #9854, £ JL IETF RFC 3550, “RTP:
A Transport Protocol for Real-time applications” , 2003 F 7 A ) , ¥A
B AAE F X Z 8 i), m B, LARE AL A EEF), 4
MBALEF T HAERG I AL, HZLFHARAML 26.234
v.6.2.0 “Transparent End-to-end Packet Switched Streaming Service
(PSS) Protocols and Codecs” .

X F 3GPP3GPP2 ¥ 1 4 WS A RABERA Z R E X, FALE &
4 RTP (S0 ) RKkAFFH. o REFAREF KRR, HF4&
KEERSBRAEZ VAN EFEMTIEZ A (Flde, HSFHEF X
FMBABETR), FEANEFRGETENST TR ESEAR
Fa e, APAHAE LT 3GPP F= 3GPP2 ¥ a3 M BLE 4 KE T L%
FAEXL., RBERLRGG ERE, BEHFE T R ABNBKLEE S0
BlRZER, AERBETUHEBBEANBRELZ +RRE, #lie, A
FiE 4k £ A,

ARYE AR L B8 LB, Blhe, EAFRXAEKTAEL (BERET)
i A

B RGEKFE, B, BTEKBEFROKT;

B R KA, B, ATFHEANEF R T;

- B RK AL, BP, ATEA XK. HAT 3GPP FBS

(ZREAFRZNE) FE (Fld, LIERMAE 26234 v.6.2.0
“Transparent End-to-end Packet Switched Service (PSS) Protocols and
Codecs” ) T 6.3% 64 FH 93k, XIANSE (BF, FBSHF &) 7T
DS I AR T ERKEF VR (Flde, —DRTAE
XA A 128 FH H 45 )
HoFR K KA, BP, £ X P eI RTP ( 2 HH3L) 3RK K
AN
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C B EAEE LA (REBLE A RAERAE ) BRI BRI TAELE
R Z 8] 4% AT AT AE Hr AL

- IEARIER ¥ 4w, Bp, ¥EAER R ¥4L; 4 A7 3GPP #EAaaE R
F XA vA ms AHFEAx; IAMMTFTHA TEBE N E4E, F.

EARIE KK B 49 R, 45 5 R AT AE AL B 2 AW asldy WX
MAARE, TR S AT AE (2 FRF ) RTSP ( 558l )
SDP (&£ # &AW ) , XML (T¥# R4ritiEZF ) , RTCP ( £
B ) , Fl4e, APP (A ) 428 3% RTP/AVPF (#LUF 45 42 B AR )
%,

kML, WARIER K A LB, TASTE F R X ZAAE RG-S
BE, FABEmMTALS LR AT oy —2k, Hlde, 84 R AT
VA GLIE T 51 —2EH 48 R A

- AL IR TR AR AL 2548 AT

a) EHMABEFRIETHLZ 1B, FIE SN
R+, HBAFEAR TF1E2A FOAM% BT ENRIZS L BB E
(HRD) v #%maEH1%% X (CPB) ;

b) BMAMARBEFRETHFZ 0N, WIMFAMBAREF KRR
HE (B, EH5E#/HEFTREIFT ) RETMAIRLE A+ K GBRE
A ARG, VAR

- I JE R AL RIS T

a) BEMMBEFRIBTHZ 1, HIE SN E HED
REF R, LRERRE TR P QIR % AT A ABE LA E BB E
(HRD) + #4944 B %42 % X (DPB); Z=% HRD ¥ & A 484 DPB,
MABEKBOLSZNEHAFAEFTR, o TFI8E: 4R B R HE IR
FReMegmEmE AR, NWE) N EHFEFTRERREGEN, RF
4o R ARYE MPEG (# 3h B4 K41 ) 4774 (#) %=, MPEG-2, MPEG-4
o 2) REREAFAE H263 ¢ B BEALETELAF, VWHRNE
HeFE T RERF—AEAE;

b) YEMABREFTRIETHAZON, EMMEBLFRGF4

10
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AR A $B 2.

S R4 TG AN, MLABERTHETRRIEEE
e ZHHEAFRAE (2eREAHE) EXXEFTRE, ;FAELA
A EWHENE, ATAREAHMKFELT (ADU) , FEEN
RTP Rk #= RTP F Rk FH. Rtk A% EH3. LA T
AR X EFABAEET R RRMLIETHTOE TR KT,
B AR THSFT 1IN, RLRTABEAREF/REBRABE TR
I AE R P R AR S AL B B Ae B E.

TEHE—NBEHET, RIBRLAGEKG, ARATFEAT
5 BB A A R 49 RTSP ( EBAWL) -

url="rtsp://server.example.com/media.mp4";

NB=2;

BF1(& —% # X X ~)=5000;

BSUIL(% — £ 7 X X > ¥4%)=1024;

BF2(% — % #F X X +]~)=800;

BSU2(%# =4+ X K] 3$45)=512;

PHS(ZF 43k 3k K N)=12;

BTM(4 ¥ R A5 #rdu4])=0; vAZK

PDU(#% 5% 3£ iR %-{5)=10.

ZARY | EFRK) |(EAFREA R o-FR Sk
(NB) (BF, 3) | (BSU, %% )| (PHS, %)
1 5000 1024 0

2 800 512 12

F—2F X KDAE 5000%1024 FHAHAALE L4 EX KD Z
800*512 F % . F—EF K 84643 RTP RkFF4, EIH5IR
IRNRBEFTLRE, FoEGFRELAS 12F VSR A. H1EA
H.264 RTP 4 47( A JL IETF RFC 3984, “RTP payload format for H.264
video, 2005 F 1 A” ) PR X 440, 4o RTPHR A KRNI EZ2EE
.

11
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) o, E 0 R K IS AT A AU B g R A . R AE A 0,
ARA 64 FHHEARBMIEF. wRAH 1, AL 128 FFTLEF K3k
WAL . e FALA 2, ARAL 256 FH L K4k A, vAsh K,

g XA e (BTM) Tk T a3

0 BF—gFREFTGEEN, WE—LFEK (Fle, £+
) ¥ = % 45 s B

-1 ARAE S 4H 69 I 8] AL H S5

cD ARE MR BAB AR, Glde, AT LA 30fps A B F T
vA & 50fps;

3 AR B HE—E A R A HE, KBRS R T

4: R B R AR AR LS 8 E AL AR LR .

vh £ BTM #4 & LA — A5 F 5 A& B R B 3 F 69830 o9 3
A BTM £ X Z T LAy,

VA _E 5] F 4 3% LR ¥ 45 (PDU) 162 B2 10x, £ &ERAH
6] 45 PLAE 2 10ms. Blde, 4o R FHAIEHIERZ 200ms, AL H{A
2 2000ms. A F T AL AL A —bd4F. e RIAEE 1, NiE
45 Ak BT A —AV ey 1/100, doRIHFR 0, FRAIZFEREATAE
.

Gz E, BB AL LES, 2EFREEAKTAPALA N
NGBS ARG E YV AAEFR, P NEABES A GEHL. @
H, EVAANEARTQELSI NALBE T K NA AN ANEIH
s X Pk e R,

A 4ARE AL PRk, 7~ T HEEBGE T, ZEEHHEHAT
BAT ARG 11 PAIENE (&%) 12 233 K28 (RFF) 1489
R REMYEFTRARKYETRE., 43 23 TARXARET
AR E, RERAHTAEEA (AR) 155 22 93k, BApRBE
200 Gl 4ok B FIRSE 14 89 S EARIR S BB /4R 12 &4
N A%+ K 16-1, 16-2, ..., 16-N1, #HER| s fsk 18, A%
lde 18 £ S DM/ AE 20, BT, RFET A

12
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FAE LA ARG R SREEHM, SIBHMA/ RSBk 24, RGBS
P26 FeRSBEFEI28, VA TARLFAE M.

FRAB VA L RE i e R K O G E A, B 4 Fag Ak is sk 18 ¥
& N A~k 4R (16-1, 16-2, ..., 16-N) 89 EZ VANEF R &
GoF R AKBAASLH 20, 320 K2 RSN (F5 10) RELK
535 14 A0 B 24, HARMEERERERIIRSE 14 9IRF B
FER B 26, B 26 A BN BT R ABAR LS 120 E VAR
FRERE., ATFERE, RESE 14 (EARSBIEFR 26) T
1% R TR A W) 3E BeAd ik Bt B4 A E B e i ig B BEAK A BAE
B 22 IR 3 14 (AP 24) K& B8 12,

RIEARK A EHH], 3 20, 18. 24. 26. 16-1, 16-2, ...,
16-N F= 28 7 A 5E 36 H 3k . BEF 3 R F e 169484, FFH, 3 20.
18. 24. 26. 16-1, 16-2, ..., 16-N #F= 28 3 vA 5L 36 4 5 FF e 3 R A&
[ AARLSS 12 RIRS 2B 14 69 HAn a4, oA E T ARETE
11184 3 BEA o AR JLAN 3.

B 57t TARBEARLZPEH 4B, BAT ABIZ RS 11 FRIE
BB (43%) 12 KSR LER (RFS) 4B TEFTREMEGE
FRAEBGIEFETRZGAER,

B 5 #hARBERRE— AL T TGS T. £FFTF, RIE\ELX
KON E — G, EH—FK 40 b, L35 12 RBALP Y L6
BIAEREVANEAFRGEF R ALK, AKX ERYE (F5 10)
KiABREE 14, ET—FF, 42 F, RFE 14 TRk aksn 12
METREAK., ET—FR 4 F, RER 14 BAEFREAHAL
EVAANEAFRGRE., ET—F% 46 F, RHFB 14 REFEZKRS
HHAZ A TR RN E TR, RE, ET—FRA8 T, RFH
14 4 A S ag A ik 2 RBAR AR (F5 22) LA B35 12,

do b TG, RAAXARBT Fikftameyii&mAE, RKEH
BT A FRATT R TG GG B Fr A R . BR T LA KA
R, RAETUAREAA TETENLEZPIATHRAEREHN.

13
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A, EBEMHFRKFGEL T, KEATAMPBHEA Q&L F AT
IR G E N IT AR T e, THEMT R G4EM L LR
B it E WAL 32 BIAT Y EAAE SR (B, REREH) .

MLz M, LEMBRA BB ARAREARNL N R LR EE, K
15K BB BT AS RAABROBRRARLERHE AL EH
HETIR TRk, FEHHRAEZRERAER & IHNERIE.

14
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/ 40
sk BIF AKX R E Y BAGF GGt KSR E RSB
| 42
RS BHUCR ) TRBNET EAH
- 44
REBEAEFREEBALEY BAEFT EORS
3 / 46
B4 BARE R A SRR TR AN E Rt
3 / 48
R4 B4R R 16 B 69 A% Hirit M6 A BA R B 50
A 5
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200910138635 7 w # E Kk B F1/300
I A RREAR SRS G, EREET, Gl
BUEE TR PFERENE —ZHRERE, KBRITEE —ZHREREY
GEORER
BUCR G TAAR P REHE S ARERSE, KBATESE 4K EWR

& 1A 8

YRk SR ARSI A B EARSIRE R, AR TR S AR
AR 49 1 015 SRIRFT R 5 ZBA R SR e At A i E &

WAB P ik — B AR SR A2 6 5 R B B AR A IR 0 A e te
AT 8, IR Pk E R A LB R B IR b AT RR A 6 A
KA

2. BABRAIER | ATE ek, RHIEET, FTRS —EARAMRE 4L
12 8 AR ATIA B — B AR AR WIS . FH S B i iis &, A

& 5 AR AR A 1R 6 LS T R B T4 AR A R B L A T

Qe

3. RBEARANERR 2 AT &, BELET, FiEE - ARERE M

YA AE Q0T B b
L =Fxa+S;

B, AR A FATE R — B A RESRE B H15 8, FRTASHE —
BAREREND T, SETERE S HRKEREGTMT, a AFH, £F
Fo R ol Ao T2 8] A9 ASE K B

4, AREAFIEZR 2 TR Sk, AHEET, SAEE B HREREH
EHEAREREN, AAMESE —E5REREGEHELRRITESE =

R AR WA A B AE 6 L
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BOR o' ok P OFE2/30
IR =48 BRI E 60 T4 K30
A TR TAE KB BT iR B — 48 K 534 a9 45 fir A
FAH:

z 8.
E NN

%A REREWIAENAZ & LR R EREME e H iR Loyt B

PRI E 5 —
L =Fxa+8,-bxR;
HF, PR LRTFES R FRERE G EERIZE, FRATENF
—ZARERENM T, SSEATHRE S ARERENG TS, RATHES
B AERESMENEL AL, a AFH, RTREM P WifaF i 8 eg284X £,
b AW, RTESAEAREHE G E TS,
5. RABAF|IZ R 4 Frideg 5k, BRHAEET, PrdRBATER P ig&RL
BB EERERENA AT T RIBEAEARESRE LIRS
ARFBEPITE R — B A REREN NS ERZENAL RS —H 6RERE
) ANIEAE IS B 691E, RIRER B KA E a2 4 RARE A £
AR RAELGEFRSRE.
6. —FFRREARESMEGEE, HHELET, &
ARERSE

HAEA, ATHAEME TR RGNS —SERERENRSE %
BAE T AR 1015 &

RIRFEA, A TFIRBATEBPCE AN F—Z A RESRE O H1E 80
Fde AT &
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200910138635 7 BOR o' ok P OFE3I/3N

HH B ARERE QBRI E, RRIAR P RERELEGERE
HBEM N LATRRPAENE FRERE ..

T. ARFAAIER 6 TR EE, RWMEAET, TESE —ZARERENE
W13 8 QAR — B ARKEREFTBMT . FMFTAB b5 i15 8 Ak
FoZERERENHEMEEOEITERE S A REREIBM T T INT,

8. ARIEARANIER T PTEMEE, LAFMET, FFiEmisiEfiz &RRET
a.4%:

EHRIPGRIARS, AT LA E —E HRERE A X HELGRERSE
B, BRI =& K ESRE 69 T4 R4

I H AT CRBAER, A TARE TR S/ REBUBRT RS 2 A RER
HEEAE 8, RIRATE S 8 R SIRE 6L iiE 4.

9. ABRAEARFNZR 8 TR K E, LFMEET, AETRYRELCE:

podiARd, B FRATEE —ZAIRSRE LB HIZ LA FiES =
SR SR WA 15 B0 A AT MO

ZARSHE AR, A TARB IR iR by rbdi &2 R, RIRFTiE /A
PRGBS EA R EIRE A EATH R R AR S

10, —AFAkss, HAFMEAET, QRN ER 6-9 TR E—EF,
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RBGHAREREN T R, KBRS

FARATIR

AER G BBATH ALK, LEFR A RRELKRESHENFT . £ F
Bk
#FZEAR

LTE ( Long Term Evolution, K #17 # ) & UMTS ( Universal Mobile
Telecommunications System, @A B FHEF A4 ) KIRHME . AAHRKRF,
A ;%% UB @it BSR (Buffer State Report, A4 KAERE ) RGO Kb FIRAE
UB 692 4 W S5 K i 09 PAS 69 338§, AMRIF A SEIRAE FTiE BSR B4T LATH
BAAE., ¥, BSR &Y LIRS KT 5 #AAr: —H2 L3R4 BSR, P F3R5 X,
AR LR N T HFESENEAFRE; B —F 2 LIRK BSR, A FIR T X
T LR AT ARS8 2R 69K IR A

@it UE _EJRey BSR, HSETRFE NV w T 15 8

1) S8 UERZTAHBASFRLRE, ZRAME, Nk bE B HTHE H
48 0 44 BSR;

2). H# UE ZFA VOIP (Voice over IP, i#iit IP W &AL i£iE 242 6. ) Jk
FHBEELE, BERAGE, WA ASEL AT HATHE 520 1 49 BSR;

3). HAT UEFLEL e EHEE.

W LT A, T MR Y7 UE L3R 4G BSR 2 %eky 2 ab i 5 M6t
MR R E X —, EIRHBRF , ASE—B R KA B R AL 3] 69 UE L3R e9 BSR
A Z ATHENCE] 69 BSR 49k R 447 UE _LIR44 BSR. 4L3t2 3, &K1k P) UE
LR 49 BSR &, Asb4A A &FILE) ¢4 BSR B £ 55Tk F) 49 BSR, REARIER AT 49
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BSR #t4T AT FRAE.

{22, BSR ZAEAH—Hr4F k49 MAC CE (Control Element, 24155 ) #¥ &
MAC PDU (Protocol Data Unit, PRX4KIBEHET) J BEAT LIRGG, ol T453 5 R
$BE, PP MAC PDU AASHTA P THARM A, K5 EEERIE M
& 3% MAC PDU, ARFRXAFAM, ZINA LK P KA HARQ (Hybrid Automatic
Repeat—-Request, b f #hE4EEK) F AR RA S MAC PDU 1E4y % W oh B 20, i®
TR 8 A~ HARQ #h A2 5L L. BAAEF UB £/ — /A~ HARQ 2 X 2 2 B, K
FRZFAEEQGAAIA (ACK) R4, sheT A gk 4 R A F—A HARQ A2k K %4k
.

FERPALRAITREY, LPALXRINARRF £ G4 T FA:

A BT 69 BSR 4idP 5 %+, & -F UE K i£69 BSR T4 45, Euk,
A 35T B 49 BSR 693 R — & %% UE UL & i% 449 BSR, A 35% 24848 UE &
IR E 4G BSR o AR SR A 69 AT EAT R 69 R L
EAAE

AR ZARBIRB— AT RIBEAREREG T, AE. KE, RBRE
A SE AT EAT TR 69 R 2O,

Tt

AR FAEBIRA 2o FTRAF K

— M IRIRE AR ERE Tk, @i

FHRETFTAPRENE -2 HERERSE, KRFLE —EAREREHY
1% 41 &

B TR RENE L ARERE, RRAAES —EARERE
(X EW

HATA R —RBRSREAETHENEFREMEN, FATESE —E AR

6
Page 36 of 284



200910138635. 7 WO B FE3/10;

BARAE R 1E GRIRATIE B — AR AR E G de A5 415 &

RIETER - GRERENERIZES RS R FRERE G4
WS 8, RPN P RERELZNEARSIREEN TR R AENE S
KERE.

—FRBEHRERENEE, 0%

BRI, ATFHEUCRETAPFEENE —BAKREREURE % 5K
ARk

RIS, TR RIS ARG B — A5 R SIS 69454515 804
BT IR IR TIN5 =& ARSI G015 &

MIEAEAE GIRIRET, AT HHMAEE —EAREREATEHNELRE
wEn, FIRAAAERE G ARESREGERIZERRATEE — B 5KERE Y
F R P A

ZAEREREATEA, B TRFEFMEF —ZAREREGEHIEES P
RF ZEERESREGBERRFTE, RERATAR P RERELENELRE
AN AT TR B AIRERE.

—ArE s, @ G EK 6-9 FFRMIE—EF,
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COMPRESSED BUFFER STATUS REPORTS IN LTE

RELATED APPLICATION
This application claims priority to U.S. Provisional Patent Application Serial No.
61/018,910, filed January 4, 2008, and entitled “Compressed Buffer Status Reports in LTE,” the

entire contents of which are incorporated by reference herein in their entirety.

TECHNICAL FIELD
The present invention relates to wireless communication networks in general, and in
particular relates to methods and apparatus for reporting uplink buffer status information for a

wireless device to a wireless network infrastructure.

BACKGROUND

Radio access technologies for cellular mobile networks are continuously evolving to
meet future demands for higher data rates, improved coverage, and increased capacity. An
example of recent evolution of Wideband Code-Division Multiple Access (WCDMA) technology
is the so-called High-Speed Packet Access (HSPA) developed by the 3rd-Generation
Partnership Project (3GPP). Further evolution of 3G systems is ongoing in 3GPP’s Long Term
Evolution (LTE) initiative, which includes the development and specification of new access
technologies and new system architectures. Details of the LTE system are provided in “Evolved
Universal Terrestrial Radio Access (E-UTRA) and Evolved Universal Terrestrial Radio Access
Network (E-UTRAN); Overall Description, Stage 2, (Release 8)", 3GPP TS 36.300, v. 8.2.0,
September 2007.

In LTE, the uplink MAC scheduter resides in the eNodeB (evolved Node B, the LTE base
station) and assigns uplink transmission resources (resource blocks) to wireless terminals
served by the eNodeB. Furthermore, the scheduler selects the transport format to be used by
scheduled wireless terminals, including the modulation and coding schemes to be used. In
order to perform these tasks effectively, the scheduler needs information about each terminal’'s
current buffer state, i.e., whether a wireless terminal is currently buffering data in its uplink data
queues, and, if so, how much data. The scheduler may also need further information, such as
the available power headroom, or the transmit power used to estimate the uplink gain, in order
to select a suitable transport format. Very precise and up-to-date scheduling information
permits the most accurate scheduling decisions. However, providing this information from the
wireless terminal to the eNodeB comes with certain costs, including signaling overhead, which
must be balanced against the scheduling efficiencies that such information facilitates.

In practice, comprehensive buffer status information received at a serving eNodeB may
frequently be outdated by the time it is used in the scheduling decision. For instance, between

the time that buffer status information is transmitted by the wireless terminal and the time that it
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is actually used by the eNodeB, new data may be buffered in the wireless terminal for a radio

bearer having a higher priority than that of any previously buffered radio bearer data. In other
cases, data may be dropped from the buffer due to delay constraints. However, without any
additional information the scheduler has no indication if the previously scheduled grant was
enough, or whether a large amount of data is still left in the buffer. A grant of too many uplink
resources results in padding, which may reduce the system capacity, whereas a too small grant
causes extra delay. Thus, optimal uplink scheduling requires up-to-date information. However,
frequent uplink signaling of buffer status consumes valuable system capacity, which is of special
concern in high load situations, where the system is operating close to its capacity limit. Thus,
uplink signaling of buffer status should be evaluated carefully with respect to the need for
carefully scheduling each mobile terminal (and implicitly each radio bearer) appropriately.

A detailed buffer status report may be quite large in number of bits, and, if transmitted
frequently, causes considerable signaling overhead. For many applications, the buffer status is
continuously changing — for instance, the TCP protocol frequently increases and decreases its
congestion window. In such a scenario, a rough buffer indication that is frequently updated may
be more useful than a less frequently updated, but more comprehensive, buffer status.

Buffer reporting mechanisms for LTE are currently being standardized in 3GPP. The
general objective of buffer reporting is to report to the eNodeB the amount of data stored in the
wireless terminal’'s buffers for transmission. The eNodeB uses these reports from various
wireless terminals to allocate resources to each terminal, and to prioritize resource allocation
between different wireless terminals. The objectives of the LTE buffer reporting scheme are
described in 3GPP's TS 36.300, v. 8.2.0, as follows:

Uplink buffer status reports are needed to provide support for QoS-aware
packet scheduling. Uplink buffer status reports refer to the data that is buffered in
the logical channel queues in the [wireless terminal's] MAC. The uplink packet
scheduler in the eNodeB is located at MAC level. Uplink buffer status reports
may be transmitted using MAC signaling (e.g. as a specific type of MAC control
PDU). A way to separately signal buffer status reports for different QoS classes
may be used. To define the exact content of buffer status reports and the
possible use of physical layer signaling are FFS [for future study].

The buffer reporting scheme used in uplink should be flexible in order to
support different types of data services. The buffer reporting criteria are setup
and reconfigured on a per user basis or per radio bearer basis (FFS) using RRC
or MAC signaling (FFS). The use of System Information should also be
considered for the initial setup of default buffer reporting criteria (on a per cell

basis). Constraints on how often uplink buffer reports are signaled from the
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wireless terminals can be specified by the network to limit the overhead from

sending the reports in the uplink.

As noted above, it is useful for the eNodeB to have as accurate buffer status as
possible, in order to prioritize resource allocations between wireless terminals and to decide
how much resources to allocate when scheduling a wireless terminal. However, buffer status
reporting may consume a large number of bits; if transmitted frequently, this could represent a
considerable overhead.

As of the writing of the above objectives for the LTE buffer scheme, it was still
undetermined whether bits in the MAC header should be used to transmit uplink wireless
terminal buffer status information. Such bits in the MAC header dedicated to buffer status
reports are often referred to as “happy bit(s)". As of the date of the above 3GPP reference, two
reserved (R) bits in the MAC header and in the MAC subheader format were available.
Accordingly, alternatives proposed within 3GPP include the use of one or two bits in-band with
the transmission itself, such as in the MAC header, to signal buffer status. Under one proposal,
these bits would indicate the amount of data buffered for a radio bearer corresponding to a MAC
SDU (service data unit). In another proposal, these bits would indicate whether there is more
data to transmit by the wireless terminal based on prioritized bit rate (PBR) bearers, per MAC
SDU. Finally, another proposal suggests that two bits per MAC PDU may be used to indicate
the total amount of data in the wireless terminal’'s buffers.

Current solutions for buffer reporting have several problems. First, there is no efficient
means for the wireless terminal to report uplink buffer status covering multiple radio bearers of
different priorities. Normally, a complete buffer status report can be used for this; as noted
above, other proposals include the use of one or two in-band bits (e.g. in MAC header) to
indicate whether there is data left in the buffer for a specific bearer, or the total amount of data
for the wireless terminal. Second, a detailed buffer status report may be quite large in number

of bits and if transmitted frequently would cost considerable overhead.

SUMMARY

Solutions to these problems are addressed by the various techniques described herein.
Disclosed herein are various methods and apparatus for producing a compressed buffer status
report. In several of the disclosed embodiments, this compressed buffer status report includes
a field of one or more bits that indicate an overall status corresponding to all or substantially all
of the uplink data buffers for the wireless terminal, along with one or more fields that indicate
buffer status for specific corresponding radio bearers or groups of radio bearers. Accordingly, a
small buffer report may be sent in-band with the uplink data transmission, to convey information
about the status of the wireless terminal’s buffers, both for all the buffers (i.e., collectively), and

for each of several high priority radio bearers or groups of radio bearers. Thus, a buffer status
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reporting method is described where information is continuously sent for radio bearers (or

groups of radio bearers) for which data is buffered by the wireless terminal and for which data is
being transmitted, in order to avoid over-provisioning of radio resources and padding in the
transmissions.

In an exemplary method, a buffer status word is formed, the buffer status word
comprising one or more radio bearer status fields indicating status for corresponding radio bearers
or groups of radio bearers and a user equipment status field indicating a status corresponding to
all or substantially all of the uplink data buffers for the mobile station. The buffer status word is
then transmitted to a base station. In some embodiments, the buffer status word is transmitted as
header data in one or more data packets or control packets. For example, the buffer status word
may be transmitted as one or more fields in a MAC header for a MAC packet data unit.

In some embodiments, a mobile station comprises processing circuits configured to
carry out one or more of the methods described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates an exemplary LTE wireless communication network.

Figure 2 illustrates an exemplary uplink protocol architecture for a mobile station.

Figure 3 illustrates uplink scheduling functions and related message between a mobile
station and an eNodeB according to some embodiments of the invention.

Figure 4 illustrates an exemplary buffer status word comprising a user equipment status
field and several radio bearer status fields.

Figure 5 is a logic flow diagram illustrating an exemplary method for providing buffer
status information from a mobile station.

Figure 6 is a logic flow diagram illustrating a method for encoding a buffer status field
relative to a previously reported status.

Figure 7 is a logic flow diagram illustrating a method for encoding a buffer status field
relative to a previous resource allocation.

Figure 8 illustrates a MAC PDU and the encoding of a buffer status word therein.

Figure 9 is a block diagram for an exemplary mobile station according to some

embodiments of the present invention.

DETAILED DESCRIPTION
In the description that follows, inventive techniques for providing buffer status
information from a mobile station and using that buffer status information are described in
relation to the 3GPP’s LTE standardization effort. However, those skilled in the art will
appreciate that these techniques may be applied, for example, to other wireless systems where
buffer status information is or may be advantageously used for resource allocation decisions.

Thus, the following description should be viewed as illustrative, and not limiting.
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As was noted above, the design and specification of the next generation of wireless

communications networks is ongoing within the 3GPP in an effort known as the Long Term
Evolution (LTE) initiative. Along with the definition of new wireless interfaces, a new core
network architecture is also being defined. This definition is known as System Architecture
Evolution (SAE). As shown in Figure 1, an LTE/SAE network includes two types of network
elements supporting user and control planes: an enhanced base station 110, called the Evolved
NodeB or "eNodeB”; and the Access Gateway (aGW) 120. The eNodeB 110 provides the LTE
air interface and radio resource management, while the AGW provides a mobility anchor point
for the user plane and provides a gateway to IP Service Networks 140, which may include the
Internet, intranets, and other IP-based service networks.

Figure 1 also illustrates a mobile station 160 connected to an eNodeB 110. The terms
“mobile station,” “wireless terminal,” and “mobile terminal,” as used herein, are generally
synonymous with each other and with the term “user equipment,” or "UE,” as used by the 3GPP.
Those skilled in the art will thus appreciate that these terms may apply to consumer handsets
configured for operation with one or more wireless telecommunication standards, such as
3GPP’s LTE standards, as well as to wireless cards for use in portable computers or personal
digital assistants, wireless modules for use in automotive, telematics, telemetry, or fixed-
wireless applications, and the like.

Figure 2 illustrates a general overview of the LTE protocol architecture for the uplink
(mobile station to eNodeB) as implemented in an exemplary wireless terminal 160. Other
wireless networks may have similar protocol architectures. Data to be transmitted is provided to
the Packet Data Convergence Protocol (PDCP layer 210 in the form of IP (Internet Protoco!)
packets, and is processed by the Radio Link Control (RLC) layer 220, Medium Access Control
(MAC) layer 230 and the physical (PHY) layer 240 before being transmitted to the eNodeB as a
Single-Carrier Frequency-Division Multiple Access (SC-FDMA) radio signal.

Briefly, the PDCP layer 210 performs IP header compression to reduce the quantity of
data that must be transmitted. The PDCP layer 210 may also perform ciphering and integrity
protection functions. The RLC layer 220 is responsible for segmentation/concatenation,
retransmission handling, and in-sequence delivery to higher layers. Those skilled in the art will
note that the RLC layer 220 provides services to the PDCP in the form of radio bearers — thus,
an RLC entity is active in a wireless terminal for each configured radio bearer. A radio bearer
may be understood as a service providing a defined quality-of-service (QoS) between two
points, in this case between the mobile terminal 160 and an eNodeB 110.

Below the RLC layer 220 is the MAC layer 230, which processes logical channels
supplied by the RLC layer 220 to produce transport channels transmitted by the PHY layer 240.
The MAC layer includes muitiplexing and hybrid-ARQ (automatic repeat request) functions,
while the PHY layer 240 performs coding and modulation operations. Where multi-antenna

transmission is supported, the PHY layer 240 may also perform antenna mapping functions.
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In an LTE system, uplink scheduling is performed at the eNodeB, and dictates when a

given mobile terminal 160 may transmit, using which resources, and the modulation and coding
scheme that should be used. Thus, as shown in Figure 3, an uplink scheduler function 310 in
the eNodeB 110 signals the mobile terminal 160 of a transport format (TF) selection

Uplink scheduling is dynamic, and is performed for each 1-millisecond transmission time
interval. As shown in Figure 3, the scheduling may in some instances be based on uplink
channel quality information, but is more generally based on status information provided by the
several mobile terminals served by the eNodeB 110. Thus, according to some embodiments of
the present invention, status information corresponding to several radio bearer buffers 360 is
processed by status/priority handling function 350, and signaled to the uplink scheduler 310 in
the form of one or more status messages.

Importantly, resources are not granted to the mobile terminal 160 by the uplink scheduler
310 on a per-radio bearer basis. Rather, a single resource grant at a time is provided to a
mobile terminal, and the mobile terminal determines for itself which radio bearers should be
serviced, and when, based on priorities and/or prioritized bit rates for each radio bearer. Thus,
as shown in Figure 3, a MAC multiplexing function 370 may multiplex MAC SDUs (service data
units) from one or more of the radio bearer buffers 360 into a single MAC PDU for modulation
and coding at PHY modulation/coding function 350. This multiplexing is generally performed so
that each radio bearer is served in priority order, up to its prioritized bit rate, based on priority
information provided by status and priority handling function 350.

Those skilled in the art will appreciate that uplink scheduler 310 could operate most
efficiently if it had status information for every radio bearer buffer 360 in every mobile terminal
served by the eNodeB. However, as was discussed above, signaling such complete information
requires uplink resources that may be in scarce supply under some circumstances.
Furthermore, especially in a heavily-loaded system, such data may become obsolete before it is
used by the uplink scheduler 310. On the other hand, the use of “happy bits,” which provide
only coarse status information, e.g., whether the mobile terminal has data queued for
transmission or not, may not provide enough information for optimal scheduling, especially
when data is buffered for multiple radio bearers having different priorities.

Thus, Figure 4 illustrates an exemplary compressed buffer status word 400, according to
some embodiments of the present invention, that may be used to provide status information
related to a mobile terminal’'s overall status as well as buffer status for one or more specific
radio bearers, or groups of radio bearers. As will be described more fully below, this buffer
status word may in some embodiments be transmitted in-band, e.g., as header data in one or
more data packets.

The buffer status word 400 pictured in Figure 4 includes a user equipment status field
410, designated “ue_status” in Figure 4. The ue_status field 410 indicates buffer status for the

entire mobile terminal, i.e., for all or substantially all of the uplink data buffers for the terminal. In

6
Page 53 of 284



10

15

20

25

30

35

WO 2009/088334 PCT/SE2008/050817
some embodiments, this may be done with just one or more bits, although more may be used in

some circumstances. The buffer status word 400 also includes one or more radio bearer status
fields 420, designated in Figure 4 as rb_status_1 to rb_status_1. In some embodiments, each
rb_status field 420 indicates the current buffer status for one specific bearer, e.g., for the highest
priority radio bearers of the mobile terminal, although an rb_status field 420 may in some cases
correspond to a group of radio bearers. In either case, each rb_status field 420 may typically
include one or two bits, although more may be used.

The one or more bits in ue_status field 410 may be encoded in various ways to signal
the overall status of the mobile terminal's buffers. For instance, a singie bit may be used to
provide an indication that the mobile terminal needs more resources. In some embodiments, a
ue_status bit may indicate simply that some data is buffered. In other embodiments, a
ue_status bit might indicate that the total amount of data buffered exceeds the currently
scheduled transport format size. In yet other embodiments, two or more ue_status bits might be
encoded to signal a total quantity of data buffered in the mobile terminal. In some of these
embodiments, the ue_status bits might indicate an absolute quantity of data, while in others, the
ue_status bits might signal a quantity relative to the transport format of the current transmission.

The rb_status fields 420 may be encoded in similar ways, although the rb_status fields
420 need not be encoded in the same manner as the ue_status field 410. (Likewise, multiple
rb_status fields 420 may be encoded differently, in some embodiments). As noted above, each
rb_status field 420 may correspond to a specific radio bearer, or to a group of radio bearers, as
well as to their respective priority levels. This association may in some instances be
configurable, e.g., by a Radio Resource Control (RRC) protocol. Thus, one or more rb_status
fields 420 may signal, for instance: whether there is data in the buffers for the radio bearer(s)
with the priority associated to the rb_status field 420; whether the mobile terminal 160 needs
more (or fewer) resources for the radio bearer(s) for the next resource assignment; whether the
prioritized bit rate (PBR) for the radio bearer(s) is currently fulfilled; or whether the level of the
bucket size approaches the maximum bucket size (“unhappy” — the mobile terminal needs
resources) or the minimum bucket size (typically zero - the mobile terminal does not need to
transmit), for a mechanism based on token buckets to enforce PBR and Maximum Bit Rate
(MBR) schemes.

In some embodiments, some or all of the above information may be encoded relative to
the previous buffer report (whether or not the previous buffer report was a compressed buffer
report or a more detailed status report), or relative to a scheduling grant (e.g., the current grant).
In some embodiments, the infermation may take into account the data included in the current
transmission, such that the data sent in the current transmission is no longer considered to be in
the corresponding buffer for the purposes of the buffer status report update.

In view of the preceding, Figure 5 illustrates a general method for providing buffer status

information from a mobile station to a wireless base station. Although the method of Figure §
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may be practiced in an LTE-capable mobile station, the method may also be implemented in

wireless terminals compatible with other wireless communication protocols, where signaling of
buffer status for multiple logical channels/radio bearers is necessary or desirable.

In any event, the method pictured in Figure 5 begins, as shown at block 510, with the
evaluation of buffer status for each of one or more radio bearers active in the mobile station. In
some embodiments this evaluation may comprise simply determining whether any data is
queued in each radio bearer buffer. In others, this evaluation may comprise determining a
quantity of data queued in each buffer and, in some embodiments, comparing this quantity to
one or more pre-determined reference quantities or to a current or scheduled transport format
size.

At block 520, the overall buffer status for the mobile station is evaluated. Again, this
evaluation may be as simple as determining whether any data is queued at all, or may comprise
a more complex evaluation of the quantity of data currently buffered, either in absolute or
relative terms.

At block 530, a buffer status word is formed, based on the evaluations of the overall
buffer status and radio bearer buffer status. In some embodiments, as described above, the
buffer status word may comprise one or more radio bearer status fields indicating buffer status
for corresponding radio bearers; each radio bearer status fields may be encoded according to
any of a variety of methods, including those described above. Thus, one or more of the radio
bearer status fields may be encoded to indicate a relative status compared to a previously
reported status, or relative to a current or scheduled transport format size, i.e., relative to a
previously granted resource allocation. In some embodiments, a radio bearer status field may
correspond to a group of radio bearers, where the radio bearer status field indicates the overall
buffer status for that group.

In any event, the buffer status word may further comprise a user equipment status field,
which indicates a status corresponding to all or substantially all of the radio bearers. In some
embodiments, one or more low priority bearers may be ignored in the evaluation of the user
equipment status, and thus not accounted for in the user equipment status field. In some
embodiments, buffered data for radio bearers corresponding to one or more radio bearer status
fields may be omitted from the user equipment status, so that the user equipment status field
indicates the total amount of data buffered in the mobile station less the buffered data
associated with the radio bearers or groups of radio bearers corresponding to the radio bearer
status fields.

Finally, as shown at block 540, the buffer status word is transmitted to the base station
for use in scheduling subsequent uplink transmissions. As will be discussed in more detail, the
buffer status word may be transmitted “in-band,” e.g., as part of one or more MAC PDUs. In
some embodiments, the buffer status word may be transmitted as header data in one or more

data packets or control packets; in some cases this header data might comprise one or more
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fields in a MAC header or subheader for a MAC packet data unit. In others, this header data

might comprise a MAC control element in a MAC packet data unit. Those skilled in the art will
thus appreciate that in some embodiments the buffer status word may be split for transmission,
so that it is transmitted in several noncontiguous parts.

Figures 6 and 7 illustrate additional details for encoding a radio bearer status and user
equipment status field, respectively, according to some embodiments of the invention. The
method of Figure 6 begins at block 6810, with the evaluation of buffer status for a given radio
bearer (or group of radio bearers). In the embodiment pictured in Figure 6, the corresponding
radio buffer status field is to be encoded to indicate a relative buffer status, compared to a
previously reported buffer status. Thus, the current status (e.g., the current quantity of buffered
data for the radio bearer) is compared to a previously reported status, as shown at block 620.
At block 630, the corresponding radio buffer status field is encoded to indicate this relative
status. Those skilled in the art will recognize that various encoding schemes are possible. For
instance, assuming a two-bit status field, one value (e.g., 00) might indicate a reduced buffer
status, or an empty buffer. Another value (e.g., 01) might indicate that the status is unchanged
relative to the previously reported buffer status. A third value (e.g., 10) might indicate that the
buffer currently holds twice as much data as previously reported, while a fourth value (e.g., 11)
might indicate that the buffer currently holds four times as much data as previously reported. Of
course, any number of alternative meanings might be attached to one or more bits of a radio
bearer status field to indicate the relative status of the buffer compared to a previously reported
status.

Similarly, the method of Figure 7 begins at block 710, with the evaluation of buffer status
for all (or substantially all) radio bearers for the mobile station. However, in this embodiment,
the corresponding user equipment status field is to be encoded to indicate a relative buffer
status, compared to a previous resource allocation, rather than a previously reported status.
Thus, the current status (e.g., the current quantity of buffered data for the radio bearer) is
compared to a previous resource grant, as shown at block 720. This may comprise comparing
the total quantity of buffered data to a current or scheduled transport format size. (In some
embodiments, the total quantity of buffered data less data accounted for by radio bearer status
fields may be used.) At block 730, the user equipment status field is encoded to indicate the
overall buffer status compared to the resource allocation. Again, those skilled in the art will
recognize that various encoding schemes are possible. For instance, assuming a two-bit status
field, one value (e.g., 00) might indicate the previous resource allocation is sufficient to meet the
current needs of the mobile station. Another value (e.g., 01) might indicate that the total
buffered data amounts to twice the current transport format, while a third value (e.g., 10) might
indicate that the buffer currently holds four times as much data as can be carried according to

the current resource grant.
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As noted above, the compressed buffer status report may be transmitted as header data

in a data packet or control packet. In some embodiments, this header data may comprise one
or more fields in a MAC header or MAC sub-header for a MAC packet data unit. For LTE
systems, the MAC PDU format is defined by the 3GPP's in “Evolved Universal Terrestrial Radio
Access (E-UTRA); Medium Access Control (MAC) protocol specification,” TS 36.321 MAC
specifications, v. 8.0.0, dated December 20, 2007. According to this specification:

A MAC PDU consists of a MAC header, zero or more MAC Service Data Units
(MAC SDU), zero or more MAC Control elements, and optionally padding.

A MAC PDU sub-header corresponding to a MAC SDU consists of the six header
fields LCID/E/R/R/F/L ... but for the last sub-header in the MAC PDU, which
consists solely of the four header fields LCID/E/R/R ...

A MAC PDU sub-header corresponding to a MAC Control element consists of the
six header fields LCID/E/R/R/F/L, but for the last sub-header in the MAC PDU
and for fixed sized MAC Control elements, which consist solely of the four header
fields LCID/E/R/R.

A MAC PDU sub-header corresponding to padding consists of the four header
fields LCID/E/R/R.

MAC PDU sub-headers have the same order as the corresponding MAC SDUs,
MAC Control elements and padding.

MAC Control elements are always placed before any MAC SDU and padding
occurs at the end of the MAC PDU.

In some embodiments of the present invention, a compressed buffer report as described
above can be placed in the MAC PDU header or in a MAC sub-header, or transmitted as a MAC
control element. The compressed buffer status report may thus be mapped to the MAC PDU in
a number of ways, including, but not limited to, those described below.

In some embodiments, a compressed buffer status report may be placed in the MAC
header for transmission to the eNodeB. An example of the mapping of a buffer status word 400
to a MAC PDU 800 is illustrated in Figure 8. Thus, as shown, the buffer status word 400 may
occur in the MAC header 810, before any sub-header. In these embodiments, the ue_status
field 410 is placed at a pre-determined location in the MAC header 810. For example, it may be
predetermined (or determined via RRC configuration) that the ue_status field 410 always comes

first (as in the pictured embodiment) or last in the compressed report.
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Each of one or more rb_status fields 420, each of which may comprise a pre-determined

number of bits (e.g., 1 or 2 bits), may be ordered by relative priority between radio bearers
and/or between groups of radio bearers. For instance, in some embodiments, the rb_status
field 420 corresponding to the highest priority bearer or group may come first. In some
embodiments, in the event that the number of bearers or groups of bearers exceeds the number
of available rb_status fields 420, then differential coding may be used to determine the amount
of buffer data for the remaining lowest priority bearers using the UE status less the sum of all
data reported using the rb_status fieids 420. Alternatively, the last rb_status field 420 can be
used to convey this information.

In other embodiments, the buffer status word may be transmitted using MAC sub-
headers. In some embodiments, the buffer status word may be distributed across several sub-
headers. For example, the ue_status field 410 may be conveyed in the first MAC sub-header,
while one or more rb_status fields 420 are conveyed in the MAC sub-headers for each of
several MAC SDUs 820. These fields may be mapped to the “‘R/R" (reserved) sub-header bits
described above.

in some cases, there will be only one MAC SDU 820 in the MAC PDU 800, and
correspondingly only one sub-header in the MAC PDU 800. In this instance, only one rb_status
field 420, perhaps corresponding to the bearer (or group of bearers) for the current transmission
will be sent in the MAC PDU 800 in some embodiments. In other instances, when more than
one MAC SDUs 820 (and corresponding sub-headers) are present in the MAC PDU 800, then
each sub-header (except perhaps the last one) may add information building on top of previous
information.

As of the date of the previously-mentioned 3GPP MAC specification, there are two spare
bits in the MAC sub-header format. Thus, in an alternative mapping of the buffer status word to
the MAC PDU 800, a one- or two-bit ue_status field 410 is mapped to a first sub-header, while
the second and any subsequent subheaders carry one- or two-bit rb_status fields for the logical
channels (radio bearers) corresponding to the MAC SDUs 820 present in the current MAC PDU
800. These may be in decreasing priority order. In these embodiments, only one rb_status field
420 is reported per logical channel.

in some of these embodiments, if further subheaders are available when rb_status fields
420 corresponding to each radio bearer represented by the MAC SDUs 820 present in the
current MAC PDU 800, then the remaining subheaders may carry rb_status fields 420 for logical
channels/radio bearers not already reported, in decreasing priority order.

Those skilled in the art will appreciate that in the embodiments described above,
rb_status may be reported per Radio Bearer (RB) or Logical Channel (LC). In alternative
embodiments, rb_status may be reported per Radio Bearer Group (RBG). In yet another
embodiment, rb_status can be configured, e.g., using RRC configuration, to be reported per RB
or RBG. Further, for each of the reporting formats described above, the information sent may
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also be bound to the prioritized bit rate (PBR), where some data in the buffer may be present,

but cannot currently be scheduled.

In still other embodiments, the buffer status words described above may be delivered as
a MAC control element (MCE) 815, as pictured in Figure 8. Those skilled in the art will
appreciate that in some cases, one or more of the combinations of buffer status word bits
described above may be used instead of padding, or even instead of data from a low priority
radio bearer, in the event that the buffer status word fits within the available space. Thus, the
use of any of the buffer status word formats described above is not restricted to the MAC
header 810, sub-header, or control elements 815 described above. Rather, any of these buffer
status word formats may be transmitted at other times, e.g. when space is available, or when an
updated buffer status word is deemed to take priority over some other type of data.

Some embodiments of the present invention comprise a mobile station including a
processing circuits configured to carry out one or more of the methods described above. As
shown in Figure 9, an exemplary mobile station 160 may comprise a radio transceiver 910, a
processing circuit 920, and a memory circuit 930. Radio transceiver 910 includes receiver (RX)
and transmitter (TX) circuits, and may be configured to transmit and receive radio signals
according to one or more wireless telecommunication and/or networking standards, such as the
3GPP family of specifications, using antenna 940. In addition to being configured to carry out
one or more of the methods described herein, processing circuit 920, which may comprise one
or more microprocessors, microcontrollers, digital signal processors, application-specific
integrated circuits, digital hardware, and the like, may also be configured to implement
telecommunications and/or networking protocols, to control user interface functions, and to
provide overall control of the mobile station 160. Those skilled in the art will appreciate that in
some embodiments processing circuit 920 may be configured to execute software and/or
firmware stored in memory 930, which may include one or more random-access memory (RAM)
devices and read-only memory (ROM) devices.

In particular, processing circuit 920 may be configured to determine the status of one or
more transmit buffers, such as buffers corresponding to radio bearers or logical channels, to
prepare a buffer status message, and to transmit the buffer status message to a base station
using transceiver 910. In some embodiments, the buffer status message may comprise, as
described above, one or more radio bearer status fields indicating uplink buffer status for
corresponding radio bearers or groups of radio bearers and a user equipment status field
indicating an overall status corresponding to all or substantially all of the uplink data buffers for
the mobile station. In some cases, the radio bearer status fields may comprise two or more
fields corresponding to the highest priority radio bearers or radio bearer groups for the mobile
station; these fields may be ordered according to a pre-determined priority order, e.g., from

highest to lowest priority.

12
Page 59 of 284



10

156

WO 2009/088334 PCT/SE2008/050817
In some embodiments, the user equipment status field may be encoded by the

processing circuit 920 to indicate the total quantity of data buffered in the mobile station 160,
while in others processing circuit 920 may instead encode the user equipment status field to
indicate the total quantity of data buffered in the mobile station less the buffered data associated
with radio bearers or groups of radio bearers corresponding to the radio bearer status fields. In
some embodiments, processing circuit 920 may be configured to encode one or more of the
user equipment status field and the radio bearer status fields to indicate a relative status
compared to a previously reported status, or to indicate a relative status compared to a
previously granted resource allocation.

Furthermore, the processing circuit 920 of mobile station 160 may be configured to
transmit the buffer status message to a base station as header data in one or more data
packets or control packets. In some embodiments, this header data may comprise one or more
fields in a MAC header for a MAC packet data unit. In some embodiments, the header data
may comprise one or more fields in a MAC sub-header, or may comprise a MAC control
element.

The present invention may, of course, be carried out in other ways than those
specifically set forth herein without departing from essential characteristics of the invention. The

present embodiments are thus to be considered in all respects as illustrative and not restrictive.
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CLAIMS

What is claimed is:

1. A method for providing buffer status information from a mobile station (160), the method
comprising preparing (530) a buffer status message (400) and transmitting (540) the buffer status
message (400) to a base station (110), characterized in that the buffer status message (400)
comprises:
one or more radio bearer status fields (420) indicating uplink buffer status for
corresponding radio bearers or groups of radio bearers; and
a user equipment status field (410) indicating an overall status corresponding to all or

substantially all of the uplink data buffers for the mobile station (160).

2. The method of claim 1, characterized in that the one or more radio bearer status fields
(420) comprise at least two fields corresponding to the highest priority radio bearers or radio

bearer groups for the mobile station (160).

3. The method of claim 2, characterized in that the at least two fields are ordered according

to a pre-determined priority order.

4, The method of any of claims 1-3, characterized in that the user equipment status field
(410) indicates the total quantity of data buffered in the mobile station (160).

5. The method of any of claims 1-3, characterized in that the user equipment status field
(410) indicates the total quantity of data buffered in the mobile station (160) less the buffered data
associated with the radio bearers or groups of radio bearers corresponding to the radio bearer
status fields (420).

6. The method of any of claims 1-5, characterized in that preparing (530) the buffer status
message (400) comprises encoding (630) at least one of the user equipment status field (410)
and the radio bearer status fields (420) to indicate a relative status compared to a previously

reported status.

7. The method of any of claims 1-6, characterized in that preparing (530) the buffer status
message (400) comprises encoding (730) at least one of the user equipment status field (410)
and the radio bearer status fields (420) to indicate a relative status compared to a previously

granted resource allocation.
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8. The method of any of claims 1-7, characterized in that transmitting (540) the buffer status

message (400) to a base station (110) comprises transmitting the buffer status message (400) as
header data in one or more data packets or control packets.

9. The method of claim 8, characterized in that the header data comprises one or more fields
in a medium-access control, MAC, header (810) for a MAC packet data unit (800).

10. The method of claim 8 or 9, characterized in that the header data comprises one or more
fields in a MAC sub-header for a MAC packet data unit (800).

11. The method of any of claims 8-10, characterized in that the header data comprises a MAC
control element (815) in a MAC packet data unit (800).

12. A mobile station (160) comprising a processing circuit (920) for determining the status of
one or more transmit buffers and a transmitter circuit (910) for transmitting buffer status to a base
station, characterized in that the processing circuit (920) is configured to prepare a buffer status
message (400) comprising:
one or more radio bearer status fields (420} indicating uplink buffer status for
corresponding radio bearers or groups of radio bearers; and
a user equipment status field (410) indicating an overall status corresponding to all or
substantially all of the uplink data buffers for the mobile station (160).

13. The mobile station (160) of ¢claim 12, characterized in that the one or more radio bearer
status fields (420) comprise at least two fields corresponding to the highest priority radio bearers

or radio bearer groups for the mobile station (160).

14. The mobile station (160) of claim 13, characterized in that the at least two fields are

ordered according to a pre-determined priority order.

15. The mobile station (160) of any of claims 12-14, characterized in that the user equipment
status field (410) indicates the total quantity of data buffered in the mobile station (160).

16. The mobile station (160) of any of claims 12-14, characterized in that the user equipment
status field (410) indicates the total quantity of data buffered in the mobile station (160) less the
buffered data associated with the radio bearers or groups of radio bearers corresponding to the
radio bearer status fields (420).
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17. The mobile station (160) of any of claims 12-16, characterized in that the processing circuit
(920) is configured to encode at least one of the user equipment status field (410) and the radio
bearer status fields (420) to indicate a relative status compared to a previously reported status.

18. The mobile station (160) of any of claims 12-17, characterized in that the processing circuit
{920) is configured to encode at least one of the user equipment status field (410) and the radio
bearer status fields (420) to indicate a relative status compared to a previously granted resource

allocation.

19. The mobile station (160) of any of claims 12-18, characterized in that the transmitter circuit
is configured to transmit the buffer status message (400) to a base station (110) as header data in

one or more data packets or control packets.

20. The mobile station (160) of claim 19, wherein the header data comprises one or more
fields in a medium-access control, MAC, header (810) for a MAC packet data unit (800).

21. The mobile station (160) of claim 19 or 20, wherein the header data comprises one or
more fields in a MAC sub-header for a MAC packet data unit (800).

22. The mobile station (160) of any of claims 19-21, wherein the header data comprises a
MAC control element (815) in a MAC packet data unit (800).
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METHOD, APPARATUS AND COMPUTER PROGRAM FOR UPLINK SCHEDULING IN
A NETWORK THAT EMPLOYS RELAY NODES

TECHNICAL FIELD:

100017 The exemplary and non-limiting embodiments of this invention relate generally to
wireless communications systems and, more specifically, relate to the communication of
channel quality information for channels in a network that uses relay nodes, and further how
that information may be used for scheduling decisions.

BACKGROUND:

[0002] The following abbreviations are used in the description below:

3GPP third generation partnership project\

BSR buffer status report

caQl channel quality information

DL downlink

e-NodeB Node B of an E-UTRAN system

eNBr relay-enhanced eNB

E-UTRAN evolved UTRAN

LTE long term evolution of 3GPP

Node B base station or similar network access node, including e-NodeB
PRBs physical resource blocks

RAN radio access network

RB radio bearer

RBG radio bearer group

RBR radio band resource

RN relay node

RS relay station

QoS Quality of Service

UE user equipment (e.g., mobile equipment/station)
UL uplink

UMTS universal mobile telecommunications system
UTRAN UMTS terrestrial radio access network

[0003] 3GPP is standardizing the long-term evolution (LTE) of the radio-access technology
which aims to achieve reduced latency, higher user data rates, improved system capacity and
coverage, and reduced cost for the operator. Future LTE standard releases (here termed
release 9 for brevity) may use relay nodes (RNs), alternatively termed relay stations (RSs), in
order to enhance coverage areas in the cell of an e-NodeB. Figure 1 gives an overview of
how such RNs can be used to advantage: to extend wireless coverage to the interior of a
building, to extend coverage beyond the cell edge (cell edge as defined by the radio range
from the e-NodeB), to direct radio signals more particularly to a valley between buildings or to
a radio-frequency 'shadow’ behind a building, to extend the cell to other non-contiguous

areas such as via multi-hops/muiti-relays, and to provide robust radio signals in any other

1

Page 75 of 284



WO 2009/095814 PCT/IB2009/050204

‘coverage holes’ that may be at different areas of the cell. The RNs can be fixed or mobile,
such as mounted to a high-speed train. In some systems the relay stations may be
opportunistically available UEs/mobile terminals that are not owned by the network itself. For

clarity, a network access node that employs RNs is termed a relay enhanced access node, or
in the context of LTE it is termed an e-NBr for brevity.

[0004} Apart from this main goal of coverage extension, introducing relay concepts can also
be used to aid in the provisioning of high-bit-rate coverage in high shadowing environment, to
reduce the average radio-transmis sion power at the UE which extends the UE’s battery life, to
enhance cell capacity and effective throughput (e.g., by increasing cell-edge capacity and
balancing cell load), and to enhance overall performance and deployment cost of the radio
access network RAN.

[0005] After being carefully considered in pre-standardization activities like the Wireless
World Initiative WW1/ Wireless World Initiative New Radio WINNER system concept, relay
systems are achieving the level of maturity that is needed in ongoing LTE standardization
activities. The WINNER concept seeks to develop a system that is QoS aware and uses
intelligent scheduling to meet user demands and physical constraints, in a model that is
scalable for deployment to any of various spectrum types and bandwidths including spectrum
sharing. This scalable deployment gives rise to relay nodes being an important part of the
WINNER concept. As an example of later stages of relay node development, the IEEE
802.16j standardization adds relays to the IEEE 802.16e standard. This recent development
has increased the pressure to consider relays also in LTE standardization. Certain wireless
network operators have been actively pushing for relay standardization since it is expected
that relay systems will be economically viable due to reduced backhaul and site acquisition
costs. In order to keep LTE competitive itis more than probable that relay extensions to LTE
are to be studied within 3GPP in the release 9. Various topics will be studied and relays

appear likely to play an important role in LTE Release 9, and RSs are likely to be included in
the LTE Release 9 agenda.

[0006] There are many specific types of relay systems proposed, from the simple (e.g.,
amplify/forward implementations, applied in single frequency networks such as digital video
broadcast for handhelds DV B-H, for example) to the more complex such as using network
coding to improve the overall performance. A common relay type thatis proposed for cellular
relaying is a detect/forward type of relay, where an input signal is detected and retransmitted
using the same procedure as in the original transmission. The following discussion assumes
the detect/forward type implementation for a relay network.

2
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[0007] To ensure economic viability in adopting RNs into the LTE network, backward
compatibility between Release 8 (standardization ongoing) and Release 9 will be needed. A
reasonable assumption is that full backward compatibility is required from the UE perspective,
i.e. Release 8 and Release 9 terminais should work equally well in Release 8 and in Release
9 networks. At the network side software and even hardware updates between standard
releases may be possible but preferably they should be as small as possible. Hence, from
the UE viewpoint the serving network node should function in exactly the same way as the e-
NodeBs of Release 8. Due to this requirement, the reduction of functionalities of the e-
NodeB when defining and implementing relay nodes will be difficult, and the relay nodes will
need to support all of the main e-NodeB functions also. Due to this fact it can be assumed

that relay nodes are capable of flexible resource sharing with the e-NodeB that controls them.

[0008] The introduction of RNs can have an impact on the overall architecture of the network
as well as the UL scheduling and the exchange of buffer status report (BSR) noted above.
The scheduling of UEs under control of a RN can be done by the RN with the help of the
controlling e-NodeB (e.g., where the RN is given some authority to schedule radio resources
given by the e-NodeB), or solely by the controliing eNBr (where the RN acts as a
communication conduit and all scheduling decisions are by the e-NodeB).

[0009] Certain problems arise in the former case. The RN may be doing the scheduling, but
it may still be advantageous that the controlling eNodeB have some information as to buffer
status as well as the quality of the UE’s UL access links so as to schedule resources (those it
reserves to itself and those it allocates to the RN) to efficiently meet the demands on both the
UE’s access links to the RN and also the RN's relay link to the e-NodeB.

[0010] In Release 8 of LTE, uplink UL BSR, referring to the amount of buffered data in the
logical channel queues in UE (which may be in the Medium Access Control or higher logical
protocol layer), are needed in order to provide support for quality of service (QoS) -aware
packet scheduling. Radio bearers (RBs) that have similar QoS requirements are grouped
under a radio bearer group (RBG), and currently proposals to LTE are for a total of four
RBGs. The UE sends a BSR of the RBGs to the e-NodeB. The e-NodeB then considers the
BSRs from the UEs that it is serving, the channel quality that each UE is experiencing in the

UL (from UL sounding measurements), and schedules the different UEs accordingly.

[0011] Each RB in the UE is given a priority, a prioritized bit rate (PBR) and a corresponding
maximum bit rate (MBR). The UE tries to schedule ail RBs (within the limits of the granted
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resources from the eNB) in decreasing priority up to their PBR. Once this is done and if the
UE has sufficient resources to satisfy all the PBRs, the remaining resources assigned by the
grant (i.e. MBR — PBR) are scheduled for each RB, also in decreasing priority. Note that
while the scheduling at the e-NodeB is done on a per RBG basis, the final scheduling at the
UE is on a per RB basis.

[0012] A straightforward implementation of BSR from RN to e-NodeB would simply convey
the status of the actual RN buffer. This is not seen as optimal for several reasons. Having
the RN simply forward to the controlling e-NodeB each individual BSR report that the RN
receives from the relayed UEs will result in fairly high control signaling overhead, which by
these teachings will be seen to be unnecessary for the case where the RN is the one
responsible for scheduling its UEs. For similar reasons, having the RN simply relay to the e-
NodeB each of the CQI values (which are measured by the RN itself) for each of the UE-RN

links will also be shown to use an unnecessarily high amount of control signaling overhead.

[0013] The introduction of RNs is a new concept in LTE. Thus, UL scheduling and
associated BSR reporting has not been considered previously. The case where RNs control
the scheduling of its own users is similar to the non-transparent mode defined in WIMAX.
However, the issues regarding UL scheduling and BSR reporting are not yet resolved since
those are different in LTE.

[0014] What is needed in the art is an approach to optimize scheduling of UEs under control
of a RN for various actual channel conditions that exist between the RN and the UEs under
its control, preferably in a manner that is consistent with LTE.

SUMMARY:

[0015] In accordance with one aspect of the invention is a method that includes receiving
from each of a plurality of user equipments an indication of user data volume waiting to be
sent to a relay by the respective user equipment, determining a relay data volume waiting to
be sent from the relay, compiling the indications of user data volume and the determined
relay data volume into an uplink status report, and sending the uplink status report towards an

access node controlling a cell in which the relay and the user equipments operate.

[0016] In accordance with another aspect of the invention is an apparatus that include a
receiver, a buffer, a processor and a transmitter. The receiver is configured to receive from

each of a plurality of user equipments an indication of user data volume waiting to be sent to

4
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the apparatus by the respective user equipment. The buffer is configured to store data from
at least some of the user equipments that is waiting to be sent. The processor is configured
to compile the indications of user data volume and a determined data v olume of the buffer
into an uplink status report. And the transmitter is configured to send the uplink status report

towards an access node controlling a cell in which the apparatus and the user equipments
operate.

[0017] In accordance with another aspect of the invention is a computer readable memory
embodying a program of machine-readable instructions executable by a digital data
processor to perform actions directed toward compiling and sending an uplink status report.
In this embodiment the actions include receiving from each of a plurality of user equipments
an indication of user data volume waiting to be sent to a relay by the respective user
equipment, determining a relay data volume waiting to be sent from the relay, compiling the
indications of user data volume and the determined relay data volume into an uplink status
report, and sending the uplink status report towards an access node controlling a cell in which
the refay and the user equipments operate.

[0018] In accordance with another aspect of the invention is an apparatus that includes
receiving means for receiving from each of a plurality of user equipments an indication of user
data volume waiting to be sent to a relay by the respective user equipment, memory means
for storing data from at least some of the user equipments that is waiting to be sent,
processing means for compiling the indications of user data volume and a determined data
volume of the memory means into an uplink status report, and transmitting means for sending
the uplink status report towards an access node controlling a cell in which the relay and the
user equipments operate. In a particular embodiment, the receiving means is a receiver and
the indications are stored in virtual buffers, the memory means is an actual buffer, the

processing means is a digital processor, and the transmitting means is a transmitter.

[0019] In accordance with another aspect of the invention is a method that includes receiving
from a relay node a buffer status report, determining from the buffer status report a volume of
data in a queue for the relay node to send and a volume of data waiting to be sent to the relay
node, and allocating radio resources to the relay node at least in part depending on the
volume of data waiting to be sent to the relay node.

[0020] In accordance with another aspect of the invention is an apparatus that includes a
receiver, a buffer, a processor and a transmitter. The receiver is configured to receive from a

relay node a buffer status report. The processor is configured to determine from the buffer

5
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status report a volume of data in queue for the relay node to send and a volume of data
waiting to be sent to the relay node, and to allocate radio resources to the relay node at least
in part depending on the volume of data waiting to be sent to the relay node. And the
transmitter is configured to send the radio resource allocation to the relay node.

BRIEF DESCRIPTION OF THE DRAWINGS:

[0021] The foregoing and other aspects of these teachings are made more evident in the
following Detailed Description, when read in conjunction with the attached Drawing Figures.

[0022] Figure 1 is a schematic diagram showing a relay network with a controlling access
node and various relay nodes serving to enhance coverage for mabile terminals in various

scenarios, a context which is relevant to these teachings.

[0023] Figure 2 shows a simplified block diagram of various electronic devices that are
suitable for use in practicing the exemplary embodiments of this invention.

[0024] Figure 3 is a schematic diagram showing buffer status reports received at a relay
node RN and compiled into a virtual RN buffer alongside an actual RN buffer according to
embodiments of this invention.

[0025Y Figure 4 illustrates channel quality indicators for various UEs under control of a relay
node for various radio band resources, arranged in a table, and resulting averages calculated

by the relay node for reporting to the access node/e-NodeB according to certain
embodiments of the invention.

[0026] Figure 5 is a process flow diagram illustrating process steps according to a particular
embodiment of the invention.

DETAILED DESCRIPTION:

[0027] These teachings focus primarily on the case where the RNs take the main
responsibility for scheduling their users. In this case, it may not be needed for the e-NodeB to
be aware of the actual buffer status of the UEs that is reported to the RN. For reasons noted
above it is important from a flow control perspective that the e-NodeB not be wholily unaware
of the UE’s buffer state and the quality of the UE-RN link. Embodiments of this invention
provide a solution to get the needed information to the e-NodeB without excessive signaling

overhead. Specifically, embodiments of this invention provide an integrated way of

6
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scheduling and controlling the flow of UL data in a relay enhanced LTE network. Two specific
mechanisms are detailed: one to summarize and pass the buffer status of relayed UEs to the
e-NodeB, and the other to summarize and pass the UL CQI of the UE-RN links to the e-
NodeB. The e-NodeB can then use this information for optimal UL scheduling. While
specific examples are presented below in the particular context of LTE, the invention is not

limited only to LTE but may be employed in any wireless access network that employs relay
nodes under control of a controlling access node.

[0028] For the description below it is assumed that at maximum two hops are allowed per
communication (between UE and e-NodeB or between UE and RN and e-NodeB), and the
relay nodes are arranged in a tree fopology (no connections between relay nodes). Note that
this second assumption excludes two instances shown in Figure 1. The invention is not
limited by either of these two assumptions, but they are noted as constraining the specific
examples given rather than the breadth of these teachings. Embodiments of the invention
can be used with other network topologies, and/or across more than two-hop links. In this
case the relays along the route perform the functions and actions explained below for the e-
NodeB towards their subordinate relays and UEs, and the functions and actions explained
below for relays towards superordinated relays or the e-NodeB.

[0029] As a preliminary matter before exploring details of various implementations, reference
is made to Figure 2 for illustrating a simpilified block diagram of various electronic devices that
are suitable for use in practicing the exemplary embodiments of this invention. In Figure 2 a
wireless network 9 is adapted for communication between a UE 10 and a Node B 12 (e.g., a
wireless access node, such as a base station or particularly an eNBr for a LTE system). The
network 9 may include a gateway GW/serving mobility entity MME/radio network controlier
RNC 14 or other radio controller function known by various terms in different wireless
communication systems. The UE 10 includes a data processor (DP) 10A, a memory (MEM)
10B that stores a program (PROG) 10C, and a suitable radio frequency (RF) transceiver 10D
coupled to one or more antennas 10E (one shown) for bidirectional wireless communications
over one or more wireless links 20 with the eNBr 12.

[0030] The terms "connected," "coupled,” or any variant thereof, mean any connection or
coupling, either direct or indirect, between two or more elements, and may encompass the
presence of one or more intermediate elements between two elements that are "connected”
or "coupled" together. The coupling or connection between the elements can be physical,
iogical, or a combination thereof. As employed herein two elements may be considered to be
"connected" or "coupled" together by the use of one or more wires, cables and printed

electrical connections, as well as by the use of electromagnetic energy, such as
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electromagnetic energy having wavelengths in the radio frequency region, the microwave

region and the optical (both visible and invisible) region, as non-limiting examples.

[0031] The eNBr 12 also includes a DP 12A, a MEM 12B, that stores a PROG 12C, and a
suitable RF transceiver 12D coupled to one or more antennas 12E. The eNBr 12 may be
coupled via a data path 30 (e.g., lub or S1 interface) to the serving or other GW/MME/RNC
14. The GW/MME/RNC 14 includes a DP 14A, a MEM 14B that stores a PROG 14C, and a
suitable modem and/or transceiver (not shown) for communication with the Node B 12 over
the lub link 30. Also shown as part of the MEM 12B is a plurality of buffers 12G for storing
data and information to be sent over one of the wireless links 20, 20B. These buffers 12G
are detailed more particularly below.

[0032] Also within the eNBr 12 is a scheduler 12F that schedules the various UEs under its
control for the various UL and DL radio resources. Once scheduled, the e-NodeB sends
messages to the UEs with the scheduling grants (typically multiplexing grants for multiple UEs
in one message). These grants are sent over particular channels such as the PDCCH in
LTE. Generally, an e-NodeB of an LTE system is fairly autonomous in its scheduling and
need not coordinate with the GW/MME 14 excepting during handover of one of its UEs to
another Node B/e-NodeB.

[0033] The network also employs a RN 16, shown also as having a DP 16A and a MEM 16B
that stores a PROG 16C and which also has its own buffers 16G, and using a transceiver
(transmitter and receiver) 16D for communications via at least one antenna 16E over a first
link 20A with the UE 10 (as well as other UEs under the RN'’s control) and over a second link
20B with the eNBr 12 that is controlling in the cell. In the embodiments detailed befow, the
direct link 20 between the eNBr 12 and the UE 10 is not in active use but instead
communications are routed through the RN 16 via the first and second links 20A, 20B. The
RN 16 may also have a scheduler 16F for allocating radio resources (RBRs) to the UEs
under its control, for the case considered here where the eNBr 12 grants the RN 16 a block of

radio resources for use in its area of the celi for allocating to those UEs under the RN's
control.

[0034] At least one of the PROGs 10C, 12C and 16C is assumed to inciude program
instructions that, when executed by the associated DP, enable the electronic device to
operate in accordance with the exemplary embodiments of this invention, as detailed above.
Inherent in the DPs 10A, 12A, and 16A is a clock to enable synchronism among the various
apparatué for transmissions and receptions within the appropriate time intervals and

subframes required, as the scheduling grants and the granted resources/subframes are time
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dependent. The transceivers 10D, 12D, 16d include both transmitter and receiver, and
inherent in each is a modulator/demodulator commonly known as a modem. The DPs 12A,
14A and 16A also are assumed fo each include a modem to facilitate communication over the
(hardwire) link 30 between the eNBr 12 and the GW 14 and over the various wireless links

20, 20A, 20B shown between the particular electronic apparatuses.

[0035] The PROGs 10C, 12C, 16C may be embodied in software, firmware and/or hardware,
as is appropriate. In general, the exemplary embodiments of this invention may be
implemented by computer software stored in the MEM 16B and executable by the DP 16A of
the RN 16 and similar for the other MEM 12B and DP 12A of the eNBr 12, or by hardware, or

by a combination of software and/or firmware and hardware in any or all of the devices
shown.

[0036] In general, the various embodiments of the UE 10 can include, but are not limited to,
mobile stations, cellular telephones, personal digital assistants (PDAs) having wireless
communication capabilities, portable computers having wireless communication capabilities,
image capture devices such as digital cameras having wireless communication capabilities,
gaming devices having wireless communication capabilities, music storage and playback
appliances having wireless communication capabilities, Internet appliances permitting
wireless Internet access and browsing, as well as portable units or terminals that incorporate
combinations of such functions. Embodiments of the RN may be a UE or may be a fixed or

mobile access node under control of the controlling eNBr that is controlling in the cell.

[0037] The MEMSs 10B, 12B and 16B may be of any type suitable to the local technical
environment and may be implemented using any suitable data storage technology, such as
semiconductor-based memory devices, magnetic memory devices and systems, optical
memory devices and systems, fixed memory and removable memory. The DPs 10A, 12A and
16A may be of any type suitable to the local technical environment, and may include one or
more of general purpose computers, special purpose computers, microprocessors, digital
signal processors (DSPs) and processors based on a multi-core processor architecture, as
non-limiting examples.

[0038] Now are described particular embodiments of the invention in detail. As noted above,
embodiments of this invention enable integrating the scheduling and controlling of the flow of
UL data in a relay enhanced network by two different mechanisms: the RN 16 summarizes
and passes the buffer status of relayed UEs 10 to the eNBr 12, and the RN 16 summarizes
and passes the UL CQI of the UE-RN links 20A to the eNBr 12. This information can then be
used for optimal UL scheduling.
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[0039] In general terms, the RN receives from each of a plurality of UEs an indication of user
data volume to be sent to a relay by the respective user equipment. The RN receives the
BSRs of the RBGs from these UEs and stores that information as a ‘virtual buffer. In an
embodiment, each virtual buffer is an average of the RBGs across all of the UEs. The RN
then determines a relay data volume to be sent from the relay. This is the RN’s ‘actual’
buffer, which is occupancy (percentage) of the uplink data buffer 16G in the RN itself. The
RN then compiles the indications of user data volume (the BSRs that are stored as virtual
buffers) and the determined relay data volume (the actual buffer 16G) into an uplink status
report, which the RN sends to the eNB on the uplink 20B. In a particular embodiment, the RN
sends the uplink buffer status report not on a periodic basis, but only when occupancy of the
virtual buffer falls below a low threshold or possibly also when the occupancy of the virtual
buffer rises above a high threshold.

[0040] Figure 3 is a schematic diagram illustrating the virtual buffer concept in relation to the
actual buffer at the relay node 16. All of the UEs that are under control of the RN 16 are
designated in Figure 3 as UE,1, UE,2, ...UE/R. Itis currently agreed in LTE Release 8 that
each of these UEs sends a buffer status report BSR to the RN 16 that summarizes the buffer
states for the different RBGs. Thus each of the UEs sends a BSR that delineates data
volume waiting to be sent according to the RBGs, shown in Figure 3 as RBG1, RBG2, RBG3,
etc. The RN 16 receives the BSR from each of the UEs that it is serving, compiles them (i.e.
for each RBG, adding the buffering values of each UE) and constructs what is termed herein
a virtual RN buffer 302,

[0041] Additionally in the RN 16, there is also the normal buffering (medium access control
(MAC) level buffering or, for more general, L2 radio link level buffering) for the UL data that
has been received by the RN but not yet sent out to the eNBr 12. For clarity, this is termed
the actual RN buffer 304, which is also shown at Figure 2 as physical buffers 16G. The
actual RN buffer 304 may be separated by RBGs as shown in Figure 3, so that there is one
actual (physical) buffer 12G that transiently stores UL data from the UEs that was senton the

respective BSR until the RN 16 can send that buffered UL data on the uplink 20B to the eNBr
12.

[0042] According to these teachings, the RN 16 constructs a BSR that contains information
both about the actual RN buffer 304 and the virtual RN buffer 302 and sends it to the eNBr
12. The information about the actual RN buffer 304 is real time, and reflects a volume of data
in that actual buffer 12G. The information about the virtual RN buffer 302 is predicting
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information; the RN 16 does not actually have the data to fili these virtual buffers yet, but itis
an indication of the volume of data the UEs have to send to the RN 16. This is because the
virtual RN buffer 302 is compiled from the BSRs received from the UEs, not from the data
they send. Once they actually do send that data to the RN 16, the data goes to the actual RN

buffer 304. The virtual RN buffer 304 is constructed whenever a set of BSRs are received
from the UEs.

[0043] The virtual RN buffer 302 contains the information about the data that are in the UEs’
buffers and that will soon be transferred to the RN 16 and then appear in the actual RN buffer
304. As such the virtual buffer 302 allows the prediction of the future status of the actual
buffer 304 of the RN 16. Because any actions that the eNBr 12 takes based on the UEs’
BSRs will also only affect the future (and the UE s’ BSR information is in that portion of the
RN’s BSR relating to the virtual buffer that the RN 16 sends to the eNBr 12), the virtual buffer
302 gives better information as it predicts the situation that will be once the UEs’ BSRs are
taken into account by the eNBr 12. The actual buffer information can be considered as data
in queue to be sent to the eNBr 12, and the virtual buffer information can be considered as
data next to be in queue to be sent to the eNBr 12, since the actual data underiying the virtual
buffer information are yet to be sent to the RN 16 by the UEs. That UE data is not yet in
queue at the RN 16, but the virtual RN buffer 302 predicts it for the eNBr 12.

[0044] An example will make this explicit. Assume the actual RN buffer 304 is still empty, but
there are data to transfer from subordinate UEs to the RN 16 which is already indicated by
the BSRs from the UEs that the RN 16 has received. Then the state of the virtual RN buffer
302 is not empty; it will indicate the volume of data reported in the UE BSRs, received at the
RN 16, that the UEs are waiting to send to the RN 16. This is indicated towards the eNBr12
via the RN’s BSR signaling: for a combined BSR the actual RN buffer information shows the
actual RN buffer is empty and the virtual RN buffer information indicates the volume (per
BSG) that the UEs are waiting to send. The eNBr 12 will then allocate the necessary
resources to the RN 16 so that the RN’s scheduler 16F can redistribute it among the UE-RN
links 20A that need it. The eNBr 12 can also already allocate resources for the transfer of the
data which is currently at the UEs from the RN 16 to the eNBr 12. This is so that as soon as
this next-in-queue data arrives at the RN 16 from the UEs, it can be immediately forwarded
from the RN 16 to the eNBr 12. According to the state of the art in LTE, the RN’s BSR would
only be sent once data have actually arrived in the buffer of the RN, which necessarily means
it can only be sent to the eNBr at a later time. Consequently, the embodiment shown by the

above example proves there is a reduced latency for transferring data from the UEs to the
eNB 12,
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[0045] Consider another example, which illustrates a similar advantage for the case when
there are still data in the actual RN buffer 304 but no data any more in the buffers of the UEs
(which means the virtual RN buffer 302 is empty or set to zero percent full). This depletion of
the virtual buffer 302 will then be signaled to the eNBr 12 via the inventive RN’s BSR
signaling, and the eNBr 12 can quickly de-allocate resources for the RN-eNB link 20B. In this
way, unnecessary resource allocations for the RN 16 can be avoided because the empty
virtual RN 302 reported in the inventive RN BSR allows the eNBr 12 to look forward and see
that there will be no further data for the RN-eNBr uplink 20B once the RN's actual buffer 304
is empty. The eNBr 12 now has visibility (via the virtual buffer 302 information) that the
buffers at the UEs are getting empty, which means that soon the actual buffer 304 at the RN
16 can be expected to also soon be empty. Consequently, the eNBr 12 can avoid allocating
excessive resources on the RN to eNBr link 20B for too long.

[0046] Without this prediction information embodied as the virtual buffer 302 information the
eNBr 12 would only start to de-allocate resources once it gets an empty (actual) buffer report
from the RN 16. Likely in this scenario some resources will be allocated in vain because de-
allocation takes some time. The inventors have recognized that the RN 16 is in a position to
compile information that predicts when its own (actual) buffer 304 will be filled/re-filled by
subordinate UEs, and the invention aliows the eNBr 12 to look into their buffers via the virtual
buffer information that the RN 16 send it. This gives the eNBr 12 some forecast on the RN
(actual) buffer 302 that it can exploit to optimize resource allocation.

[0047] This also enables the eNBr 12 to avoid a kind of "buli whip effect” that is often
observed in supply chains where a small variation in one end of the chain will cause much
larger variation on the other end, because that end has to over-compensate variations due to
the incurred delay in the chain. The look ahead capability detailed above via the virtual RN
buffer 302 allows the eNBr 12 information to prevent or at least minimize such overshoots
due to over compensations.

[0048] Typically, the eNBr 12 will know some information about the channel 20B between the
RN 16 and the eNBr 12, such as from UL sounding measurements at the eNBr. With the
actual RN buffer status, then the eNBr 12 has all the information it needs in order to schedule
the RN-eNB link 20B efficiently.

[0049] Above it was noted that the scheduling in the access links (UE-RN) 20A is done by the
RN 16. However, the RN 16 still needs to know the set of radio band resources (RBRs) and
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even particular radio resource blocks that it can distribute among its UEs in order to do so.
Though the virtual RN buffer report gives some input to the eNBr 12 in deciding this, the eNBr
12 still needs to have some information regarding the UL link qualities in the access links 20A
to make the final decision. Particularly, the eNBr can determine which RBRs, how much and
how long those resources should be assigned to the RN so that the RN will have a sufficient
amount of resources to schedule for the relayed UEs in UL to transmit the buffered data
under the given channel conditions as measured & reported by the RN. The eNBr can also
tell the RN (and the UE) how much data should or could be sent. According to another
aspect of the invention, the RN 16 provides to the eNBr 12 a summary of the average link
quality of the access links 20A which the RN experiences e.g. via its UL channel
measurements. In an embodiment, the RN 16 does this by aggregating/averaging the UL
CQl for each RBR over all the UEs, as illustrated in Figure 4. In a particular embodiment
relevant to LTE especially, the UL CQl for each RBR is the CQl that is gathered at the RN 16
by the RN'’s soundings of the UL access links 20A between UE and RN, rather than the DL
CQl that is reported by the relayed UEs to the RN 16. However for a TDD system, because
the channel is typically reciprocal, also DL CQI can be used to derive UL CQl.

[0050] Figure 4 illustrates in a tabular form the CQI information for the UL access links 20A
arranged by UEs (UE, UE.2, ...UER) along rows and arranged by RBRs along columns
(there are a total of R UEs under control of this singie RN 16 compiling the table of Figure 4).
Within the table, each of the entries CQl is the CQI value measured by the RN’s soundings
for the UE 10 of that row for the UL RBR for that column, so each entry is for one UL access
link 20A over one RBR. RBR is a frequency band. The lowermost row below the tabie of
CQl values (with entries C1¢, C2, C3¢ ...CM¢) represent the RBR averaged quality, which in
Figure 4 is specific for the /" RBR column, where there are M RBRs and i is an integer index
of the RBRs from 1 thorough M. Note that compressed CQI reporting schemes proposed for
LTE Release 8 (e.g., threshold based, Best-M, etc.) can still be used along with the

aggregating mechanisms proposed here. Such compression schemes are known in the art
and not detailed here further.

[0051] Consistent with the teachings above, itis not necessary to convey the CQl information
of each UE to the eNBr 12, but it is sufficient to only convey the combined CQl. Above itwas
noted that one implementation is to signal the average CQI of the UEs that are connected to
the RN 16. However a simple average may not always be the best choice. If there are some
UEs that need to transfer more data than other UEs then it is better to weight these UEs more
than the others. The RN 16 has this information from the UE’s BSRs from which it builds the
virtual RN buffer 302. Furthermore, there is often no need to include the CQl of UEs that do
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not have any data in their own buffers to transfer to the RN 16. There may also be situations
where data is prioritized, and so it is more important to transfer high priority data and allocate
the better quality RBGs to those UEs (or to the RN serving those UEs) that have high priority
data. Consequently, the CQI information belonging to UEs should be weighted more heavily
if they have to transfer more data and also if they are to transfer higher priority data, as
indicated by their BSR. This weighting can be readily done by the RN 16 prior to computing
the average, so that the result is a weighted average CQIl per RBR.

[0052] The RBR averaged quality metric gives an indication on which RBRs are the most
suitable for the RN 16. As such, the eNBr 12 can use this information to decide which RBRs
can be allocated to RN 16 for the next scheduling period on the UE-RN access link 20A. The
RN 16 can pass the RBR averaged quality information conveniently with the virtual RN buffer
information in the RN’s BSR, or in a separate message. Note that the actual scheduling
which one of the UE 10 is scheduled on which RBR can still be done by the RN 16
individually using a block of resources for which the eNBr 12 gives the RN 16 control over,
but with the help of RBR averaged quality the eNBr 12 can better decide which RBRs to
assign to the RN 16 for the RN-UE links 20A and which other RBRs to use (e.g. for direct
transmission) from the eNBr 12 to other, directly served UEs. Additionally, knowledge at the
eNBr 12 of the UL access link 20A quality gives the eNBr 12 a better indication of the
throughput on those links, and so enables the eNBr 12 to better predict latency between the
data in the UE buffers (which it knows from the virtual RN buffer information) to when that
data will be present in the RN’s actual buffer 304.

[0053] Furthermore, if there are RNs 16 in close vicinity to each other, it may be beneficial to
allocate at least partly non-overlapping RBRs to both RNs 16 in order to avoid or reduce
interference between the two. This is particularly advantageous, if the RNs 16 serve
overlapping areas and this may well happen if RN locations are not strictly planned, or if one
or more of the RNs are mobile (e.g., on a high-speed train or a bus). The described RBR
averaged quality then allows the eNBr 12 to assign the RBRs optimally to the RNs 16 (i.e.
each gets the RBRs that will give optimum UL performance for the assigned UEs 10).

{00541 To implement the above aspects of the invention in an LTE system, no changes are
required at the UEs 10 as compared with UEs according to the current LTE release.
However, there are seen to be two major changes at the eNBr 12. The first is the acceptance
of two different BSRs from the RN, one for the actual and another one for the virtual buffer
status. As noted above, these can be combined or can be separate, but in fact there are two

different buffer statuses being reported however many messages it takes o report them. On
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advantageous manner for combining the information on these two buffers (actual and virtual)
into a single message with little control signalling overhead is to report one explicitly and
report the other as a gain factor to the explicitly reported buffer. For example, a normalized
virtual buffer can be the gain factor. The actual buffer status is multiplied by this gain factor,
and the result is then repaorted explicitly in the RN's BSR. Without the gain factor, such an
implementation would lead to a BSR mechanism that is similar to one existing between UEs
that are directly connected to an eNB (without a RN), but this will make the eNB almost blind
to the actual demands of the UEs. Hence, optimal scheduling in the UE-RN link 20A
becomes difficult, as the eNBr 12 would be allocating the PRBs to be used for the UE-RN
links 20A. However, if fixed allocation is used (where the RN 16 has certain PRBs allocated
to it permanently when it is allowed to transmit) and there is full orthogonality between the
PRBs used by the direct and relayed UESs, the implicit BSR reporting is an attractive solution.

[0055] The second major change seen for the eNBr 12 is the passing of the average or
aggregated UL CQlI in the access links 20A. In a non-relayed LTE system, there is no CQl
reporting mechanism in the UL (i.e. the UL CQlIs are calculated where they are needed for
scheduling, at the eNB). As such, the average UL CQlI in the access links 20A cannot be
implicitly passed along; other CQI reports and a new explicit signaling has to be defined in
order to enable it. If there is only one RN 16 per eNBr 12, then it might be sufficient just to
provide the list of favorable RBRs, without explicit quality information for the RBRs. However,
when there is more than one RN 16 per eNBr 12, more detailed quality information would be
advantageous since the eNBr 12 has to decide to which RN 16 to give the control of a certain
RBR for the case where both (or more) RNs 16 find it to be favorable.

[0056] Based on this aggregated UL CQI information, the eNBr 12 can select the optimum
RBRs to be allocated to the different RNs 16 so that each RN 16 gets those RBRs that it can
make best use of for scheduling the UEs in its vicinity. Consider an example: there are two
RNs and each RN 16 only serves a single UE. Then the RNs will basically forward the CQl
information from their UEs to the eNBr 12. The eNBr 12 will allocate the RBRs based on
these received CQl information to the two RNs. lt will use a similar algorithm to assign RBRs
to RNs as it would use to assign RBRs to UEs, if the UEs were directly connected to the eNB.
Subsequently the RNs can assign these allocated RBRs to their UEs and the UEs will get
suitable RBRs. ifthe CQl information was not available at the eNBr 12 it could not assign the
optimum RBRs to the RNs and then these could not assign optimum RBRs to the UEs.

[0057] The above example assumes full re-use; that no two of the RNs can use the same
RBR at the same time. However, this can be generalized for the case that the same RBR
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can be used by several RNs e.g. every Nth (reuse N) or even every second (reuse 2) or that
the reuse factor is selected adaptively. These teachings still enable the assignment of the
optimum set of RBRs to each RN, regardless of whether those RBRs are reused
simultaneously or not. Even for reuse 1, where all RNs can use all RBRs concurrently, the
invention allows the eNBr 12 (and the RNs 16) to select the RBRs that allow the best
performance, when used by all RNs, while other RBRs can still be used for transfer of data
between the eNB 12 and other UEs (directly connected UEs). Note that if the traffic load is
distributed unevenly between RNs, then the eNBr 12 can weight stronger the RNs that have
to carry the most traffic (or more precisely the most traffic, taken also the channel conditions

to their subordinate UEs into account) for the eNBr’s decision which RBRs to allocate to the
RNs.

[0058] To summarize then, these teachings enable making necessary uplink status
information of the relayed UEs' buffer status and CQI available at the eNBr to facilitate an
optimized UL resource scheduling and overall system performance, and also keeping
implementation and signaling overhead notably low, that is, backward compatible yet
significantly reduced as compared to relaying individual UE status information to the eNBr.

[0059] Some of the major points detailed above are summarized at Figure 5, a process flow
diagram showing certain of the above process steps for implementing aspects of the
invention. At block 502 the RN 16 receives the BSRs from the UEs that are particular for
each RBG. At block 504 the RN compiles from the BSRs received at block 502 the virtual
buffers for each RBG, which represents the volume of data waiting to be sent by the user
equipments to the relay node. At block 506 the RN 16 receives data from the UEs, and
stores that in actual buffers according to RBG prior to sending it on the UL to the eNBr 12.
the occupancy rate of these actual buffers represent volume of data in queue for the relay
node to send towards the access node/eNBr. At block 508 the RN 16 does sounding
measurements of the UL links 20A from the UEs to the RN 16 for each of the RBRs. The
processes of blocks 504, 506 and 508 may be performed in parallel as illustrated, but they
may be performed at different times also and in various different orders than was described
above. Atblock 510 the RN 16 weights the sounding CQI measurements according to data
priority or other factors that may be pertinent as noted above (e.g., the CQl for a particular
UE’s link may be weighted with the BSR from that UE), and computes a weighted RBR
average quality from it. Finally at block 512, the RN 16 sends to the eNBr 12 a RN buffer
status report, which inciudes the weighted RBR average quality and also the actual buffer
occupancy per RBG multiplied by a gain that gives the occupancy of the corresponding virtual
buffer for that RBG. The eNBr 12 takes this RN BSR and allocates the RBGs as detailed
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above.

[00601 For the aspects of this invention related to network, embodiments of this invention
may be implemented by computer software executable by a data processor of the RN 16,
such as the processor 16A shown, or by hardware, or by a combination of software and
hardware. For the aspects of this invention related to eNBr 12, embodiments of this invention
may be implemented by computer software executable by a data processor of the eNBr 12,
such as the processor 12A shown, or by hardware, or by a combination of software and
hardware. Further in this regard it should be noted that the various logical step descriptions
above may represent program steps, or interconnected logic circuits, blocks and functions, or

a combination of program steps and logic circuits, blocks and functions.

[0061] In general, the various embodiments may be implemented in hardware or special
purpose circuits, software (computer readable instructions embodied on a computer readable
medium), logic or any combination thereof. For example, some aspects may be implemented
in hardware, while other aspects may be implemented in firmware or software which may be
executed by a controller, microprocessor or other computing device, although the invention is
not limited thereto. While various aspects of the invention may be illustrated and described
as block diagrams, flow charts, or using some other pictorial representation, it is well
understood that these blocks, apparatus, systems, techniques or methods described herein
may be implemented in, as non-limiting examples, hardware, software, firmware, special
purpose circuits or logic, general purpose hardware or controller or other computing devices,
or some combination thereof.

[0062] Embodiments of the inventions may be practiced in various components such as
integrated circuit modules. The design of integrated circuits is by and large a highly
automated process. Complex and powerful software tools are availabie for converting alogic
level design into a semiconductor circuit design ready to be etched and formed on a

semiconductor substrate.

[0063] Programs, such as those provided by Synopsys, Inc. of Mountain View, California and
Cadence Design, of San Jose, California automatically route conductors and locate
components on a semiconductor chip using well established rules of design as well as
libraries of pre-stored design modules. Once the design for a semiconductor circuit has been
completed, the resultant design, in a standardized electronic format (e.g., Opus, GDSII|, or the
like) may be transmitted to a semiconductor fabrication facility or "fab" for fabrication.
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[0064] Various modifications and adaptations may become apparent to those skilled in the
relevant arts in view of the foregoing description, when read in conjunction with the
accompanying drawings . However, any and all modifications of the teachings of this invention
will stili fall within the scope of the non-limiting embodiments of this invention.

[00651 Although described in the context of particutar embodiments, it will be apparent to
those skilled in the art that a number of modifications and various changes to these teachings
may occur. Thus, while the invention has been particularly shown and described with respect
to one or more embodiments thereof, it will be understood by those skilled in the art that
certain modifications or changes may be made therein without departing from the scope of

the invention as set forth above, or from the scope of the ensuing claims.
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CLAIMS:
We claim:
1. A method comprising:

receiving from each of a plurality of user equipments an indication of user data volume
waiting to be sent to a relay by the respective user equipment;

determining a relay data volume waiting to be sent from the relay;

compiling the indications of user data volume and the determined relay data volume
into an uplink status report; and

sending the uplink status report towards an access node controlling a cell in which the
relay and the user equipments operate.

2. The method of claim 1, wherein the indication of user data volume comprises a user

equipment buffer status report and the relay data volume comprises occupancy of an uplink
data buffer in the relay.

3. The method of claim 2, wherein for each of the user equipments the buffer status
report is for individual radio bearer groups and determining the relay data volume is for

individual radio bearer groups, and compiling comprises averaging for each radio bearer
group across all of the user equipments.

4. The method of claim 2 wherein the buffer status reports are compiled into a virtual
buffer at the relay and the uplink data buffer comprises an actual buffer at the relay, and
wherein occupancy of the virtual buffer falling below a low threshold or raising above a high
threshold is a trigger for sending the uplink status report.

5. The method of any one of claims 1 through 4, further comprising determining quality
of uplink radio channels between the user equipments and the relay node, and sending the
determined quality to towards the access node.

6. The method of claim 5, wherein determining comprising measuring at the relay the
uplink radio channel for each radio band resource per user equipment, computing an average
per radio band resource across at least those of the plurality of user equipments whose

indication of user data volume is not zero, and wherein sending comprises sending the
average quality per radio band resource.

7. The method of claim 6, wherein the average is weighted.
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8. The method of any one of claims 1 through 4, wherein compiling comprises
determining a gain from the indication of user data volume waiting to be sent and applying the

determined gain to the determined relay data volume waiting to be sent.

9. The method of any one of claims 1 through 4, executed by the relay in an E-UTRAN
network, and wherein sending comprises sending to an eNBr or a superordinated relay.

10. An apparatus comprising:

a receiver configured to receive from each of a plurality of user equipments an
indication of user data volume waiting to be sent to the apparatus by the respective user
equipment;

a buffer configured to store data from at least some of the user equipments that is
waiting to be sent;

a processor configured to compile the indications of user data volume and a
determined data volume of the buffer into an uplink status report; and

a transmitter configured to send the uplink status report towards an access node

controlling a cell in which the apparatus and the user equipments operate.

11. The apparatus of claim 10, wherein the indication of user data volume comprises a

user equipment buffer status report and the data volume of the buffer comprises occupancy
of the buffer.

12. The apparatus of claim 11, wherein for each of the user equipments the buffer status
report is for individual radio bearer groups and the buffer stores data for individual radio
bearer groups, and the processor compiles by averaging for each radio bearer group across
all of the user equipments.

13. The apparatus of claim 11, wherein the processor compiles the buffer status reports
into a virtual buffer in a local memory and wherein occupancy of the virtual buffer falling below

a low threshold or raising above a high threshold is a trigger for the transmitter to send the
uplink status report.

14. The apparatus of any one of claims 10 through 13, the processor further configured to
determine quality of uplink radio channels between the user equipments and the apparatus,

and the transmitter is further configured to send the determined quality towards the access
node.
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15. The apparatus of claim 14, wherein the apparatus is configured to determine quality of
uplink radio channels by measuring at the receiver the uplink radic channel for each radio
band resource per user equipment, the processor is configured to compute an average per
radio band resource across at least those of the plurality of user equipments whose indication
of user data volume is not zero, and wherein the transmitter is configured to send the average
quality per radio band resource.

16. The apparatus of claim 15, wherein the average is weighted.

17. The apparatus of any one of claims 10 through 13, wherein the apparatus comprises
a relay node in an E-UTRAN network, and wherein the transmitter is configured to send the
uplink status report to an eNBr or a superordinated relay.

18. A computer readable memory embodying a program of machine-readable instructions
executable by a digital data processor to perform actions directed toward compiling and
sending an uplink status report, the actions comprising:

receiving from each of a piurality of user equipments an indication of user data volume
waiting to be sent to a relay by the respective user equipment;

determining a relay data volume waiting to be sent from the relay;

compiling the indications of user data volume and the determined relay data volume
into an uplink status report; and

sending the uplink status report towards an access node controlling a cell in which the
relay and the user equipments operate.

19. The computer readable memory of claim 18, wherein the indication of user data
volume comprises a user equipment buffer status report and the relay data volume comprises
occupancy of an uplink data buffer in the relay.

20. The computer readable memory of claim 19, wherein for each of the user equipments
the buffer status report is for individual radio bearer groups that are compiled into a virtual
buffer and determining the relay data volume is for individual radio bearer groups, and

compiling comprises averaging for each radio bearer group across all of the user equipments.

21. The computer readable memory of claim 18, further comprising measuring at the relay
quality for each uplink radic band resource per user equipment, computing an average per
radio band resource across at least those of the plurality of user equipments whose indication

of user data volume is not zero, and sending the average quality per radio band resource.
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22, An apparatus comprising:

receiving means for receiving from each of a plurality of user equipments an
indication of user data volume waiting to be sent to a relay by the respective user equipment;

memory means for storing data from at least some of the user equipments that is
waiting to be sent;

processing means for compiling the indications of user data volume and a determined
data volume of the memory means into an uplink status report; and

transmitting means for sending the uplink status report towards an access node
controlling a cell in which the relay and the user equipments operate.

23. A method comprising:

receiving from a relay node a buffer status report;

determining from the buffer status report a volume of data in queue for the relay node
to send and a volume of data waiting to be sent to the relay node; and

allocating radio resources to the relay node at least in part depending on the volume
of data waiting to be sent to the relay node.

24. The method of claim 23, wherein the volume of data in queue represents a relay
buffer occupancy level per radio bearer group and the volume of data waiting to be sentto the
relay node represents buffer occupancy level per radio bearer group for a plurality of user
equipments under control of the relay node.

25. The method of claim 24, wherein allocating the radio resources comprises allocating
the radio bearer groups.

26. The method of any one of claims 23 through 25, further comprising receiving from the
relay node an indication of link quality for uplink access links between user equipments and
the relay node, and wherein allocating the radio resources to the relay node is atleast in part
also depending on the received link qualities.

27. The method of claim 26, executed by an eNBr of an E-UTRAN system, and wherein
the eNBr determines throughput per radio bearer group based on the received link qualities
combined with the volume of data waiting to be sent to the relay node.

28. The method of claim 26, executed by a superordinated relay node of an E-UTRAN
system.
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29. An apparatus comprising:

a receiver configured to receive from a relay node a buffer status report;

a processor configured to determine from the buffer status report a volume of data in
queue for the relay node to send and a volume of data waiting to be sent to the relay node,
and to allocate radio resources to the relay node at least in part depending on the volume of
data waiting to be sent to the relay node; and

a transmitter configured to send the radio resource allocation to the relay node.

30. The apparatus of claim 29, wherein the volume of data in queue represents a relay
buffer occupancy level per radio bearer group and the volume of data waiting to be sent to the

relay node represents buffer occupancy level per radio bearer group for a plurality of user
equipments under control of the relay node.

31. The apparatus of claim 30, wherein the processor allocates the radio resources
according to radio bearer groups.

32. The apparatus of any one of claims 29 through 31, the receiver further configured to
receive from the relay node an indication of link quality for uplink access links between user
equipments and the relay node, and wherein the processor is configured to atiocate the radio

resources to the relay node at least in part also depending on the received link qualities.
33. The apparatus of claim 32, wherein the apparatus comprises an eNBr of an E-UTRAN

system, and wherein the processor is configured to determine throughput per radio bearer

group based on the received link qualities combined with the volume of data waiting to be
sent to the relay node.

34. The apparatus of claim 32, wherein the apparatus comprises a superordinated relay
node of an E-UTRAN system.
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REPORTING BUFFERING INFORMATION

The invention relates to reporting in a communication system, and
more particularly to reporting of buffering information in a

communication system.

A communication system can be seen as a facility that enables
communication sessions between two or more entities such as user
devices, base stations and/or other stations. A communication
system and compatible communication devices typically operate in
accordance with a given standard or specification which sets out
what the wvarious entities associliated with the system are
permitted to do and how that should be achieved. Communication
protocols and/or parameters which shall ke used for the con-
nection are also typically defined. For example, the manner how
the communication system can be accessed and how communication
shall be implemented between various communicating devices, the
elements of the communication network and/or other associated

nodes is typically based on predefined communication protocols.

A user can access a communication system by means of an ap-
propriate user (communication) device. A user device is often
referred to as user equipment {UE). Users can be provided with
numerous services via their communication devices. Non-limiting
examples of possible services include two~-way or multi-way calls,
data communication or multimedia services or simply an access to

a data communication network system, such as the Internet.

In a wireless communication system at least a part of the
communication between at least two communicating devices, or
wireless stations, occurs over a wireless 1link. Examples of
wireless systems include public land mobile networks (PLMN),

satellite based communication systems and different wireless
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local networks, for example wireless local area networks (WLAN) .
The wireless systems can be divided into cells, such systems being

cften referred to as cellular systems.

A user device and other stations are provided with an appropriate
signal receiving and transmitting apparatus for enabling
communications with other stations. In wireless systems a user
communication device can communicate with for example a base
station of an access network and/or another communication device

such as another user equipment.

3 Generation Partnership Project (3GPP) is standardizing an
architecture that is known as the long-term evolution (LTE) of
the Universal Mobile Telecommunications System (UMTS) ra-
dio—~access technology. The aim is to achieve, inter alia, reduced
latency, higher user data rates, improved system capacity and
coverage, and reduced cost for the operator. A further de-
velopment of the LTE is referred to herein as LTE-Advanced. The
LTE-Advanced aims to provide further enhanced services by means
of even higher data rate and lower latency with reduced cost. The
various development stages of the 3GPP LTE specifications are
referred to as releases. Backward compatibility of LTE-Advanced

with earlier versions of the LTE weould be desired.

In particular in the initial network development phase building
of cost-effective coverage may be desired by network operators.
There are alsc other reasons for extending the coverage of an
access point such as a base station. Relaying has been proposed
as a possibility to enlarge the coverage of a base station. Apart
from this goal of coverage extension, relaying may also help in
provision of high-bit-rate coverage in high shadowing envi-
ronment, reducing average radio-transmission power at the user
eguipment (UE), thereby leading to improved battery life. More
effective throughput may also be achieved, for example because

of increased cell-edge capaclity, better balancing of cell load
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and enhanced overall performance and deployment cost of radio
access networks (RAN). Already for these reasons relaying is
considered as a potential feature of the LTE-A, and it can be
contemplated that for future LTE standard releases, releases 9

and upwards, relay nodes {(RNs) are provided.

The design of non-transparent relay concept with back-
ward-compatibility with the existing LTE compatible devices, for
example with devices known as LTE release 8 compatible equipment
would be desired. It may also be desired to keep the software and
even hardware updates as small as practically possible at the

network side.

Relaying between stations can be provided by entities referred
to as relay stations (RSs) or relay nodes {RNs). The relay nodes
can be fixed, for example other base stations, or mobile, for
example mounted on a high-speed train. In some systems the
relaying nodes or stations may be provided by opportunistically
available user equipments / mobile terminals that are not as such
a part of the communication network. A relay node (RN) can be
wirelessly connected to the communication system, typically to
a station connected to a radic-access network. Such a station is
often referred to as a donor station or donor cell., The donor
station provides rescurces for wireless backhauling, or a

backhaul link, for the relay.

Reporting of information regarding the buffers status of the user
equipment has been proposed. For example, LTE provides a
mechanism known as buffer status reporting for providing the
serving base station, and more particularly the serving LTE
enhanced NodeB (eNB), with information abocut the amount cof data
available for transmission in the uplink buffers of the user
equipment (UE). The particular reports generated and sent in the
uplink to the serving base staticon by the user egquipment are

called buffer status reports {BSR). The serving base station is
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able to support quality of service (QoS) aware packet scheduling
over the uplink based on buffering information contained in the
repoxrts. This is so because the serving station can take the
buffer status at the respective user equipments into consid-
eration. The information assists in avoiding buffer overflows and
unnecessary dropping of data connections due to unavailable

uplink grants.

More particularly, the buffer status report (BSR) is provided
from the user equipment to the serving eNB via medium access
control (MAC) signaling by means of an appropriate buffer status
report (BSR) MAC control element. The BSR MAC control element can
consist of a short BSR or a truncated BSR format or a long BSR
format. All the formats include a buffer size field which
identifies the total amount of data available across all logical
channels of a logical channel group (LCG) after the MAC protocol
data unit (BDU) has been built. The currently defined length of
the buffer size field of the buffer status report is 6 bits. The
values of the field present the number of bytes in the buffer of

the user eguipment, and range from 0 to 150000 bytes.

In a relaying scenario where the relay node (RN) is provided by
a user equipment it is possible that the user equipment acting
as a relay node reports the buffer status thereof in the same
manner as user egquipments report the status in the LTE when no
relaying is used. This helps the donor eNB to schedule proper
uplink backhaul resources for the relay node as well as the uplink
flow control. However, a relay node can also simultaneocusly serve
multiple user equipments and thus a considerable volume of data
may aggregate at the relay node. Because of this the buffer
capacity at the relay nodes should be higher than that at the
individual user equipments. Also, the peak data rate on the
backhaul links can be higher than on the access links. Thus the
serving or donor eNB should not treat relay nodes and user

equipment in the same way as the buffer of a relay node may be

4
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considerably larger and thus far from overflow compared to the
buffer of the user equipment. Moreover, in the current reporting
structure, if the buffer size of & relay node exceeds 150000 bytes,
all buffer status reports (BSR) thereof fall into the maximum
range, 1.e. the report would indicate a buffer size that is higher
than 150000 bytes. This may not appropriately present the true
buffer status at the relay node.

Another issue relates to flow control. The current proposals
focus on downlink (DL) flow contrcl by indicating additional
downlink buffer—-related information from user equipment to the
serving eNB. The current proposals consider the buffer status
reports atso as a solution for the uplink (UL) flow controcl.
However, the inventors have recognized that the above discussed
limitation in view of buffer size information may have an impact

in relatiocn of uplink flow control.

It is noted that the above discussed issues are not limited teo

any particular communication environment, but may cccur in any

appropriate communication system where relaying may be provided.

Embodiments of the invention aim to address one or several of the

above 1ssues.

In acceordance with an embodiment there is provided a method
comprising sending a buffer information report to a system
station from a node for relaying communications between at least
one user statien and the system station, the report being
generated based on a report format used for uplink reporting by
a user station and sending an indication toc the system station
that the node for relaying has different buffering capabilities

than the user station.

In accordance with another embodiment there is provided a method

comprising receiving a buffer information report from a node for

5
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relaying communications between at least one user station and a
system station, the report being generated based on a report
format used for uplink reporting by a user station, receiving an
indication that the node for relaying has different buffering
capabilities than the user station, determining the buffering
capabilities of the node for relaying based on the buffer
information report and the indication, and controlling com-
munications between the system station and the node for relaying

accordingly.

In accerdance with another embodiment there is provided an
apparatus, comprising means for causing sending of a buffer
information report to a system station from a node for relaying
communications between at least one user station and the system
station, the report being generated based on a report format used
for uplink reporting by a user station, and means for causing
sending of an indication to the system stabion that the node for
relaying has different buffering capabilities than the user

station.

In accordance with another embodiment there is provided an
apparatus comprising means for receiving a buffer information
report from a node for relaying communications between at least
one user station and a system station, the report being generated
based on a report format used for uplink reporting by a user
station, and control means for processing an indication that the
node for relaying has different buffering capabilities than the
user station, for determining the buffering capabilities of the
node for relaying based on the received buffer information report
and the indication, and for controlling communications between

the system station and the node for relaying accordingly.

In accordance with a yet another embodiment there is provided a
buffer information message for reporting buffer information to

a system station from a node for relaying communications between
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at least one user station and the system station, the buffer
information message comprising a buffer status report for uplink
reporting by a user station and an indication that the node for
relaying has different buffering capabilities than the user

station.

In accordance with a more detailed embodiment the indication can
be based on the number of user staticons served by the node for
relaying. The indication may comprise the number of user stations
served by the node for relaying. The indication may comprise an
indication that the buffer size of the node for relaying is
extended from that of the user equipment and information of the

size of the extension.

The buffer information report may indicate the buffer size of a
user equipment and the indication may provide a buffer extension
factor, wherein the buffer capabilities of the node for relaying
are defined as a function of the buffer size and buffer extension
factor. The indication may be based at least partially on the

buffer capability of the node for relaying.

The indication may be communicated within the buffer information
report. For example, the buffer information report may comprise
a buffer status report provided with an information element
containing said indication. The buffer status report may comprise
an extension including said indication. The indication
may be provided by increasing the length of the buffer size field

cf a buffer status report.

Alternatively, said indication may be communicated separately
from the buffer information report. The buffer size of the node
for relaying mat then be determined by multiplying the buffer size
indicated by a buffer status report by separately signalled
indication of the number of user stations connected to the node

for relaying. Said indication may be communicated in a radio
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resource control message or an admission control message and the
buffer information report may be communicated in a medium access

contreol message.

A computer program comprising program code means adapted to
perform the methods may alsc be provided. In accordance with
further embodiments apparatus and/or computer program product
that can be embodied on a computer readable medium for providing

at least one of the herein described methods is provided.

Various other aspects and further embodiments are described in

the fellowing detalled description and in the attached claims.

The invention will now be described in further detail, by way of
example only, with reference to the feollowing examples and

accompanying drawings, in which:

Figure 1 shows an example of a communication system in which
the embodiments of the invention may be implemented;

FPigure 2 illustrates schematically the relation between a user
station, a node for relaying and a system station;

Figure 3 shows an example of a controller for a station:

Figure 4 shows a flow chart for repcrting buffer information
in accordance with an embodiment;

Figures 5 to 10 show reports in accordance with certain
embodiments; and

Figure 11 shows a signalling flow chart for reporting in

accordance with an embodiment.

In the following certain exemplifying embodiments are explained
with reference to wireless or mobile communication systens
serving mobile communication devices. Before explaining in
detail the certain exemplifying embodiments, certain general

principles ¢of a wireless communication system and the elements
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thereof are briefly explained with reference to Figures 1 to 3

to assist in understanding the herein described embodiments.

In a wireless system a user can be provided with a station such
as a user equipment or device 1 that can be used for accessing
various services and/or applicaticns. The access can be provided
via an access interface bketween the user devices 1 and an
appropriate wireless access point. An appropriate user device or
staticon 1 may be provided by any device capable of sending and
receiving radio signals. Non-limiting examples include a mobile
station (MS), a portable computer provided with a wireless
interface card or other wireless interface facility, personal
data assistant (PDA) provided with wireless communication
capabilities, ocr any combinations of these or the like. Awireless
mobile cemmunication device 1s often referred to as a user

equipment (UE).

The communication devices 1 of Figure 1 may be used for voice and
video calls, for accessing service applications provided via a
data network. Each device 1 may receive signals via an appropriate
radio receiver of the device (not shown for clarity). The receiver
may be provided for example by means of a radlo part and associated
antenna arrangement. The antenna arrangement may be arranged
internally or externally to the mobile device. A mobile device
is alsco typically provided with at least one data processing
entity, at least one memory and other possible components for use
in tasks it is designed to perform. A relevant memory facility
in this context is the buffering capability. The data processing,
storage and other entities can be provided on an appropriate
circuit board and/or in chipsets. Each mobkile device 1 may have
one or more radio channels open at the same time and may receive
signals from more than one base station and/or other commu-

nication device.
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The wireless user devices can access the communication system
based on wvarious access technigues, such as code division
multiple access {(CDMA), or wideband CDMA {(WCDMA), the latter
technique being used by communication systems based on the third
Generation Partnership Project (3GPP) specifications. Other
examples include time division multiple access (TDMA), frequency
division multiple access (FDMA), space division multiple access
(SDMA) and so on. In a wireless system a network entity such as
a base station provides an access node for communication devices.
Other non-limiting examples of appropriate access nodes are a
base station of a celluliar system, a base station of a wireless
local area network (WLAN) and/or WiMax (Worldwide Interop-
erability for Microwave Access) . Anon—~limiting example of mobile
architectures where the herein described principles may be
applied is known as the Evolved Universal Terrestrial Radic
Access Network (E-UTRAN) wherein base stations are provided by
means of enhanced NodeBs (eNBs). The eNBs may provide E-UTRAN
features such as user plane Radio Link Control/Medium Access
Control/Physical layer protocel (RLC/MAC/PHY) and control plane
Radio Resource Control (RRC) protocel terminations towards the

usecr devices.

In the Figure 1 example the base stations 10 and 20 are each
configured to provide radio coverage area or a cell. The base
stations can provide one or more cells. In the example of Figures
1 and 2 base station 20 provides the serving station or a donor
station of the communication system and base station 10 provides
a relay node. The relevance of the relation between a donor
station and nodes for relaying will be discussed in more detail

later in this description.

A base station is typically controlled by at least one appropriate
controller entity so as to enable operation thereof and man-
agement of mobile user devices in communication with the base

station. The controller entity is typically provided with memory

10
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capacity and at least one data processcr. The control entity can

be interconnected with other control entities.

In Figure 1 the

controller is shown to be provided by bleock 13 comprising at last

one processor 14 and at least one memory 15. However, it shall

5 be understood that the

control functions

may be provided

differently fromtithis example. For example, the control functions

may be distributed between a plurality of controller units.

Figure 3 shows an example of a controller apparatus 30 for a relay

1.0 node comprising at least one memory 31,

at least one data

processing unit 32 and an input/output interface 34. The control

apparatus further comprises a buffering entity 33. The controller

may be configured to execute an appropriate software code to

provide the desired contrel functionality.

15

Although not shown, a gateway function between the access systems,

the core network and/or another network such as the packet data

network may be provided by means of appropriate gateway nodes.

Therefore, regardiess of the gateway arrangement,

the serving

20 base station 20 is shown te be connected to a data network 22.

In Figure 1 at least one of the base stations 10 can act as a relay

node between the user equipments 1 and the serving base station

20 of the communication system. Communications between the user

25 eguipments 1 and the base station / relay node 10 can be provided

by a duplex link (see also Figure 2).

Communications between the

base station / relay node 10 and the base station 20 can also be

provided by means of a duplex link.

30 Considering now the exemplifying relay nodes of the 3GPP. Up to

now, the 3GPP has only defined a “type 1”7 relay node (RN). A type

1 relay node is an inband relaying node that has a separate

physical cell identity

transmission request (HARQ)

35 compatible to Release
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definition for the nodes and the interfaces as shown in figure
2 has also been agreed. The interface between the user eguipment
(UE} 1 and relay node 10 is named as Uu interface and the link
is seen as an access link. Considering the backward compatibility
requirements, the interface between the user equipment and the
relay node can be consistent with the Release 8 interface of the
LTE. The link between the relay nede 10 and the serving base
station, or a donor eNB (DeNB) if the language of the 3GPP LTE
is to be used, is considered as a backhaul link. This interface
is denoted in the example as an Un interface. The definitions of
the backhaul interface are currently still open and are yet to
be specified in 3GPP. Nevertheless, the basic principle of
backhauling between a relay node and a donor station can be seen

from Figure 2.

The following examples are given with reference to a possible
buffer information reporting arrangement for advanced long term
eveolution {(LTE-A) of the 3GPP. In the LTE buffer status reporting
procedure can be used in the uplink to provide the serving system
eNB 20 with information about the amount of data available for
transmission in the uplink buffers (UL) of the user egquipments
(UE) 1. With this information, the serving eNB can offer improved
support for quality of service aware packet scheduling over the
uplink, taking into consideration the buffer statuses of the

respective user egquipments.

In the examples described below with reference to Figures 4 to
10 use of a buffer status information reporting capability of a
user station in the uplink is utilised by extending the use
therecf to the Pkackhaul link between the relay node and the
serving base station of the communication system. In the examples
the serving base statlon is provided by eNB 20 and the relay nodes
are provided by eNBs 10. In the described embodiments buffer
status reports (BSR) and/or any other appropriate metric is used

to provide a mechanism for reflecting the buffer size at the relay

12
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node and/or the buffer size at user equipments connecting to the
relay node. In the examples the relay node can send, for example,
an extended BSR (E-BSR) to the donor eNB. The E-BSR can be sent
and the buffering information delivered, for example, by means
of medium access control control element (MAC CE) and/or radio

resource control (RRC) signalling.

Operation of the relay node and serving node in accordance with
an embodiment is illustrated by the flowchart of Figure 4. As
shown in the flowchart of Figure 4, the reporting mechanism is
extended to cover alsco the backhaul link such that the greater

buffer sizes of the relay nodes can be taken into account.

In the shown embodiment the relay nodes detects at 100 that it
is relaying for a plurality of user stations. The relay node then
generates at 102 a buffer information report based on a buffer
report format used by at least one user station. Whilst the user
stations can use this report for reporting their buffer status
on an access link, in here the report is used for reporting relay
node buffer information in the backhaul uplink. To generate the
report the relay node may generate a new report in accordance with
the report format typicaily used by the user staticons for uplink
reporting, and include information regarding its buffer at 104
to this newly generated report. Alternatively, the relay node can
use a report received from a user station on the access link as
a base, and add further buffer information relating to its
buffering capabilities at 104 to the report before forwarding the
report to the backhaul link.

Information that the relay node may include at 104 into the report
comprises information regarding the buffer that is maintained at
the relay node. It may additionally include or forward buffer
status information it has received from the user stations. For
example, the relay node can include in the report an indication

regarding the buffering capabilities thereof. An example of such

13
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indication is an indication that the relay node has different
buffering capabilities from what would be the buffer capability
of a user station it is serving, and shall therefore be treated

differently.

The indication can be given, for example, in the form of an
indication of the size of the buffer of the relay node. The size
can be indicated in various ways, for example as a multiple of
the buffer size of a user station, as a number of user stations
served by the relay node, and so on. In the detailed examples below

the indication is given by a buffer extension factor.

The relay node then sends at 106 the buffer information report
with the buffering information to a serving base station. The
serving base station receives the report at 108. It can determine
at 110 that the buffer infeormation report includes an indication
that the relay node has different buffering capabilities from the
buffer capability of a user station. Upon determining of the
buffering capabilities of the relay node, the serving base
station can make any required computations, for example com-
putations as discussed below in the detailed examples, and
control communications with the node for relaying accordingly at

112.

Figure 5 shows a more detailed example where the indication is
provided by means of an extension factor (EF). The extension
factor can be included in a medium access control (MAC) control
element (CE) provided by a short buffer status report. The
extended buffer status report (E-BSR) 50 comprises a normal
buffer status repert (BSR) part 52 as used by a user equipment
for uplink reporting in octet 1. An indication 53 of buffer
extension is included in octet 2. In the example of Figure 5 the
indicator 53 is provided by an extension factor (EF) information

element (IE).

14
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The extension factor can be a value that is indicative of how much
the buffer size of the relay node shall be extended. For example,
the extension factor can be expressed as an integer representing
the number of user equipments that are currently connected to the
relay node. According to another possibility the factor is
decided based on the relay node buffer capability. For example,
a table of increased ranges for the buffer capability can be

defined, and these can be used for the reporting.

For short or truncated E-BSR 50, the extension factor can be
applied to extend the buffer size corresponding to the logical
channel group (LCG) as indicated by the Logical Channel Group
Identity (LCG ID) 51 in the normal BSR part 52. The extension
factor can be defined as an integer number, the number being

indicative how much to extend the buffer size.

Figure 6 shows a long extended buffer status report 54 comprising
four buffer size fields corresponding to LCG IDs #1 through #4
in octets 1 - 3. For a long E-BSR 54 shown in Figure 6, a common
extension factor information element 56 in octet 4 can be applied
to the buffer sizes corresponding to all logical channel groups
(LCGs) in the normal BSR part. Alternatively, different extension
factors can be provided to be applied to the different LCGs,

respectively.

The serving station, i.e. the donor eNB 20 of Figures 1 and 2,
then receives the report. The donor eNB detects that the report
is an E-BSR, where after it can consider the buffer size as a
function of the buffer size indicated in the normal BSR part and
the extension factor. For example, the donor eNB can multiply the

BSR of part 52 by the extension facltor of part 53 in Figure 5.

Use of an extended BSR can be triggered when it is determined that
the extension factor needs to be changed. The relay node can

determine this based on its buffer status. In case there is no

L5
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need for a change in the extension factor it can remain the same
as in the previous report. In such instance it is possible to
use the normal BSR for reporting, and the donor eNB can calculate
the buffer size of the relay nede by multiplying the value of the
most recent BSR by the previocusly received extension factor. Thus
the most recent extension factor can be used as default until

anything else is indicated.

In accordance with a possibility a default extension factor can
be used in response to reception of a report indicative that the
reporting node is provided with different buffer capabilities
from that of the user equipment. The default can be based on
averages or estimates of the number of simultanecusly served user

equipments and so on.

In accordance with an option, an extension factor is always
applied to buffer information reports froma relay node. A default
extension factor equalling one can be used by the serving station
unless another extension factor is indicated by the buffer

information report from the relay node.

In accordance with a possibility the relay node and the serving
station will use as a default extension factor the number of user
equipments connected to the relay node unless nothing else is
indicated. An example of such indication is where the relay node
includes a weighting factor to indicate to the serving station

that a different extension of the buffer size is to be applied.

Figure 7 shows another embodiment wherein an indication of a relay
node buffer reporting instead of user equipment reporting is
provided by extending the field gize of a short or truncated
buffer status report. In this embodiment the E-BSR 58 includes
the same information elements as a normal BSR but the length of
the buffer size field 59 is extended from 6-bit to N-bit (N=6).
The eNB can then detect that the field is longer than it would

16
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be in a report received form a user equipment, this indication
triggering use of a different buffer size. The different buffer
size can then be indicated by the extra bits, or a default value
can be used once the indication of a relay node has been detected.
For example, a default of 2, 3 or 4 simultanecusly communicating
user equipments, or any other factor descriptive of an average

buffer size of the relay node could be used.

Figure 8 illustrates an example for use of extended field sizes
as an indicator in the case of long buffer status reports for four
different fields corresponding to LCG IDs #0 through #3 in octets
1 - 4. For a long E-BSR 60 shown in Figure 8, a common extension
factor information can be applied to the buffer sizes corre-—
sponding to all logical channel groups (LCGs). Alternatively,
different extension factors can be provided to be applied to the

different LCGs.

According to yet further examples shown in Figures 9 and 10, the
extension factor information is transmitted separately in a
report message that is based on the normal buffer status report
{BSR). E-BSR 62 of Figure 9 includes the extension factor (EF)
information 64 in octet 1 after the LCG ID field 63. In this
arrangement the extension factor is common for all members of the
logical channel group (LCG). According to a possibility shown in
Figure 10, different extension factors can be provided in field

&7 of report 66 for different members of the LCG.

A Logical Channel Tdentity (LCID) can be assigned dedicatedly for
each E-BSR MAC control element. In order to identify the E-BSR
MAC control element, a dedicated LCID can be defined, for example,

as shown in Table 1 below.

17
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Index LCID values

goooo CCCH

00001-01010 Identity of +the logical
channel

01011-11001 Reserved

11010 Power Headroom Report

116011 C-RNTI

11100 Truncated BSR

11101 Short BSR

11110 Long BSR

11111 Padding

XXXXX Extended BSR

Table 1: Values of LCID for UL-~-SCH

Instead of signalling the extension factor explicitly in buffer
status signalling, the extension factor or other indication of
the number of user equipments attached toc the relay node can be
aligned with the number of the user equipments which has been
communicated by means of other signalling, for example by means
of admission control or radio resourge control {(RRC) signalling.
Figure 11 shows use of radio rescurce control (RRC) signalling
for communicating the buffer status indication from the relay
node to the doner station. Extension of a buffer status report
{(BSR) can be achieved based on use of RRC signalling for example
by including an indicaticon of an extension factor in a message
such as a relay node capability information message. The ex-
tension factor can be decided, for example, based on the relay
node buffer capacity. The exemplifying RRC signalling can make
use of a user equipment capability information message as defined

by the 3GPP.

In the following transmission, upon reception of the actual

buffer status report (BSR) from the relay node 10, the donor eNB

18
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20 calculate the buffer size at relay node 10 as a function of

the value presented by the buffer size in the BSR and the extension

factor information received in the capability information

message. For example, a value of the BSR can be multiplied by the

5 value indicated by an extension factor. An advantage of this

embodiment is that it does not necessarily increase MAC sig-

nalling overhead after the buffer size is indicated.

The proposed buffer information reporting scheme allows a relay

10 node to indicate its uplink buffer status in a wider range of

options and hence to avoid inceorrect indication feor example in

case of out of range cof “normal” uplink reperting schemes., This

embodiment may also improve the performance of the system. The

above described embodiments are also backward compatible to

15 release 8 of the LTE.

The reguired data processing apparatus and functions of a relay

node and a base station apparatus in the system side as well as

an appropriate user device may be provided by means of one or more

20 data processors. The above described functions may be provided

by separate processors or by an integrated processor. The data

processing may be distributed across several data processing

modules. A data processor may be provided by means ¢f, for example,

at least one chip. Appropriate memory capacity can also be

25 provided in the relevant nodes. An appropriately adapted computer

program code product or products may be used for implementing the

embodiments, when loaded on an appropriate data processing

apparatus,

for example in a processor apparatus 13 associated

with the base station 20 shown in Figure 1 as an example of a

30 serving station and the apparatus of Figure 3 for a node for

relaying. The program code product for providing the coperation

may be stored on, provided and embodied by means of an appropriate

carrier medium. An appropriate computer program can be embodied

on a compuier readable record medium. A possibility 1s to download

35 the program code product via a data network.
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The above exemplifying embodiments provide ways how relay nodes
can extend use of buffer status reports used by the user stations.
The report format can be enhanced for a backhaul link between a
relay node and a station of the access system that is actually
serving the user station, for example a doncr eNB (DeNB). This
may be needed because the buffer sizes of the relay nodes can be
censiderably larger than what is available for buffering in a user

station.

It 1s noted that whilst embodiments have been described in
relation to LTE, similar principles can ke applied to any other
communication system where relaying is employed. Therefore,
although certain embodiments were described above by way of
exanmple with reference to certain exemplifying architectures for
wireless networks, technologies and standards, embodiments may
be applied to any other suitable forms of communication systems

than those illustrated and described herein.

It is also noted herein that while the above describes exem-—
plifying embodiments of the invention, there are several
variations and modifications which may be made to the disclosed
solution without departing from the scope of the present in-

vention.

20
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What is claimed is:

1. A method comprising:

sending a buffer information report to a system station from
a node for relaying communications between at least one user
station and the system station, the report being generated based
on a report format used for uplink reporting by a user station:
and

sending an indication to the system station that the node for
relaying has different buffering capabilities than the user

station.

2. A method comprising:

receiving a buffer information report from a node for
relaying communications between at least one user station and a
system station, the report being generated based on a report
format used for uplink reporting by a user station;

receiving an indication that the node for relaying has
different buffering capakilities than the user station;

determining the buffering capabilities of the node for
relaying kased on the buffer information report and the in-
dication; and

controlling communications between the system station and

the node for relaying accordingly.

3. A method as claimed in claim 1 or 2, wherein the indication

is based on the number of user stations served by the node for

relaying.

4. A method as claimed in <¢laim 3, wherein the indication
comprises the number of user stations served by the node for

relaving.

5. A method as claimed in any preceding claim, wherein the

indication comprises an indication that the buffer size of the

21
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node for relaying is extended from that of the user eguipment and

information of the size of the extension.

6. Amethod as claimed in any preceding claim, wherein the buffer
information repcrt indicates the buffer size of a user equipment
and the indication provides a buffer extension factor, the method
comprising defining the buffer capabilities of the node for
relaying as a function of the buffer size and buffer extension

factor.

7. A method as claimed in any preceding claim, wherein the
indication is based at least partially on the buffer capability

of the node for relaying.

8. A method as claimed in any of claims, wherein a buffer size

extension is applied to all members of a logical channel group.

9. Amethodas claimed in any of claim 1 to 7, wherein a different
buffer size extension is applied to at least one member of a

logical channel group.

10. Amethod as claimed in any preceding c¢laim, wherein the buffer
information report comprises a medium access control control

element.

11. A method in accordance with claim 2, or any claim dependent
on claim 2, comprising determining that the buffer information

report includes the indication.

12. A method in accordance with claim 2 or any claim dependent
on claim 2, comprising determining the buffer size of the node
for relaying based on an extension factor that has been received

earlier or based on a default extension factor,

22
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13. A method as claimed in any preceding claim, comprising
communicating the indication within the buffer information

report.

14. A method as claimed in claim 13, wherein the buffer in-
formation report comprises a buffer status report provided with

an information element containing said indication.

15. A method as claimed in claim 14, wherein the buffer status

report comprises an extension including said indication.

16. A method as claimed in any of claims 11 to 14, wherein the
indication is provided by increasing the length of the buffer size

field of a buffer status report.

17. A method as claimed in any of claims 1 to 12, comprising
signalling said indication separately from the buffer infor-

mation report.

18. A method as claimed in claim 17, comprising determining the
buffer size of the node for relaying by multiplying the buffer
size indicated by a buffer status report by separately signalled
indication of the number of user stations connected to the node

for relaying.

19. A method as claimed in claims 17 or 18, comprising separate
signalling of said indication in a radio resource control message
or an admission control message and the buffer information report

in a medium access control message.

20. A method as claimed in any preceding claim, comprising
detecting at the node for relaying a need to send said indication

to the system station.

23
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21. An apparatus, comprising:

means for causing sending of a buffer information report to
a system station from a node for relaying communications between
at least one user station and the system station, the report being
generated based on a report format used for uplink reporting by
a user statlon; and

means for causing sending of an indication to the system
station that the node for relaying has different buffering

capabilities than the user station.

22. An apparatus comprising:

means for receilving a buffer information report from a node
for relaying communications between at least one user station and
a system station, the report being generated based on a report
format used for uplink reporting by a user station; and

control means for processing an indication that the node for
relaying has different buffering capabilities than the user
station, for determining the buffering capabilities of the node
for relaying based on the received buffer information report and
the indication, and for controlling communications between the

system station and the node for relaying accordingly.

23. An apparatus as claimed in claim 21 or 22, wherein the
apparatus is configured to process an indication that is based

on the number of user stations served by the node for relaying.

24, An apparatus as claimed in claim 23, wherein the indication
comprises the number of user stations served by the node for

relaying.

25. An apparatus as claimed in any of claims 21 to 24, wherein
the apparatus is configured to process an indication that the
buffer size of the node for relaying is extended from that of the

user equipment and informaticn of the size of the extension.

24
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26. An apparatus as claimed in any of claims 21 to 25, wherein
the apparatus is configured to process a buffer information
report that indicates the buffer size of a user equipment and
wherein the indication provides a buffer extension factor and the
buffer capabilities of the node for relaying are defined as a

function of the buffer size and buffer extension factor.

27. An apparatus as claimed in any of c¢laims 21 to 26, wherein
the apparatus i1s configured to process an indication that is based
at least partially on the buffer capability of the node for

relaying.

28. An apparatus as claimed in claims 22 or any claim dependent
on claim 22, wherein the control means is configured to determine
the buffer size of the node for relaying based or an extension
factor that has been recelved earlier or based on a default

extension factor.

29. Bn apparatus as claimed in any of claims 21 to 28, wherein
the apparatus is configured to communicate the indication within

the buffer information report.

30. An apparatus as claimed in claim 29, wherein the buffer
information report comprises a buffer status report and said
indication is included into an extension of the buffer status

report.

31. An apparatus as claimed in any of claims 21 to 28, wherein

the apparatus is configured to communicate said indication

separately from the buffer information report.
32. An apparatus as claimed in claim 31, wherein the buffer size

of the node for relaying is determined by multiplying the buffer

size indicated by a buffer status report by a separately signalled
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indication of the number of user stations connected to the node

for relaving.

33. A computer program comprising program code means adapted to
5 perform the steps of any of claims 1 to 20 when the program is

run on a data processing apparatus.

34. A relay node comprising the apparatus as claimed in claim

21 or any claim dependent on claim 21.

10

35. A base station comprising the apparatus as claimed in claim

22 or any claim dependent on claim 22.

36. A communication system comprising the apparatus as claimed

15 in any of claims 21 to 32.

37. A buffer information message for reporting buffer in-
formation to a system station from a node for relaying com-
munications between at least one user station and the system
20 station, the buffer information message comprising

a buffer status report for uplink reporting by a user station;
and

an indication that the node for relaying has different

buffering capabilities than the user station.

25

238. A buffer information report as claimed in claim 37, wherein
the indication comprises an extension factor contained in an

extension of the buffer status report.

26
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IN THE CLAIMS

This listing of the claims will replace all prior versions, and listings, of the claims in
this application.

1. (Original) A method comprising:
sending a buffer information report to a system station from a node for relaying
communications between at least one user station and the system station, the report

being generated based on a report format used for uplink reporting by a user station;
and

sending an indication to the system station that the node for relaying has different
buffering capabilities than the user station.

2. (Cancelled)
3. (Cancelled)

4. (Cancelled)

5. (Currently Amended) A method as claimed in ary-preceding-claim_1, wherein the
indication comprises an indication that the buffer size of the node for relaying is

extended from that of the user equipment and information of the size of the
extension.

6. (Currently Amended) A method as claimed in-any-preceding-claim_1, wherein the
buffer information report indicates the buffer size of a user equipment and the
indication provides a buffer extension factor, the method comprising defining the

buffer capabilities of the node for relaying as a function of the buffer size and buffer
extension factor.

7. (Cancelled)

8. (Cancelled)
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9. (Cancelled)

10. (Currently Amended) A method as claimed in any-preceding-claim_1, wherein
the buffer information report comprises a medium access control eentrel-element.

11. (Cancelled)
12. (Cancelled)
13. (Cancelled)
14. (Cancelled)
15. (Cancelled)

16. (Cancelled)

17. (Canceled)
18. (Cancelled)

19. (Currently Amended) A method as claimed in elaims—+7or18claim 1, comprising
separate signalling of said indication in a radio resource control message or an
admission control message and the buffer information report in @ medium access
control message.

20. (Cancelled)

21. (Original) An apparatus, comprising:
means for causing sending of a buffer information report to a system station from
a node for relaying communications between at least one user station and the system

station, the report being generated based on a report format used for uplink reporting by
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a user station; and

means for causing sending of an indication to the system station that the node for
relaying has different buffering capabilities than the user station.

22. (Cancelled)
23. (Cancelled)

24, (Cancelled)

25. (Currently Amended) An apparatus as claimed in any-of-claimsclaim 21-te-24,
wherein the apparatus is configured to process an indication that the buffer size of

the node for relaying is extended from that of the user equipment and information of
the size of the extension.

26. (Currently Amended) An apparatus as claimed in any-of-claimsclaim 21-te-25,
wherein the apparatus is configured to process a buffer information report that
indicates the buffer size of a user equipment and wherein the indication provides a
buffer extension factor and the buffer capabilities of the node for relaying are defined

as a function of the buffer size and buffer extension factor.
27. (Cancelled)

28. (Canceled)

29. (Currently Amended) An apparatus as claimed in any-of-claimsclaim 21-te0-28,
wherein the apparatus is configured to communicate the indication within the buffer
information report.

30. (Original) An apparatus as claimed in claim 29, wherein the buffer information
report comprises a buffer status report and said indication is included into an

extension of the buffer status report.
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31. (Cancelled)
32. (Cancelled)
33. (Cancelled)
34. (Cancelled)
35. (Cancelled)
36. (Cancelled)
37. (Cancelled)

38. (Cancelled)

39.  (New) A method comprising:

receiving a buffer information report from a node for relaying communications between
at least one user station and a system station, the report being generated based on a
report format used for uplink reporting by a user station;

receiving an indication that the node for relaying has different buffering capabilities than
the user station;

determining the buffering capabilities of the node for relaying based on the buffer
information report and the indication; and

controlling communications between the system station and the node for relaying
accordingly.

40. (New) A method as claimed in claim 39, wherein the indication comprises an
indication that the buffer size of the node for relaying is extended from that of the user

equipment and information of the size of the extension.

41.  (New) A method as claimed in claim 39, wherein the buffer information report
indicates the buffer size of a user equipment and the indication provides a buffer
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extension factor, the method comprising defining the buffer capabilities of the node for
relaying as a function of the buffer size and buffer extension factor.

42. (New) A method as claimed in claim 39, wherein the buffer information report
comprises a medium access control element.

43. (New) A method as claimed in claim 39, comprising separate signalling of said
indication in a radio resource control message or an admission control message and
the buffer information report in a medium access control message.

44,  (New) An apparatus comprising:
means for receiving a buffer information report from a node for relaying
communications between at least one user station and a system station, the report

being generated based on a report format used for uplink reporting by a user station;,
and

control means for processing an indication that the node for relaying has different
buffering capabilities than the user station, for determining the buffering capabilities of
the node for relaying based on the received buffer information report and the indication,
and for controlling communications between the system station and the node for
relaying accordingly.

45.  (New) An apparatus as claimed in claim 44, wherein the apparatus is configured
to process an indication that the buffer size of the node for relaying is extended from
that of the user equipment and information of the size of the extension.

46. (New) An apparatus as claimed in claim 44, wherein the control means is
configured to determine the buffer size of the node for relaying based on an

extension factor that has been received earlier or based on a default extension
factor.

47. (New) An apparatus as claimed in claim 44, wherein the apparatus is

configured to communicate the indication within the buffer information report.

48.  (New) An apparatus as claimed in claim 44, wherein the buffer information report
comprises a buffer status report and said indication is included into an extension of the

buffer status report.
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REMARKS

This amendment cancels claims 2-4, 7-9, 11-18, 20, 22-24, 27-28 and 31-38 without
prejudice or disclaimer, and removes the multiple dependencies from the claims.
The amendment was not made for reasons related to patentability, and the full

range of equivalents for all of the elements of the amended claims, as well as for all
of the other claims, should remain intact.

New claims 39-48 are original claims 2, 5, 6, 10, 19, 22, 25, 28, 29, and 30,
respectively, without multiple dependencies or without intermediate dependencies.

A favorable consideration that results in the allowance of all of the pending claims is
earnestly solicited.

Respectfully submitted:

/% é'//)///l

Robert J. Madri Date
Reg. No.: 41,180

Customer No.: 29683
HARRINGTON & SMITH
Attorneys at Law, LLC

4 Research Drive

Shelton, CT 06484-6212
Telephone: (203) 925-9400
Facsimile:  (203) 944-0245

Page 154 of 284



25/01 72010 16:52 FAX 8601058785544 KING AND %poD ™02
’ ; ' PCT/CN2009/075663

v

SheetNo. .......

Box No. VIII (lv) DECLARATION: INVENTORSHIP (only for the purposes of the designation of the United States of Amcrica)

The daclaration must confarm to the following standardized wording providad for in Ssction 214; soc Notes to Boxes Nas, VIl Vill W (v
{in ganeral) and the specific Notes (o Box No. VI (iv). If this Box is not usad, this sheet should not be included in the request,

Declaration of inventorship (Rules 4.37(lv) and S1bfs.1(x)(Hv))
for the purposes of the designation of the Unfted States of America:

T horeby declure that [ bolieve I am the origina), first and selc (if only one invontor iz listed below) or joini (if more than one invenlor
is listod below) inventor of the subject matter which ie claimed end for whioh a pazcnl is sought.

This doolaration is directod to the intemntianal application af which it forms a patt (if filing declarailon with applicatien).

111][: dcclnmi)on iz directed to international application No, PCT/ CN2°09/°75363 .......... (if furnishing declarntion pursuant
o Rule 26&¢er). .

T hereby declare that my residence, moiling sddross, and citizenship aro oz stoled next to my namo.

[ herchy state that I bave reviswed and understand the contents of the above-idontified intemnational application, including the claims
ofaaid applicution. 1have identified in the request afenld application, in compliance with PCT Rule 4.10, any olaim to foraign priority,
and T have identified below, under the heading “Prior Applications,” by application number, cauntry or Member of the World Trade
Orgunization, day, month and year of filing, any application for e patent or inventor's cortiflcate filedina country ather thom tho United
States of Americs, including any PCT international application designeting et least one country other than the United States of Americs,
having a filing date before that of the applicatlon on which foreign priority Is clelmed.

Prior Applications: .. ........ et e e e E i te e aen s

L IR A I B SR RPN

T hercby acknowledge the duty to discloge infonmation that is known by me to be material to patentability as defined by
37C.F.R. § 1.56, including for continuation-in-part spplications, matsriel information which becamo avallable botwoen the filing date
of the prior application and the PCT intcruational filing date of the continuation-in-part applicatian.

1 hereby declare that nll sintoments made herein of my own knowlodge are true and that a)! statemonls made on Information and belief
are believed to be true; and Further that these statements were made with the knowledge that willful false siatcmcnis and the like so
made ore punishable by fino or imprisonment, or both, under Section {001 of Tltls 18 of the United States Codo and that such willful

false statcments mey jeopardize the validity of the application or any patent issued thereon.

Name:; . lelDu.............. R e ree e et tateaa et i v,
Residence: .. CN. . | e r et et e ra e ey Lty b et b v ee e a e eaea ane et e
(city and cithcr US state, iF appliceble, or country)

Mailing Address: . NSN.Building 4, 14. Jlu Xlab Qiza Road, Chaoyang District. Beifing 10016, China .. ... ....
Citzenshipr . Q. L. L e
Invenlor'e Signeture: . .... .Lei. .DM.. e rreereteerann, Date:..... D.fé .. 'T/ .).'.A.,; ......................

(The signature must bo that of the il:n-mnlor, not that of the agent)

Namo: .. ZDUYARZNAO. ., ., i e f et e et e,
L T T o E e et e e e e e taanimaaaanatans e
(city and cither US stato, if applicable, or country)

Moiling Addross: . . ChangAnXInCheng, FengTal District, Beljing 100030, ChINA- -« - - - - - - v vevenreineronns

Cidzenship: . ON, ., ... /. o e e e e e st
Inventor's Signature: .%-%.XM ...... Due:....?g."..i.... ....(l....{..g.....‘ .......

(The signature must be that of the inventor, no t of the agent)

Thia decleration is continucd on the following sheot, “Continuation of Box No. VIII (Iv).

Form PCT/RO/10] (duclaration sheset (iv)) (April 2006) Sec Nores 10 the request form

Page 155 of 284 25/01 2010 LUN 10:18 [N° TX/RX 8328] 002



25/01 2010 1B:52 FAX 8601058785544 KING AND ¥%OOD ™203
PCT/CN2009/075663

Sheet No. ...

Continwation of Box No. VITI (i) to (v) DECLARATION

I/the spaceisinsafficiant inony of Boxes Nos. VII1 (|) 1o (V) fo furnish oll tha Information, including in iha case whe ¢han two lnvgnitors
éfre ta be naned in Bax No, Wrﬁ (I,v.). Inswch caze, write "Cor{IblnuaJlnna ng No. W?;" " (lndigde the item numrge':"g’fhe Box) and furnish
ihe information in the same manner as raguired for the of the Bax in which the s} was insyfflclent. litional space is needed
in respact of two or more declarations, a separaie continuation box must be used for each such declaration. Jf this Box Is nor used, this sheet
should not be included in the request.

Continuation of Box No. VIl (iv)

Name: . IMin HUBNG. oo cvn e ot it et e e e e e e

Residence: .CN.......coviimnnienenns S N re s it aa et e ...
(city and either US state, if applicable, or country)

Mailing Address: .NSN Building A, 14, Jiu Xian Qiao Road, Chaoyang District, Beijing . . .

10016, ChiNa . .. ... ittt ittt it e e et ettt et et ee e enann,
Ctizenship: . (O . i ittt e e e e
Inventor's Signature: . . . .. l\./.\."f". . H- . . 5 ...................................
Date:......... .........TL".".’L.‘.L..‘.‘.Q....... .............................

(The signature must be that of the inventor, not that of the agent)

Name: . WelhUa ZNoU .. v v viin ittt i it et e e e e e e et e s et eennan .

Date:. .. Qec - AB 200
(The signature must be that of the inventor, not that of the agent)

Form PCT/RO/101 (conlinuntion sheet for declaration) (April 2006) See Notes (o the request form

Page 156 of 284 25/01 2010 LUN 10:18 [N° TX/RX 8328] @003



ETE090107PCT

PCT REQUEST

1/5

Print Out (Original in Electronic Form)

For receiving Office use only

0-1 International Application No. PCT/CN2009/075663
0-2 International Filing Date 17 December 2009 ( 17. 12.2009)
0-3 Name of receiving Office and "PCT Interna-
tional Application"
0-4 Form PCT/RO/101 PCT Request
0-4- Prepared Using PCT-SAFE
Version 3.51.041.217 MT/FOP 20090807/0.20.5.17
0-5 Petition
The undersigned requests that the present
international application be processed
according to the Patent Cooperation Ireaty
0-6 ;‘;’;ﬁt’;ﬁf)omce (specified by the State Intellectual Property Office of the People’s
Republic of China (RO/CN)
0-7 Applicant's or agent's file reference EIE090107PCT
! Title of Invention REPORTING BUFFERING INFORMATION
11 Applicant
1I-1 This person is applicant only
-2 |Applicant for all designated States except US
-4 Name NOKIA SIEMENS NETWORKS OY
-5 |Address Karaportti 3,
ESPOO
02610
Finland
1I-6 State of nationality FI
11-7 State of residence FI

Page 157 of 284



ETE090107PCT

2/5
PCT REQUEST
Print Out (Original in Electronic Form)
II-1 Applicant and/or inventor
UE-1-1 This person is applicant and inventor
1I1-1-2 Applicant for Us Only
1I1-1-4 Name (LAST, First) DU. Lei
H
IE-L-S - |Address NSN Building A, 14, Jiu Xian Qiao Road,
Chaoyang District
Beijing
100016
China
1I1-1-6 State of nationality CN
1m1-1-7 State of residence CN
II1-2 Applicant and/or inventor
HE2-1 This person is applicant and inventor
1I1-2-2 Applicant for Uus Only
11-2-4 Name (LAST, First) ZHAO Zhuyan
’
MI-2-5 | Address ChangAnXinCheng,
Fengtai District
Beijing
100039
China
111-2-6 State of nationality CN
111-2-7 State of residence CN
I11-3 Applicant and/or inventor
HI-3-1 | This person is applicant and inventor
1I1-3-2 Applicant for UsS Only
1-3-4 Name (T.AST, First) HUANG Min
’
LL-3-5  |Address NSN Building A, 14, Jiu Xian Qiao Road,
Chaoyang District
Beijing
100016
China
111-3-6 State of nationality CN
1I1-3-7 State of residence CN

Page 158 of 284



ETE090107PCT
3/5

PCT REQUEST
Print Out (Original in Electronic Form)

111-4 Applicant and/or inventor

-4-1- This person is applicant and inventor

1I1-4-2  |Applicant for US only

11-4-4 Name (LAST, First) ZHOU. Weihua
’

I-4-5 | Address #16, Zaojunmiao Jie,

Haidian District

Beijing
100081
China
111-4-6 State of nationality CN
111-4-7 State of residence CN
Iv-1 Agent or common representative; or
address [or correspondence
The person identified below is hereby/has
been appointed to act on behalf of the agent
applicant(s) before the competent Interna-
tional Authorities as:
V-1-1- |Name KING & WOOD PRC LAWYERS
V-1-2 | Address 31st Floor, Tower A, Jianwai SOHO, 39 Dongsanhuan
Zhonglu,
Chaoyang District
Beijing
100022
China
1v-1-3 Telephone No. 86-10-58785588
IV-1-4  |Facsimile No. 86-10-58785544

V-1-5 - fe-mail patent@kingandwood.com
IV-1-5(a)|E-mail authorization Yes

The receiving Office, the International
Searching Authority, the International
Bureau and the International Preliminary
Examining Authority are authorized to use
this e-mail address to send, if the Office or
Authority so wishes, advance copies of
notifications in respect of this intcrnational

application.
IV-1-6  |Agent's registration No. 11256
A\ DESIGNATIONS
V-1 The filing of this request constitutes under

Rule 4.9(a), the designation of all
Contracting States bound by the PCT on
the international filing date, for the grant
of every kind of protection available and,
where applicable, for the grant of both
regional and national patents.

VI-1 Priority Claim NONE

Page 159 of 284



ETE090107PCT

PCT REQUEST

4/5

Print Out (Original in Electronic Form)

VII-1

International Searching Authority Chosen

State Intellectual Property Office of the People’s

Republic of China (ISA/CN)

VIII Declarations Number of declarations
VIII-1 Declaration as to the identity of the inventor
VIII-2 Declaration as to the applicant's entitlement,

as at the international filing date, to apply for

and be granted a patent
VIII-3 Declaration as to the applicant's entitlement,

as at the international filing date, to claim the

priority of the earlier application
VII-4 Declaration of inventorship (only for the

purposes of the designation of the United

States of America)
VIII-5 Declaration as to non-prejudicial disclosures |_

or exceptions to lack of novelty
IX Check list number of sheets electronic file(s) attached
I1X-1 Request (including declaration sheets) 4 e
IX-2 Description 20 7
IX-3 Claims 6 v
IX-4 Abstract 1 v
IX-5 Drawings 4 V4
IX-7 TOTAL 35

Accompanying Items paper document(s) attached electronic file(s) attached
IX-8 Fee calculation sheet - v
1X-18 PCT-SAFE physical media - -
1X-20 Figure of the drawings which should 1

accompany the abstract
1X-21 I.anguage of filing of the international English

application
X-1 Signature of applicant, agent or common (PKCS7 Digital Signature)

representative
X-1-1 |Name KING & WOOD PRC LAWYERS
X-12 - [Name of signatory KING & WOOD PRC LAWYERS
X-1-3 Capacity

Attorney

Page 160 of 284



ETE090107PCT

5/5
PCT REQUEST
Print Out (Original in Electronic Form)
FOR RECEIVING OFFICE USE ONLY
10-1 Datc of actual receipt of the purported

international application

17 December 2009 (17.12.2009)

10-2 Drawings:
10-2-1 Received
10-2-2 Not received
10-3 Corrected date of actual receipt due to

later but timely received papers or

drawings completing the purported

international application
10-4 Date of timely receipt of the required

corrections under PCT Article 11(2)
10-5 International Searching Authority ISA/CN
10-6 Transmittal of search copy delayed until

scarch fee is paid

FOR INTERNATIONAL BUREAU USE ONLY

11-1 Date of receipt of the record copy by the

International Burcau

Page 161 of 284



PATENT COOPERATION TREATY

ADVANCE E-MAIL

PCT

NOTIFICATION OF THE RECORDING
OF A CHANGE

(PCT Rule 92bis.1 and
Administrative Instructions, Section 422)

From thc INTERNATIONAL BUREAU

PCT/CN2009/075663

To:

KING & WOOD MALLESONS LAWYERS

20th Floor, East Tower, World Financial Centre
No.1 Dongsanhuan Zhonglu, Chaoyang District
Beijing 100020

CHINE

Date of mailing (day/month/year)
04 April 2012 (04.04.2012)

Applicant's or agent's file reference

EIE090107PCT

IMPORTANT NOTIFICATION

International application No.

PCT/CN2009/075663

International filing date (day/month/year)
17 December 2009 (17.12.2009)

1. The following indications appeared on record concerning:

[ the applicant [ the inventor

D4 the agent [ the common representative

Name and Address

KING & WOOD PRC LAWYERS

31/F, Office Tower A, Jianwai SOHO

39 Dongsanhua Zhonglu, Chaoyang District
Beijing 100022

China

State of Nationality

State of Residence

Telephone No.
86-10-58785588

Facsimile No.

86-10-58785544

Li-mail address

patent@kingandwood.com

[ the person the name

2. The International Bureau hereby notifies the applicant that the following change has been recorded concerning:

the address

[ the nationality [] the residence

Name and Address

KING & WOOD MALLESONS LAWYERS

20th Floor, East Tower, World Financial Centre
No.1 Dongsanhuan Zhonglu, Chaoyang District
Beijing 100020

China

State of Nationality

State of Residence

Telephone No.
86-10-58785588

Facsimile No.

86-10-58785544

FE-mail address

patent@kingandwood.com
Notifications by e-mail authorized

3. Further observations, if necessary:

4. A copy of this notification has been sent to:
D8 the receiving Office
[[] the International Searching Authority
[[1 the Authority(ies) specified for supplementary search

the International Preliminary Examining Authority
the designated Offices concerned

the elected Offices concerned

other:

OO0

The International Bureau of WIPO
34, chemin des Colombettes
1211 Geneva 20, Switzerland

Facsimile No. +41 22 338 89 65

Authorized officer

Bai Lingfei
e-mail ptO2.pct@wipo.int
Telephone No. +41 22 338 74 02

o e 6 0T T84

1/UHGFWAURNUU939




WO 2011/072447 A1 MDD 00RO N

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(10) International Publication Number

WO 2011/072447 Al

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
23 June 2011 (23.06.2011)

(51) Intermational Patent Classification: (74) Agent: KING & WOOD PRC LAWYERS; 31st Floor,
HO4W 72/04 (2009.01) Tower A, Jianwai SOHO, 39 Dongsanhuan Zhonglu,

(21) International Application Number: Chaoyang District, Beljing 100022 (CN).

PCT/CN2009/075663 (81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,

(22) International Filing Dat"l:7 December 2009 (19122009 AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
ccember 2009 (17.12.2009) CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,

(25) Filing Language: English DZ, EC, EE, EG, ES, FL, GB, GD, GE, GH, GM, GT,
c , HN, HR, HU, 1D, IL, IN, IS, JP, K, KG, KM, KN, KP,

(26) Publication Language: Enghsh KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
(71) Applicant (for all designated States except US): NOKIA ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
SIEMENS NETWORKS OY [FIFI]; Karaportti 3, Es- NO, NZ, OM, PE, PG, PI1, PL, PT, RO, RS, RU, 8C, SD,

poo, FI-02610 (FI). SE, SG, SK, SL, SM, ST, SV, SY, TJ, TM, TN, TR, TT,

TZ, UA, UG, US,UZ, VC, VN, ZA, ZM, ZW.
(72) Imventors; and . L
(75) Inventors/Applicants (for US only): DU, Lei [CN/CN]; (84) Designated States (unless otherwise indicated, for every

NSN Building A, 14, Jiu Xian Qiao Road, Chaoyang Dis- kind of regional protection available). ARIPO (BW, GH,
trict, Beijing 100016 (CN). ZHAO, Zhuyan [CN/CNT; GM, KE, LS, MW, MZ, NA, SD, SL, 8Z, TZ, UG, ZM,
ChangAnXinCheng, Fengtai District, Beijing 100039 ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
(CN). HUANG, Min [CN/CN]; NSN Building A, 14, Jiu TM), Buropean (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
Xian Qiao Road, Chaoyang District, Beijing 100016 ES, FIL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,

MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

(CN). ZHOU, Weihua [CN/CN]; #16, Zaojunmiao lJie,
Haidian District, Beijing 100081 (CN).

[Continued on next page]

(54) Title: REPORTING BUFFERING INFORMATION

|t
—_pE Y
1151/( * I:I é@

[HD g >

10

22

Fig. 1

(57) Abstract: A buffer information report can be sent to a system station from a node for relaying communications between at
least one user station and the system station. The report is generated based on a report [ormat used [or uplink reporting by a user
station. An indication is also sent to the system station that the node for relaying has different buffering capabilities than the user
station. At the system station the buffering capabilities of the node for relaying can be determined based on the buffer information
report and the indication. Communications between the system station and the node for relaying can then be controlled according-

ly.

Page 163 of 284



WO 2011/0724477 A1 TN O0 00 O O 0

Declarations under Rule 4.17: Published:

—  of'inventorship (Rule 4.17(iv)) —  with international search report (Art. 21(3))

Page 164 of 284



10

15

20

25

30

WO 2011/072447 PCT/CN2009/075663

REPORTING BUFFERING INFORMATION

The invention relates to reporting in a communication system, and
more particularly to reporting of buffering informaticon in a

communication system.

A communication system can be seen as a facility that enables
communication sessions between two or more entities such as user
devices, base stations and/or other stations. A communication
system and compatible communication devices typically operate in
accordance with a given standard or specification which sets out
what the wvarious entities associated with the system are
permitted to do and how that should ke achieved. Communication
protocols and/or parameters which shall be used for the con-
nection are also typically defined. For example, the manner how
the communication system can be accessed and how communication
shall be implemented between various communicating devices, the
elements of the communication network and/or other associated

nodes is typically based on predefined communication protocols.

A user can access a communication system by means of an ap-
propriate user (communication) device. A user device is often
referred to as user equipment {(UE). Users can be provided with
numerous services via their communication devices. Non-limiting
examples of possible services include two-way or multi-way calls,
data communication or multimedia services or simply an access to

a data communication network system, such as the Internet.

In a wireless communication system at least a part of the
communication between at least two communicating devices, or
wireless stations, occurs over a wireless link. Examples of
wireless systems include public land mobile networks (PLMN),

satellite based communication systems and different wireless
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local networks, for example wireless local area networks (WLAN).
The wireless systems can be divided inte cells, such systems being

cften referred to as cellular systems,

A user device and other stations are provided with an appropriate
signal receiving and transmitting apparatus for enabling
communications with other stations. In wireless systems a user
communication device can communicate with for example a base
station of an access network and/or another communication device

such as another user equipment.

3%@ Generation Partnership Project (3GPP) is standardizing an
architecture that is known as the long-term evolution (LTE} of
the Universal Mobile Telecommunications System (UMTS) ra-
dic-access technology. The aim is to achileve, inter alia, reduced
latency, higher user data rates, improved system capacity and
coverage, and reduced cost for the operator. A further de-
velopment of the LTE is referred to herein as LTE-Advanced. The
LTE-Advanced aims to provide further enhanced services by means
of even higher data rate and lower latency with reduced cost. The
various development stages of the 3GPP LTE specifications are
referred to as releases. Backward compatibility of LTE-Advanced

with earlier versions of the LTE would be desired.

In particular in the initial network development phase building
of cost-effective coverage may be desired by network operators.
There are alsc other reasons for extending the coverage of an
access point such as a base station. Relaying has been proposed
as a possibility to enlarge the coverage of a base station. Apart
from this goal of coverage extension, relaying may also help in
provision of high-bit-rate coverage in high shadowing envi-
ronment, reducing average radio-transmission power at the user
egquipment (UE), thereby leading to improved battery life. More
effective throughput may also be achieved, for example because

of increased cell-edge capacity, better kalancing of cell locad

Page 166 of 284



10

15

20

25

30

35

WO 2011/072447 PCT/CN2009/075663

and enhanced overall performance and deployment cost of radio
access networks (RAN). Already for these reasons relaying is
considered as a potential feature of the LTE-A, and it can be
contemplated that for future LTE standard releases, releases 9

and upwards, relay nodes (RNs) are provided.

The design of non-transparent relay concept with back-
ward-compatibility with the existing LTE compatible devices, for
example with devices known as LTE release 8 compatible egquipment
would be desired. It may also be desired to keep the software and
even hardware updates as small as practically possible at the

network side.

Relaying between stations can be provided by entities referred
to as relay stations (RSs) or relay nodes {(RNs). The relay nodes
can be fizred, for example other base stations, or mobile, for
example mounted on a high-speed train. In some systems the
relaying nodes or stations may be provided by opportunistically
available user equipments / mobile terminals that are not as such
a part of the communication network. A relay ncde (RN) can be
wirelessly connected to the communication system, typically to
a station ccnnected to a radic—access network. Such a statiocon is
often referred to as a donor statlion or donor cell. The donor
station provides rescurces for wireless backhauling, or a

backhaul 1link, for the relay.

Reporting of information regarding the buffers status of the user
equipment has been proposed. For example, LTE provides a
mechanism known as buffer status reporting for providing the
serving base station, and more particularly the serving LTE
enhanced NodeB (eNB), with information abcocut the amount of data
available for transmission in the uplink buffers of the user
equipment (UE). The particular reports generated and sent in the
uplink to the serving base station by the user eguipment are

called buffer status repcecrts {BSR). The serving base station is
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able to support quality of service (QoS) aware packet scheduling
over the uplink based on buffering information contained in the
reports. This is so because the serving station can take the
buffer status at the respective user equipments into consid-
eration. The information assists in avoiding buffer overflows and
unnecessary dropping of data connections due to unavailable

uplink grants.

More particularly, the buffer status report (BSR} is provided
from the user equipment to the serving eNB via medium access
control (MAC) signaling by means of an appropriate buffer status
report (BSR) MAC control element. The BSR MAC control element can
consist of a short BSR or a truncated BSR format or a long BSR
format. All the formats include a buffer size field which
identifies the total amount of data available across all logical
channels of a logical channel group (LCG) after the MAC protoecol
data unit (PDU) has been built. The currently defined length of
the buffer size field of the buffer status report is 6 bits. The
values of the field present the number of bytes in the buffer of

the user eguipment, and range from 0 to 150000 bytes.

In a relaying scenario where the relay node (RN) is provided by
a user equipment it is possible that the user equipment acting
as a relay node reports the buffer status thereof in the same
manner as user equipments report the status in the LTE when noc
relaying is used. This helps the donor eNB to schedule proper
uplink backhaul resources for the relay node as well as the uplink
flow control. However, a relay node can also simultaneously serve
multiple user eguipments and thus a considerable volume of data
may aggregate at the relay node. Because of this the buffer
capacity at the relay nodes should be higher than that at the
individual user equipments. Also, the peak data rate on the
backhaul links can be higher than on the access links. Thus the
serving or donor eNB should not treat relay nodes and user

equipment in the same way as the buffer of a relay node may be

4
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considerably larger and thus far from overflow compared to the
buffer of the user equipment. Moreover, in the current reporting
structure, if the buffer size of & relay node exceeds 150000 bytes,
all buffer status reports {BSR) thercof fall into the maximum
range, 1.e. the report would indicate a buffer size that is higher
than 150000 bytes. This may not appropriately present the true
buffer status at the relay necde.

Another issue relates to flow control. The current proposals
focus on downlink (DL) flow control by indicating additional
downlink buffer—-related informaticon from user equipment to the
serving eNB. The current proposals consider the buffer status
reports also as a solution for the uplink (UL) flow contrel.
However, the inventors have recognized that the above discussed
limitation in view of buffer size information may have an impact

in relation of uplink flow control.

It is noted that the above discussed issues are not limited to
any particular communication environment, but may occur in any

appropriate communication system where relaying may be provided.

Embodiments of the invention aim to address one or several of the

above issues.

In accordance with an embodiment there is provided a method
comprising sending a buffer information report fto a system
station from a node for relaying communications between at least
one user station and the system station, the report being
generated based on a report format used for uplink reporting by
a user station and sending an indication to the system station
that the node for relaying has different buffering capabilities

than the user station.

In accordance with another embodiment there is provided a method

comprising receiving a buffer information report from a node for
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relaying communications between at least one user station and a
system station, the report beilng generated based on a report
format used for uplink reporting by a user station, receiving an
indication that the node for relaying has different buffering
capabilities than the user station, determining the buffering
capabilities of the node for relaying based on the buffer
information report and the indication, and controlling com-
munications between the system station and the node for relaying

accordingly.

In accordance with another embodiment there is provided an
apparatus, comprising means for causing sending of a buffer
information report to a system station from a node for relaying
communications between at least one user station and the system
station, the report being generated based on a report format used
for uplink reporting by a user station, and means for causing
sending of an indication to the system station that the node for
relaying has different buffering capabilities than the user

station.

In accordance with another embodiment there is provided an
apparatus comprising means for receiving a buffer information
report from a node for relaying communications between at least
one user station and a system station, the report being generated
based on a report format used for uplink reporting by a user
station, and control means for processing an indication that the
node for relaying has different buffering capabilities than the
user station, for determining the buffering capabilities of the
node for relaying based on the received buffer information report
and the indication, and for controlling communications between

the system station and the node for relaving accordingly.

In accordance with a yet another embodiment there is provided a
buffer information message for reporting buffer information to

a system station from a node for relaying communications between
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at least one user station and the system station, the buffer
information message comprising a buffer status report for uplink
reporting by a user station and an indication that the node for
relaying has different buffering capabilities than the user

station.

In accordance with a more detailed embodiment the indication can
be based on the number of user stations served by the node for
relaying. The indication may comprise the number of user stations
served by the node for relaying. The indication may comprise an
indication that the buffer size of the node for relaying is
extended from that of the user equipment and infermaticon of the

size of the extension.

The buffer information report may indicate the buffer size of a
user equipment and the indication may provide a buffer extension
factor, wherein the buffer capabilities ¢of the node for relaying
are defined as a function of the buffer size and buffer extension
factor. The indication may be based at least partially on the

buffer capability of the nede for relaying.

The indication may be communicated within the buffer information
report. For example, the buffer information report may comprise
a buffer status report provided with an information element
containing said indication. The buffer status report may comprise
an extension including said indication. The indication
may be provided by increasing the length of the buffer size field

of & buffer status report.

Alternatively, said indication may be communicated separately
from the buffer information report. The buffer size of the node
for relaying mat then be determined by multiplying the buffer size
indicated by a buffer status report by separately signalled
indication of the number of user stations connected to the node

for relaying. Said indication may be communicated in a radio
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resource control message or an admission control message and the
buffer information report may be communicated in a medium access

control message.

A computer program comprising program code means adapted to
perform the methods may also be provided. In accordance with
further embodiments apparatus and/or computer program product
that can be embodied on a computer readable medium for providing

at least one of the herein described methods is provided.

Various other aspects and further embodiments are described in

the fellowing detailed description and in the attached claims.

The invention will now be described in further detail, by way of
example only, with reference to the fellowing examples and

acconpanying drawings, in which:

Figure 1 shows an example of a communication system in which
the embodiments of the invention may be implemented;

Figure 2 illustrates schematically the relation between a user
station, a node for relaying and a system station;

Figure 3 shows an example of a controller for a station:

Figure 4 shows a flow chart for reporting buffer information
in accordance with an embodiment;:

Figures 5 to 10 show reports in accordance with certain
embodiments; and

Figure 11 shows a signalling flow chart for reporting in

accordance with an embodiment.

In the feollowing certain exemplifying embodiments are explained
with reference to wireless or mobile communication systens
serving mobile communication devices. Before explaining in
detail the certain exemplifying embodiments, certain general

principles of a wireless communication system and the elements
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thereof are briefly explained with reference to Figures 1 to 3

to assist in understanding the herein described embodiments.

In a wireless system a user can be provided with a station such
as a user equipment or device 1 that can be used for accessing
various services and/or applications. The access can be provided
via an access interface bketween the user devices 1 and an
appropriate wireless access point. An appropriate user device or
station 1 may be provided by any device capable of sending and
receiving radio signals. Non—-limiting examples include a mobile
statien (MS), a portable computer provided with a wireless
interface card or other wireless interface facility, personal
data assistant (PDA) provided with wireless communication
capabilities, cr any combinations of these or the like. Awireless
mobile communication device is often referred to as a user

equipment (UE).

The communication devices 1 of Figure 1 may be used for voice and
video calls, for accessing service applications provided via a
data network. Each device 1 may receive signals via an appropriate
radio receiver of the device (not shown for clarity). The receiver
may be provided for example by means of & radio part and associated
antenna arrangement. The antenna arrangement may be arranged
internally or externally to the mobile device. A mobile device
is alsc typically provided with at least one data processing
entity, at least one memory and other possible components for use
in tasks it is designed tc perform. A relevant memory facility
in this context is the buffering capability. The data processing,
storage and other entities can be provided on an appropriate
circuit board and/or in chipsets. Each mobile device 1 may have
one or more radio channels open at the same time and may receive
signals from more than one base station and/or cther commu-

nication device.
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The wireless user devices can access the communication system
based on various access techniques, such as code division
multiple access {(CDMA), or wideband CDMA {(WCDMA}, the latter
technique being used by communication systems based on the third
Generation Partnership Project (3GPP) specifications. Other
examples include time division multiple access (TDMA), frequency
division multiple access (FDMA), space division multiple access
(SDMA) and so on. In a wireless system a network entity such as
a base station provides an access node for communication devices.
Other non-limiting examples of appropriate access nodes are a
base station of a cellular system, a base station of a wireless
local area network (WLAN) and/or WiMax (Worldwide Interop-
erability for Microwave Access) . Anon-limiting example of mobile
architectures where the herein described principles may be
applied is known as the Evolved Universal Terrestrial Radio
Access Network (E-UTRAN) wherein base stations are provided by
means of enhanced NodeBs (eNBs). The eNBs may provide E-UTRAN
features such as user plane Radio Link Control/Medium Access
Control/Physical layer protoccl (RLC/MAC/PHY) and control plane
Radlio Resource Control (RRC) protocol terminations towards the

user devices.

In the Figure 1 example the base stations 10 and 20 are each
configured to provide radio coverage area or a cell. The base
stations can provide one or more cells. In the example of Figures
1 and 2 base station 20 provides the serving station or a donor
station of the communication system and base station 10 provides
a relay node. The relevance of the relation between a donor
station and nodes for relaying will be discussed in more detail

lJater in this description.

A base station is typically controlled by at least one appropriate
controller entity so as to enable operation thereof and man-
agement of mobile user devices in communication with the base

station. The controller entity is typically provided with memory

10
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capacity and at least one data processocor. The control entity can
be interconnected with other control entities. In Figure 1 the
contreller is shown to be provided by block 13 comprising at last
one processor 14 and at least one memory 15. However, it shall
5 be understood that the control functions may Dbe provided
differently fromthis example. For example, the control functions

may be distributed between a plurality of controller units.

Figure 3 shows an example of a controller apparatus 30 for a relay
10 node comprising at least one memecry 31, at least one data
processing unit 32 and an input/cutput interface 34. The control
apparatus further comprises a buffering entity 33. The controller
may be configured to execute an appropriate software code to

provide the desired contrel functionality.

15

Although not shown, a gateway function between the access systems,
the core network and/or another network such as the packet data
network may be provided by means of appropriate gateway nodes.

Therefore, regardless of the gateway arrangement, the serving

20 base station 20 is shown to be connected to a data network 22.

In Figure 1 at least one of the base stations 10 can act as a relay
node between the user equipments 1 and the serving base station
20 of the communication system. Communications between the user
25 eguipments 1 and the base station / relay node 10 can be provided
by a duplex link (see also Figure 2). Communications between the
base station / relay node 10 and the base station 20 can also be

provided by means of a duplex link.

30 Considering now the exemplifying relay nodes of the 3GPP. Up to
now, the 3GPP has only defined a “type 1" relay node (RN). A type
1 relay node is an inband relaying node that has a separate
physical cell didentity (ID), supports hybrid autcomatic re-
transmission request (HARQ) feedback mechanism and is backward

35 compatible to Release 8 (Rel8) communication devices. The

il
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definition for the nodes and the interfaces as shown in figure
2 has also been agreed. The interface between the user equipment
(UE) 1 and relay node 10 is named as Uu interface and the link
is seen as an access link. Considering the backward compatibility
requirements, the interface between the user equipment and the
relay node can be consistent with the Release 8 interface of the
LTE. The link between the relay node 10 and the serving base
station, or a donor eNB (DeNB) if the language of the 3GPP LTE
is to be used, is considered as a backhaul link. This intexrface
is denoted in the example as an Un interface. The definitions of
the backhaul interface are currently still open and are yet to
be specified in 3GPP. Nevertheless, the basic principle of
backhauling between a relay node and a donor station can be seen

from Figure 2.

The following examples are given with reference to a possible
buffer information reporting arrangement for advanced long term
evolution (LTE-A) of the 3GPP. In the LTE buffer status repocrting
procedure can be used in the uplink to provide the serving system
eNB 20 with information about the amount of data available for
transmission in the uplink buffers (UL) of the user equipments
(UEY 1. With this information, the serving eNB can offer improved
support for quality of service aware packet scheduling over the
uplink, taking into consideration the buffer statuses of the

respective user egquipments.

In the examples described below with reference to Figures 4 to
10 use of a buffer status information reporting capability of a
user station in the uplink is utilised by extending the use
thereof to the Pkackhaul link between the relay node and the
serving base station of the communication system. In the examples
the serving pbase station is provided by eNB 20 and the relay nodes
are provided by eNBs 10. In the described embodiments buffer
status reports (BSR) and/or any other appropriate metric is used

to provide a mechanism for reflecting the buffer size at the relay

12
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node and/or the buffer size at user equipments c¢connecting to the
relay node. In the examples the relay node can send, for example,
an extended BSR (E-BSR) to the donor eNB. The E-BSR can be sent
and the buffering information delivered, for example, by means
of medium access control control element {(MAC CE) and/or radio

resource contrel (RRC) signalling.

Operation of the relay node and serving node in accordance with
an embodiment is illustrated by the flowchart of Figure 4. As
shown in the flowchart of Figure 4, the reporting mechanism is
extended to cover also the backhaul link such that the greater

buffer sizes of the relay nodes can be taken into account.

In the shown embodiment the relay nodes detects at 100 that it
is relaying for a plurality of user stations. The relay node then
generates at 102 a buffer information report based on a buffer
report format used by at least one user station. Whilst the user
stations can use this report for reporting their buffer status
on an access link, in here the report is used for reporting relay
nocde buffer information in the backhaul uplink. To generate the
report the relay node may generate a new report in accordance with
the report format typically used by the user stations for uplink
reporting, and include information regarding its buffer at 104
to this newly generated report. Alternatively, the relay node can
use a report received from a user station on the access link as
a base, and add further buffer information relating to its
buffering capabilities at 104 to the report before forwarding the
report to the backhaul link.

Infeormation that the relay node may include at 104 into the report
comprises information regarding the buffer that is maintained at
the relay node., It may additionally include or forward buffer
status information it has received from the user stations. For
example, the relay node can include in the report an indication

regarding the buffering capabilities therecof. An example of such

13

Page 177 of 284



10

15

20

25

30

35

WO 2011/072447 PCT/CN2009/075663

indication is an indication that the relay node has different
buffering capabilities from what would be the buffer capability
of a user station it is serving, and shall therefore be treated

differently.

The indication can be given, for example, in the form of an
indication of the size of the buffer of the relay node. The size
can be indicated in various ways, for example as a multiple of
the buffer size of a user station, as a number of user stations
served by the relay node, and so on. In the detailed examples below

the indication is given by a buffer extension factor.

The relay ncode then sends at 106 the buffer information report
with the buffering information to a serving base station. The
serving base station receives the report at 108. It can determine
at 110 that the buffer information report includes an indication
that the relay node has different buffering capabilities from the
buffer capability of a user station. Upon determining of the
buffering capabilities of the relay node, the serving base
station can make any required computations, for example com-
putations as discussed below in the detailed examples, and
control communications with the node for relaying accordingly at

112.

Figure 5 shows a more detailed example where the indication is
provided by means of an extension factor (EF). The extension
factor can be included in a medium access control (MAC) control
element (CE) provided by a short buffer status report. The
extended buffer status reporxrt (E-BSR) 50 comprises a normal
buffer status report (BSR) part 52 as used by a user egquipment
for uplink reporting in octet 1. An indication 53 of buffer
extension is included in octet 2. In the example of Figure 5 the
indicator 53 is provided by an extension factor (EF) information

element (IE).

14
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The extension factor can be a value that is indicative of how much
the buffer size of the relay node shall be extended. For example,
the extension factor can be expressed as an integer representing
the number of user equipments that are currently connected to the
relay node. According to another possibility the factor is
decided based on the relay node buffer capability. For example,
a table of increased ranges for the buffer capability can be

defined, and these can be used for the reporting.

For short or truncated E-BSR 50, the extension factor can be
applied to extend the buffer size corresponding to the logical
channel group (LCG) as indicated by the Logical Channel Group
Identity (LCG ID) 51 in the normal BSR part 52. The extension
factor can be defined as an integer number, the number being

indicative how much to extend the buffer size.

Figure 6 shows a long extended buffer status report 54 comprising
four buffer size fields corresponding to LCG IDs #1 through #4
in octets 1 — 3. For a long E-BSR 54 shown in Figure 6, a common
extension factor information element 56 in octet 4 can be applied
to the buffer sizes corresponding to all logical channel groups
(LCGs) in the normal BSR part. Alternatively, different extension
factors can be provided to be applied to the different LCGs,

respectively.

The serving station, i.e. the donor eNB 20 of Figures 1 and 2,
then receives the report. The donor eNB detects that the report
is an E-BSR, where after it can consider the buffer size as a
function of the buffer size indicated in the normal BSR part and
the extension factor. For example, the dochor eNB can multiply the

BSR of part 52 by the extension factor of part 53 in Figure 5.

Use of an extended BSR can be triggered when it is determined that
the extension factor needs to be changed. The relay node can

determine this based on its buffer status. In case there is no

15
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need for a change in the extension factor it can remain the same
as in the previous report. In such instance it is possible to
use the normal BSR for reporting, and the donor eNB can calculate
the buffer size of the relay node by multiplying the value of the
most recent BSR by the previously received extension factor. Thus
the most recent extension factor can be used as default until

anything else is indicated.

In accordance with a possibility a default extension factor can
be used in response to reception of a report indicative that the
reporting node is provided with different buffer capabilities
from that of the user equipment. The default can be based on
averages or estimates of the number of simultanecusly served user

eguipments and so on.

In accordance with an option, an extension factor is always
applied to buffer information reports froma relay neode. A default
extension factor egqualling one can be used by the serving station
unless another extension factor is indicated by the buffer

information report from the relay node.

In accordance with a possibility the relay node and the serving
station will use as a default extension factor the number of user
equipments connected t¢ the relay node unless nothing else is
indicated. An example of such indication is where the relay node
includes a weighting factor to indicate to the serving station

that a different extension of the buffer size is to be applied.

Figure 7 shows another embodiment wherein an indication of a relay
node buffer reporting instead of user egquipment reporting is
provided by extending the field gize of a short or truncated
buffer status report. In this embodiment the E~-BSR 58 inciudes
the same information elements as & normal BSR but the length of
the buffer size ficld 59 is extended from 6-bit to N-bit (N26).
The eNB can then detect that the field is longer than it would

15
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be in a report received form a user equipment, this indication
triggering use of a different buffer size. The different buffer
size can then be indicated by the extra bits, or a default value
can be used once the indication of a relay node has been detected.
For example, a default of 2, 3 or 4 simultaneously communicating
user equipments, or any other factor descriptive of an average

buffer size of the relay node could be used.

Figure 8 illustrates an example for use of extended field sizes
as an indicator in the case of long buffer status reports for four
different fields corresponding to LCG IDs #0 through #3 in octets
1l - 4. For a long E-BSR 60 shown in Figure 8, a common extension
factor information can be applied to the buffer sizes corre-
sponding to all logical channel groups (LCGs}. Alternatively,
different extension factors can be provided to be applied to the

different LCGs.

According to yet further examples shown in Figures 9 and 10, the
extension factor information is transmitted separately in a
report message that is based on the normal buffer status report
{BSR). E-BSR 62 of Figure 9 includes the extension factor (EF)
information 64 in octet 1 after the LCG ID field 63. In this
arrangement the extension factor is commeon for all members of the
logical channel group (LCG). According to a possibility shown in
Figure 10, different extension factors can be provided in field

67 of report 66 for different members of the LCG.

A Logical Channel Identity (LCID) can be assigned dedicatedly for
each E-BSR MAC control element. In order to identify the E-BSR
MAC control element, a dedicated LCID can be defined, for example,

as shown in Table 1 bhelow.

17
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Index LCID values

00000 CCCH

00001-01010 Identity of the logical
channel

01011-11001 Reserved

11010 Power Headrcom Report

116011 C-RNTI

11100 Truncated BSR

11101 Short BSR

11110 Long BSR

11111 Padding

,6:9:9.9:4 Extended BSR

Table 1: Values of LCID for UL-SCH

Instead of signalling the extension factor explicitly in buffer
status signalling, the extension factor or other indication of
the number of user equipments attached toc the relay node can be
aligned with the number of the user equipments which has been
communicated by means of other signalling, for example by means
of admission control or radio resource control (RRC) signalling.
Figure 11 shows use of radic rescurce control (RRC) signalling
for communicating the buffer status indication from the relay
node to the doner station. Extension of a buffer status report
{BSR) can be achieved based on use of RRC signalling for example
by including an indication of an extension factor in a message
such as a relay node capability information message. The ex-
tension factor can be decided, for example, based on the relay
node buffer capacity. The exemplifying RRC signalling can make
use of a user equipment capability information message as defined

by the 3GPP.

In the following transmission, upon reception of the actual

buffer status report (BSR) from the relay node 10, the donor eNB

18
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20 calculate the buffer size at relay nocde 10 as a function of

the value presented by the buffer size in the BSR and the extension

factor information received in the capability information

message. For example, a value of the BSR can be multiplied by the

5 value indicated by an extension factor. An advantage of this

embodiment is that it does not necessarily increase MAC sig-

nalling overhead after the buffer size is indicated.

The proposed buffer informaticon reporting scheme allows a relay

10 node to indicate its uplink buffer status in a wider range of

options and hence to avoid incorrect indication for example in

case of out of range of “normal” uplink reporting schemes. This

embodiment may also improve the performance of the system. The

above described embodiments are also backward compatible to

15 release 8 of the LTE.

The required data processing apparatus and functions of a relay

node and a base station apparatus in the system side as well as

an appropriate user device may be provided by means of one or more

20 data processors. The above described functions may be provided

by separate processors or by an integrated processor. The data

processing may be distributed across several data processing

moedules. A data processor may be provided by means of, for example,

at least one chip. Appropriate memory capacity can also be

25 provided in the relevant nodes. An appropriately adapted computer

program code product or products may be used for implementing the

embodiments, when lcaded on an appropriate data processing

apparatus,

for example in a processor apparatus 13 associated

with the base station 20 shown in Figure 1 as an example of a

30 serving station and the apparatus of Figure 3 for a node for

relaying. The program code product for providing the operation

may be stored on, provided and embodied by means of an appropriate

carrier medium. An appropriate computer program can be embodied

on a computer readable record medium. A possibility is to download

35 the program code product via a data network,
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The above exemplifying embodiments provide ways how relay nodes
can extend use of buffer status reports used by the user stations.
The report format can be enhanced for a backhaul link between a
relay node and a station of the access system that is actually
serving the user station, for example a doncr eNB (DeNB). This
may be needed because the buffer sizes of the relay nodes can be
considerably larger than what is availakle for buffering in a user

station.

It 1s noted that whilst embodiments have been described in
relation to LTE, similar principles can be applied to any other
communication system where relaying is employed. Therefore,
although certain embodiments were described above by way of
example with reference to certain exemplifying architectures for
wireless networks, technologies and standards, embodiments may
be applied to any other suitable forms of communication systems

than those illustrated and described herein.

It is also noted herein that while the above describes exem-
plifying embodiments of the invention, there are several
variations and medifications which may be made to the disclosed
solution without departing from the scope of the present in-

vention.

20
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What is claimed is:

1. A method comprising:

sending a buffer information report to a system station from
a node for relaying communications between at least one user
station and the system station, the report being generated based
on a report format used for uplink reporting by a user station:;
and

sending an indication to the system station that the node for
relaying has different buffering capabilities than the user

station.

2. A method comprising:

receiving a buffer information report from a node for
relaying communications between at least one user station and a
system station, the report being generated based on a report
format used for uplink reporting by a user station;

receiving an dindication that the node for relaying has
different buffering capabilities than the user station;

determining the buffering capabilities of the node for
relaying based on the buffer information report and the in-
dication; and

controlling communications between the system station and

the node for relaying accordingly.

3. A method as claimed in c¢laim 1 or 2, wherein the indication
is based on the number of user stations served by the node for

relaying.

4. A methocd as claimed in c¢laim 3, wherein the indication
comprises the number of user stations served by the node for

relaying.

5. A method as clailimed in any preceding claim, wherein the

indication comprises an indication that the buffer size of the

21
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node for relaying is extended from that of the user egquipment and

information of the size of the extension.

6. Amethod as claimed in any preceding claim, wherein the buffer
information repcrt indicates the buffer size of a user equipment
and the indication provides a buffer extension factor, the method
comprising defining the buffer capabilities of the node for
relaying as a function of the buffer size and buffer extension

factor.

7. A method as claimed in any preceding claim, wherein the
indication is based at least partially on the buffer capability

of the node for relaying.

8. A method as claimed in any of claims, wherein a buffer size

extension is applied to all members of a logical channel group.

9. Amethod as claimed in any of claim 1l to 7, wherein a different
buffer size extension is applied to at least one member of a

logical channel group.

10. Amethod as claimed in any preceding c¢laim, wherein the buffer
information report comprises a medium access control control

element.

11. A method in accordance with claim 2, or any claim dependent
on claim 2, comprising determining that the buffer information

report includes the indication.

12. A method in accordance with claim 2 or any claim dependent
on claim 2, comprising determining the buffer size of the node
for relaying based on an extension factor that has been received

earlier or based on a default extension factor.

22
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13. A method as claimed in any preceding claim, comprising
communicating Lthe indication within the buffer information

report.

14. A method as claimed in claim 13, wherein the buffer in-
formation report comprises a buffer status report provided with

an information element containing said indication.

15. A method as claimed in claim 14, wherein the buffer status

report comprises an extension including said indication.

16. A method as claimed in any of claims 11 to 14, wherein the
indication is provided by increasing the length of the buffer size

field of a buffer status report.

17. A method as claimed in any of claims 1 to 12, cocmprising
signalling said indication separately from the buffer infor-

mation report.

18. A method as claimed in claim 17, comprising determining the
buffer size of the node for relaying by multiplying the buffer
size indicated by a buffer status report by separately signalled
indication of the number of user stations connected to the node

for relaying.

19. A method as claimed in claims 17 or 18, comprising separate
signalling of said indication in a radio resource control message
or an admission control message and the buffer information report

in a medium access control message.

20. A method as claimed in any preceding claim, comprising
detecting at the node for relaying a need to send said indication

to the system station.

23
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21. An apparatus, comprising:

means for causing sending of a buffer information report to
a system station from a node for relaying communications between
at least one user station and the system station, the report being
generated based on a report format used for uplink reporting by
a user station; and

means for causing sending of an indication to the system
station that the node for relaying has different buffering

capabilities than the user station.

22. An apparatus comprising:

means for recelving a buffer information report from a node
for relaying communications between at least one user station and
a system station, the report being generated based on a report
format used for uplink reporting by a user station; and

control means for processing an indication that the node for
relaying has different buffering capabilities than the user
station, for determining the buffering capabilities of the node
for relaying based on the received buffer information report and
the indication, and for controlling communications between the

system station and the node for relaying accordingly.

23. An apparatus as claimed in claim 21 or 22, wherein the
apparatus is configured to process an indication that is based

on the number of user stations served by the node for relaying.

24, An apparatus as claimed in claim 23, wherein the indication

comprises the number of user stations served by the node for

relaying.

25, An apparatus as claimed in any of claims 21 to 24, wherein
the apparatus is configured to process an indication that the
buffer size of the node for relaying is extended from that of the

user equipment and information of the size of the extension.

24
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26. An apparatus as claimed in any of claims 21 to 25, wherein
the apparatus is configured to process a buffer information
report that indicates the buffer size of a user equipment and
wherein the indication provides a buffer extension factor and the
buffer capabilities of the node for relaying are defined as a

function of the buffer size and buffer extension factor.

27. An apparatus as claimed in any of claims 21 to 26, wherein
the apparatus is configured to process an indication that is based
at least partially on the buffer capability of the node for

relavying.

28. An apparatus as claimed in claims 22 or any claim dependent
on claim 22, wherein the control means is configured to determine
the buffer size of the node for relaying based on an extension
factor that has been received earlier or based on a default

extension factor.

29. An apparatus as claimed in any of claims 21 to 28, wherein
the apparatus is configured to communicate the indication within

the buffer information report.

30. An apparatus as claimed in claim 29, wherein the buffer
information report comprises a buffer status report and said
indication is included into an extension of the buffer status

report.

31. An apparatus as claimed in any of claims 21 to 28, wherein
the apparatus is configured to communicate said indication

separately from the buffer information report.
32. An apparatus as claimed in claim 31, wherein the buffer size

of the node for relaying is determined by multiplying the bufferx

size indicated by a buffer status report by a separately signalled

25
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indication of the number of user stations connected to the node

for relavying.

33. A computer program comprising program code means adapted to
5 perform the steps of any of claims 1 to 20 when the program is

run on a data processing apparatus.

34. A relay node comprising the apparatus as claimed in claim

21 or any claim dependent on claim 21.

10

35. A base station comprising the apparatus as claimed in claim

22 or any claim dependent on claim 22.

36. A communication system comprising the apparatus as claimed

15 in any ©f claims 21 to 32Z.

37. A buffer information message for reporting buffer in-
formation to a system station from a node for relaying com-
munications between at least one user station and the system
20 station, the buffer information message comprising

a buffer status report for uplink reporting by a user station;
and

an indication that the node for relaying has different

buffering capabilities than the user station.

25

38. A buffer information report as claimed in claim 37, wherein
the indication comprises an extension factor contained in an

extension of the buffer status report.

26
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Commissioner For Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Request For Corrected Filing Receipt

Sir:
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received in regard to the above-identified patent application.

The Filing Receipt contains an error.

The Fourth (4) Applicant(s) name should be Wei Hua Zhou
instead of Welhua Zhou.

Please send the undersigned a corrected Filing Receipt.
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Attorneys At Law, LLC

4 Research Drive
Shelton, CT 06484-6212
203-925-9400

CERTIFICATE OF MAILING

I hereby certify that this correspondence is being deposited
with the United States Postal Service as first class mail on
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Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-
1450.
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SHELTON, CT 06484-6212

LT

Date Mailed: 06/27/2012

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any comrespondence conceming the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notlce the USPTO wdl generate another Filing Receipt incorporating the requested corrections

’ Appllcant(s)

Lei Du, Beijing;-CHINA,;
Zhuyan Zhao, Beijing, CHINA;
Min Huang, Beijing, CHINA;
Welhua Zhou, Beijing, CHINA;

Power of Attorney:
Robert Mauri—41180

Domestic Priority data as claimed by applicant
This application is a 371 of PCT/CN2009/075663 12/1 7/2009

Forelgn Appiications (You may be’éligible to benefit: from the Patent Prosecution nghway program at the
- USPTO. Please see http://www.uspto.gov for more information. )

if Required, Foreign Filing License Granted: 06/25/2012

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 13/516,554 _

Pro;ected Publlcatlon Date 10/04/2012 '

‘

Non-Publlcatlon Request No

Early Publlcatlon Request No
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Title
Reporting Buffering Information

Preliminary Class
PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted-by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications-on the same invention in member countries, but does. not result in a grant.of "an international .
patent” and does not eliminate the need of applicants to file additional documents and fees in‘countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, orit
can be viewed on the USPTO website at http://www.uspto.gov/webl/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website'includes self-help "toolkits" giving mnovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, apphcants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4158).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184
Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED ‘

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
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license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The

date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive. :

The grant of a license does notin any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of

<. “State (with respect-to.Arms,.Munitions and Implements.of War{22 CFR. 121-128));.the - Bureau of Industry and.

Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation

works to encourage, facilitate, and accelerate business investment. To learn more about why the USA is the best

country in the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.
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AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450
Alexandria, Viginia 22313-1450
| U.S. APPLICATION NUMBER NO. I FIRST NAMED APPLICANT - ATTY. DOCKET NO. |
’ 13/516,554 Lei Du 863.0583.U1(US)
29683 | INTERNATIONAL APPLICATION NO. |
HARRINGTON & SMITH PCT/CN2009/075663

4 RESEARCH DRIVE, Suite 202[o=<T
SHELTON, CT 06484-6212

- LA, FILING DATE PRIORITY DATE
ECEILVY ED 12/17/2009

. | | CONFIRMATION NO. 2025
JUN 2 9 2012 U 371 ACCEPTANCE LETTER

IR e
Daie Mailed: 06/27/2012 - . MR

NOTICE OF ACCEPTANCE OF APPLICATION UNDER 35 U.S.C 371 AND 37 CFR 1.495

The applicant is hereby advised that the United States Patent and Trademark Office in its capacity as a
Designated / Elected Office (37 CFR 1.495), has determined that the above identified intemational application has
met the requirements of 35 U.S.C. 371, and is ACCEPTED for national patentability examination in the United
States Patent and Trademark Office.

The United States Application Number assigned to the application is shown above and the relevant dates are:

06/15/2012 06/17/2012
DATE OF RECEIPT OF 35 U.S.C. 371(c)(1), DATE OF COMPLETION OF ALL
(c)(2) and (c)(4) REQUIREMENTS 35 U.S.C. 371 REQUIREMENTS

A Filing Receipt (PTO-103X) will be issued for the present application in due course. THE DATE APPEARING
ON THE FILING RECEIPT AS THE " FILING DATE" IS THE DATE ON WHICH THE LAST OF THE 35
U.S.C. 371 (c)(1), (c)(2) and (c)(4) REQUIREMENTS HAS BEEN RECEIVED IN THE OFFICE. THIS DATE
IS SHOWN ABOVE. The filing date of the above identified application is the international filing date of the
international application (Article 11(3) and 35 U.S.C. 363). Once the Filing Receipt has been received, send all
correspondence to the Group Art Unit designated thereon.

The following items have been received:

« Copy of the International Application filed on 06/15/2012
« Copy of the International Search Report filed on 06/15/2012
« Preliminary Amendments filed on 06/15/2012
« Information Disclosure Statements filed on 06/15/2012
= Oath or Declaration filed on 06/15/2012
+U.S. Basic National Fees filed on 06/15/2012
« Specification filed on 06/15/2012
» Claims filed on 06/15/2012
- = Abstracts filed on 06/15/2012
+* Drawings filed on 06/15/2012

page 1 0of 2

FORM PCT/DO/EO/S03 (371 Acceptance Notice)
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Applicant is reminded that any communications to the United States Patent and Trademark Office must be mailed
to the address given in the heading and include the U.S. application no. shown above (37 CFR 1.5)

RODERICK M JONES

Telephone: (571) 272-9083

page 2 of 2

FORM PCT/DO/EO/903 (371 Acceptance Netice)
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IAPO1Rec'd PCT 16 JUL 2017

FR?E'%IMSF_’TO 1)390 (Modified) U.S. PATENT AND TRADEMARK OFFICE; U.S. DEPARTMENT OF COMMERCE

TRANSMITTAL LETTER TO THE UNITED STATES
DESIGNATED/ELECTED OFFICE (DO/EO/US)

et T T T~ —— S RS
U.S. APPLICATION NO. (If known, see 37 CFR 1.5)

ATTORNEY'S DOCKET NUMBER
863.0583U1(US)

CONCERNING A SUBMISSION UNDER 35 U.S.C. 371 13/516,554
INTERNATIONAL APPLICATION NO. INTERNATIONAL FILING DATE PRIORITY DATE CLAIMED
PCT/CN2009/075663 17 December 2009 17 December 2009

TITLE OF INVENTION
Reporting Buffering Information

IAPPLICANT(S) FOR DO/EO/US
Lei DU, Zhu Yan ZHAO, Min HUANG, Wei Hua ZHOU

A copy of the International Application as filed (35 U.S.C. 371 (c)(2))

b. O has been communicated by the International Bureau.

a. O is attached hereto.
b. O has been previously submitted under 35 U.S.C. 154(d)(4).

b. O have been communicated by the International Bureau.

d. OO0 have not been made and will not be made.

IApplicant herewith submits to the United States Designated/Elected Office (DO/EO/US) the following items and other information:

1. O Tnisis a FIRST submission of items concerning a submission under 35 U.S.C. 371.
2. & This is a SECOND or SUBSEQUENT submission of items concerning a submission under 35 U.S.C. 371.
3. [0 This is an express request to begin national examination procedures (35 U.S.C. 371(f)). The submission must include items (5), (6),
(9) and (25) indicated below.
4 [ The US has been elected (Article 31).
O

a. (O s attached hereto (required only if not communicated by the International Bureau).

c. O is not required, as the application was filed in the United States Receiving Office (RO/US).
6. [0 An English language translation of the International Application as filed (35 U.S.C. 371(c)(2)).
7. O Amendments to the claims of the International Application under PCT Article 19 (35 U.S.C. 371 (c)(3))

a. [0 are attached hereto (required only if not communicated by the International Bureau).

c¢. OO have not been made; however, the time limit for making such amendments has NOT expired.

8. [0 An English language translation of the amendments to the claims under PCT Article 19 (35 U.S.C. 371(c)(3)).

9. An oath or declaration of the inventor(s) (35 U.S.C. 371 (c)(4)).
10. [0 An English language translation of the annexes to the International Preliminary Examination Report under PCT

Article 36 (35 U.S.C. 371 (c)(5)).
11. O A copy of the International Preliminary Examination Report (PCT/IPEA/409).
12. [0 A copy of the International Search Report (PCT/ISA/210).
Items 13 to 23 below concern document(s) or information included:

13. [0  An Information Disclosure Statement under 37 CFR 1.97 and 1.98.
14. [0 An assignment document for recording. A separate cover sheet in compliance with 37 CFR 3.28 and 3.31 is included.
15. O AFIRST preliminary amendment.
16. 0 A SECOND or SUBSEQUENT preliminary amendment.
17. O An Application Data Shest under 37 CFR 1.76.
18. [ A substitute specification.
19. [ A power of attorney and/or change of address letter.
20. O A computer-readable form of the sequence listing in accordance with PCT Rule 13fer.2 and 37 CFR 1.821 - 1.825.
21. O A second copy of the published International Application under 35 U.S.C. 154(d)(4).
22. [0 Asecond copy of the English language translation of the International Application under 35 U.S.C. 154(d)(4).
23. O Express Mail Label No.
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PTO-1390 (Rev. 09-2006)

Approved for use through 3/31/2007. OMB 0651-0021
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

U.S. APPLICATION NO (if known, see 37 CFR 1.5) INTERNATIONAL APPLICATION NO. ATTORNEY'S DOCKET NUMBER
13/516,554 PCT/CN2009/075663 863.0583U1(US)
24, Other items or information:

The following fees have been submitted: CALCULATIONS PTO USE
25. [0 Basic nationalfee (37 CFR1.492(8)). . .. ......vierenriinneeenns $330 $ $0.00
26. [] Examination fee (37 CFR 1.492(c))
If the written opinion prepared by ISA/US or the international preliminary examination report $ $0.00
prepared by IPEA/US indicates all claims satisfy provisions of PCT Article $0
AlLOther SIUBLIONS. . . . . o oottt e e e $220
27. 00 Search fee (37 CFR 1.492(b))
If the written opinion of the ISA/US or the International preliminary examination report prepared
by IPEA/US indicates all claims satisfy provisions of PCT Article 33(1)-(4). .. $0
Search fee (37 CFR 1.445(a)(2)) has been paid on the international application to the USPTO $ $0.00
as an International Searching Authority. . . ......... ... .. ... ... L $100
International Search Report prepared by an ISA other than the US and provided to the Office or
previously communicated tothe USbythe IB. .. ...................... $430
Allother situations. . .. ... .. .. . e $540
TOTAL OF 25, 26 and 27 = $ $0.00
0 Additional fee for specification and drawings filed in paper over 100 sheets (excluding
sequence listing in compliance with 37 CFR 1.821(c) or (e) in an electronic medium or
computer program listing in an electronic medium) (37 CFR 1.492(j)).
The fee is $270 for each additional 50 sheets of paper or fraction thereof.
Total Sheets Extra Sheets Number of each additional 50 or RATE
fraction thereof (round up to a whole
-100 = 0 /50 = 0 x  $270.00 $ $0.00
Surcharge of $130.00 for furnishing any of the search fee, examination fee, or the oath or $ $130.00
declaration after the date of commencement of the national stage (37 CFR 1.492(h)). .
CLAIMS NUMBER FILED NUMBER EXTRA RATE
Total claims -20= 0 X $52.00 $ $0.00
Independent claims - 3= 0 X $220.00 $ $0.00
MULTIPLE DEPENDENT CLAIMS (if applicable) O + $390.00 $ $0.00
TOTAL OF ABOVE CALCULATIONS = |3 $130.00
] Applicant ctaims small entity status. See 37 CFR 1.27. Fees above are reduced by $ $0.00
1/2. ’
SUBTOTAL = [$ $130.00
Processing fee of $130.00 for furnishing the English transtation later than 30 months from $ $0.00
the earliest claimed priority date (37 CFR 1.492(i)). )
TOTAL NATIONAL FEE= |3 $130.00
Fee for recording the enclosed assignment (37 CFR 1.21(h)). The assignment must be $ $0.00
accompanied by an appropriate cover sheet (37 CFR 3.28, 3.31). $40 per property + .
TOTAL FEES ENCLOSED = |$ $130.00
Amounttobe |§
Amount to be $

07/16/2012 TLUULY 00000011 501924

0L RGBT o9 Pos 284
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PTO-1390 (Rev. 09-2008)
Approved for use through 3/31/2007. OMB 0651-0021
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

a.
b. X
c. X
d 4

NOTE: Where an appropriate time limit under 37 CFR 1.495 has not been met, a petition to revive (37 CFR 1.137(a) or (b))
must be filed and granted to restore the International Application to pending stat
SEND ALL CORRESPONDENCE TO:

Robert Mauri SIGNATURE
Registration No. 41,180

Robert Mauri
Harrington & Smith NAME
Attorneys at Law, LLC
4 Research Drive 41,180

Shelton, CT 06484

Customer No. 29683 7 ?/[ g U

A check in the amount of $ to cover the above fees is enclosed.

Please charge my Deposit Account No. 50-1924 in the amount of $ $130.00 to cover the above fees.
A duplicate copy of this sheet is enclosed.

The Commissioner is hereby authorized to charge any additional fees which may be required, or credit any overpayment
to Deposit Account No. 50-1924 . A duplicate copy of this sheet is enclosed.

Fees are to be charged to a credit card. WARNING: Information on this form may become public. Credit card
information should not be included on this form. Provide credit card information and authorization on PTO-2038. The
PTO-2038 should only be mailed or faxed to the USPTO. However, when paying the basic national fee, the PTO-2038
may NOT be faxed to the USPTO.

ADVISORY: If filing by EFS-Web, do NOT attach the PT0O-2038 form as a PDF along with your EFS-Web submission.
Please
be advised that this is not recommended and by doing so your credit card information may be displayed via PAIR. To

REGISTRATION NUMBER

DATE

Page 30f 3 PCTUS1/REV08
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IN THE U.S. PATENT AND TRADEMARK OFFICE

In re U.S. Patent Application of:
Applicant: Lei DU, Zhu Yan ZHAO, Min HUANG, Wei Hua ZHOU

Serial No.: 13/516,554
Filed: 06/15/2012
Title: Reporting Buffering Information

Attorney Docket No.: 863.0583.U1(US)

Certificate of Mailing
I hereby certify that the following correspondence:

Transmittal Letter to U.S. Designated/Elected Office
Declaration and Power of Attorney

Return postcard

is being déposited with the United States Postal Service, on the date shown below, first class
mail, in an envelope addressed to: Commissioner for Patents, P.O. Box 1450, Alexandria,

VA 22313-1450, Mail Stop PCT

1-G-20\2 X CADYY

Date J%Eﬁ:é’ Pace
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Nokia Siemiens Networks Oy Docket No. 2009P01812WOUS

Harrington & Smith, Attorneys at Law, LLC. Docket No.:

DECLARATION AND POWER OF ATTORNEY
FOR PATENT APPLICATION

As a below named inventor, I hereby declare that:
My residence, post office address and citizenship are as stated below next to my name.
I believe I am the original, first and sole inventor (if only one name is listed below) or an original,

first and joint inventor (if plural names are listed below) of the subject matter, which is claimed
and for which a patent is sought on the invention entitled:

Reporting Buffering Information
the specification of which:

(check one) [] is attached hereto.

[] was filed on as U.S. Application Serial No. , and
was amended on (if applicable).

[X] was described and claimed in PCT International Application Number
PCT/CN2009/075663 filed on 17.12.2009 and
[[] as amended under PCT Article 19 on (if any) and/or
[[] as amended under PCT Article 34 as published in the Annex(es) to the
International Preliminary Examination Report (if any).

I hereby state that I have reviewed and understand the contents of the above-identified
specification, including the claims, as amended by any amendment referred to above.

I acknowledge the duty to disclose to the U.S. Patent and Trademark Office all information known
to me to be material to the patentability of this application as defined in Title 37, Code of Federal
Regulations, §1.56

I hereby claim foreign priority benefits under Title 35, United States Code, §119 of any foreign
application(s) for patent or inventor's certificate(s) listed below and have also identified below any
foreign application(s) for patent or inventor's certificate(s) having a filing date before that of the
application on which priority is claimed:

Prior foreign application Priority Claimed
- : O 0O
(Number) (Country) (Day Month Year Filed) Yes No
- O 0O
(Number) (Country) (Day Month Year Filed) Yes No
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Nokia Siemens Networks Oy Docket No. 2009P01812WOUS

I hereby claim benefit under Title 35, United States Code, §120 of any United States application(s)
listed below and, insofar as the subject matter of each of the claims of this application is not
disclosed in the prior United States application in the manner provided by the first paragraph of
Title 35, United States Code, §112, I acknowledge the duty to disclose material information as
defined in Title 37, Code of Federal Regulations, §1.56(a) which occurred between the filing date
of the prior application and the national or PCT international filing date of this application.

13/516,554___ 17.12.2009 Pending
(Application Serial No.) (Filing Date) (Status)

POWER OF ATTORNEY: As a named inventor I hereby appoint the following attorney(s) and/or
agent(s) to prosecute this application and transact all business in the U.S. Patent and Trademark
Office connected therewith:

And all attorneys or agents associated with Customer No.: 29,683

Harrington & Smith, Attorneys at Law, LLC.
4 Research Drive Shelton, Connecticut 06484-6212 UNITED STATES OF AMERICA
Telephone: +1 203 925 9400 and Facsimile +1 203 944 0245

Or
Customer No. 29,683

I hereby declare that all statements made herein of 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 of Title 18 of the United States Code and that
such willful false statements may jeopardize the validity of the application or any patent issued
thereon.
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Nokia Siemens Networks Oy Docket No. 2009P01812WOUS

Authorization To Permit Access To Application by Participating Offices

K The undersigned hereby grants the USPTO authority to provide the European Patent Office
. (EPO), the Japan Patent Office (JPO), the Korean Intellectual Property Office (KIPO), the
World Intellectual Property Office (WIPO), and any other intellectual property offices in
which a foreign application claiming priority to the above-identified patent application is

filed access to the above-identified patent application. See 37 CFR 1.14(c) and (h).

This box should not be checked if the applicant does not wish the EPO, JPO, KIPO, WIPO, or other
intellectual property office in which a foreign application claiming priority to the above-identified patent
application is filed to have access to the above-identified patent application. In accordance with 37 CFR
1.14(h)(3), access will be provided to a copy of the above-identified patent application with respect to: 1) the
above-identified patent application-as-filed; 2) any foreign application to which the above-identified patent
application claims priority under 35 U.S.C. 119(a)-(d) if a copy of the foreign application that satisfies the
certified copy requirement of 37 CFR 1.55 has been filed in the above-identified patent application; and 3)
any U.S. application-as-filed from which benefit is sought in the above-identified patent application. In
accordance with 37 CFR 1.14(c), access may be provided to information concerning the date of filing the
Authorization to Permit Access to Application by Participating Offices.
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Nokia Siemens Networks Oy Docket No. 2009P01812WOUS

(1) FULL NAME OF INVENTOR:

LAST NAME: Du
FIRST NAME Lei
RESIDENCE:

CITY: Beijing,

STATE OR COUNTRY: CHINA

CITIZENSHIP: CN
POST OFFICE ADDRESS: NSN Building A,14, Jiu Xian Qiao Road, Chaoyang District,,

100016 Beijing,
CHINA

Signature J—U D\A Date :ru(,t._ a2
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Nokia Siemens Networks Oy Docket No. 2009P01812WQOUS

(2) FULL NAME OF INVENTOR:

LAST NAME: Zhao
FIRST NAME Zhu Yan
RESIDENCE:

CITY: Beijing,

STATE OR COUNTRY: CHINA

CITIZENSHIP: CN
POST OFFICE ADDRESS: Yu Quan Lu, No. 16, 300-3-12, Haidian District,

100039 Beijing,
CHINA

Signature ,7“&/ Z7201(7 Date% ZZ‘“ / “)
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Nokia Siemens Networks Oy Docket No. 2009P01812WOUS

(3) FULL NAME OF INVENTOR:
LAST NAME: Huang
FIRST NAME Min
RESIDENCE:

CITY: Beijing,

STATE OR COUNTRY: CHINA

CITIZENSHIP: CN
POST OFFICE ADDRESS: NSN Building A,14, Jiu Xian Qiao Road, Chaoyang District,,

100016 Beijing,
CHINA

Signature ___Muia Hwaz\d Date Ad2, v
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Nokia Siemens Networks Oy Docket No. 2009P01812WOUS
(4) FULL NAME OF INVENTOR:

LAST NAME: Zhou
FIRST NAME Wei Hua
RESIDENCE:

CITY: Beijing,

STATE OR COUNTRY: CHINA

CITIZENSHIP: CN
POST OFFICE ADDRESS: Zaojunmiao Jie #16, Haidian District,,

100081 Beijing,
CHINA

o
Signature ZLW\A \/\,LO;W Date Ju‘-l ) L0 (—
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE REC'D ATTY.DOCKET.NO TOT CLAIMSQIND CLAIMS
13/516554  06/15/2012 1500 863.0583.U1(US) 20 4
CONFIRMATION NO. 2025
29683 CORRECTED FILING RECEIPT
HARRINGTON & SMITH
4 RESEARCH DRIVE, Suite 202 RO A0 I RN TR
0000000554819

SHELTON, CT 06484-6212
Date Mailed: 07/20/2012

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Applicant(s)
Lei Du, Beijing, CHINA;
Zhuyan Zhao, Beijing, CHINA;
Min Huang, Beijing, CHINA;
Wei Hua Zhou, Beijing, CHINA;

Power of Attorney:
Robert Mauri--41180

Domestic Priority data as claimed by applicant
This application is a 371 of PCT/CN2009/075663 12/17/2009

Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the
USPTO. Please see http://www.uspto.gov for more information.)

If Required, Foreign Filing License Granted: 06/25/2012

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 13/516,554

Projected Publication Date: 10/04/2012
Non-Publication Request: No

Early Publication Request: No
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Title
Reporting Buffering Information

Preliminary Class
PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4158).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184
Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
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license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation

works to encourage, facilitate, and accelerate business investment. To learn more about why the USA is the best

country in the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
13/516,554 06/15/2012 Lei Du 863.0583.U1(US)
CONFIRMATION NO. 2025
29683 PUBLICATION NOTICE
HARRINGTON & SMITH
4 RESEARCH DRIVE, Suite 202 IR O TR

SHELTON, CT 06484-6212

Title:Reporting Buffering Information

Publication No.US-2012-0250605-A1
Publication Date:10/04/2012

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTO's publically available Searchable Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set forth
in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's Office of
Public Records. The Office of Public Records can be reached by telephone at (703) 308-9726 or (800) 972-6382,
by facsimile at (703) 305-8759, by mail addressed to the United States Patent and Trademark Office, Office of
Public Records, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and the

dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through the Patent
Electronic Business Center at www.uspto.gov using the public side of the Patent Application Information and
Retrieval (PAIR) system. The direct link to access this status information is currently http://pair.uspto.gov/. Prior to
publication, such status information is confidential and may only be obtained by applicant using the private side of
PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent
Electronic Business Center at 1-866-217-9197.

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.Uspto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
29683 7590 10/08/2013
HARRINGTON & SMITH HAN, CLEMENCE $
4 RESEARCH DRIVE, Suite 202
SHELTON, CT 06484-6212 | ART UNIT PAPER NUMBER |
2414
DATE MAILED: 10/08/2013
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
13/516,554 06/15/2012 Lei Du 863.0583.U1(US) 2025

TITLE OF INVENTION: Reporting Buffering Information

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional UNDISCOUNTED $1780 $300 $0 $2080 01/08/2014

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW
DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that
entity status still applies.

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled
"Change in Entity Status (from status indicated above)".

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity
fees.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to
Mail Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commlssmner for Patents
P.O.Box 1
Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where
ppropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
1cated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for

malntenance fee notifications.

Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) apers. Each additional paper, such as an assignment or formal drawing, must
Eave its own certificate of mailing or transmission.

Certificate of Mailing or Transmission

29683 7590 10/08/2013 I hereby certify that this Fee(s) Transmittal is being deposited with the United
HARRINGTON & SMITH States Postal Service with sufficient postage for first class mail in an envelope
dd d to the Mail S ISSUEpFEEg dd; by b f: Fi
. addressed to the Mail Stop address above, or being facsimile
4 RESEARCH DRIVE, Suite 202 transmitted to the USPTO (571) 273-2885, on the date indicated below.

SHELTON, CT 06484-6212

(Depositor's name)

(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
13/516,554 06/15/2012 Lei Du 863.0583.U1(US) 2025
TITLE OF INVENTION: Reporting Buffering Information
| APPLN. TYPE ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional UNDISCOUNTED $1780 $300 $0 $2080 01/08/2014
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
HAN, CLEMENCE S 2414 370-315000
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CFR 1.363). . 1
(1) the names of up to 3 registered patent attorneys
| Chan%e of correspondence address (or Change of Correspondence or agents OR, alternatively,
Address form PTO/SB/122) attached. 2
(2) the name of a single firm (having as a member a
[ "Fee Address" indication (or "Fee Address” Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no name is 3
Number is required. listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : [ ndividuat Corporation or other private group entity [ Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
[ Issue Fee [ A check is enclosed.
[ Publication Fee (No small entity discount permitted) | Payment by credit card. Form PTO-2038 is attached.
(] Advance Order - # of Copies (1 The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any
overpayment, to Deposit Account Number (enclose an extra copy of this form).
Page 2 of 4
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5. Change in Entity Status (from status indicated above)

d Applicant certifying micro entity status. See 37 CFR 1.29 NOTE: Absent a valid certification of Micro Entity Status (see form PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.

| Applicant asserting small entity status. See 37 CFR 1.27 NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

| Applicant changing to regular undiscounted fee status. NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in
interest as shown by the records of the United States Patent and Trademark Office.

Authorized Signature Date

Typed or printed name Registration No.

This collection of information is required by 37 CFR 1.311. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to process)
an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, preparing, and
submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to complete
this form and/or suggestions for reducing this burden, should be sent toalt'f}lle Cﬁief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O.
Box 1450, Alexandgria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
Alexandria, Virginia 22313-1450.

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.Uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO. |
13/516,554 06/15/2012 Lei Du 863.0583.U1(US) 2025
29683 7590 10/08/2013 | EXAMINER |
HARRINGTON & SMITH HAN, CLEMENCE S
4 RESEARCH DRIVE, Suite 202
SHELTON, CT 06484-6212 | ART UNIT PAPER NUMBER |

2414

DATE MAILED: 10/08/2013

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment to date is 52 day(s). If the issue fee is paid on the date that is three months after the
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half
months) after the mailing date of this notice, the Patent Term Adjustment will be 52 day(s).

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval
(PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with
your submission of the attached form related to a patent application or patent. Accordingly, pursuant to
the requirements of the Act, please be advised that: (1) the general authority for the collection of this
information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the
principal purpose for which the information is used by the U.S. Patent and Trademark Office is to process
and/or examine your submission related to a patent application or patent. If you do not furnish the
requested information, the U.S. Patent and Trademark Office may not be able to process and/or examine
your submission, which may result in termination of proceedings or abandonment of the application or
expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom
of Information Act (5§ U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of
records may be disclosed to the Department of Justice to determine whether disclosure of these
records is required by the Freedom of Information Act.

A record from this system of records may be disclosed, as a routine use, in the course of presenting
evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel
in the course of settlement negotiations.

. A record in this system of records may be disclosed, as a routine use, to a Member of Congress

submitting a request involving an individual, to whom the record pertains, when the individual has
requested assistance from the Member with respect to the subject matter of the record.

. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency

having need for the information in order to perform a contract. Recipients of information shall be
required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5
U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this
system of records may be disclosed, as a routine use, to the International Bureau of the World
Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

. A record in this system of records may be disclosed, as a routine use, to another federal agency for

purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy
Act (42 U.S.C. 218(c)).

. A record from this system of records may be disclosed, as a routine use, to the Administrator,

General Services, or his/her designee, during an inspection of records conducted by GSA as part of
that agency's responsibility to recommend improvements in records management practices and
programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance
with the GSA regulations governing inspection of records for this purpose, and any other relevant
(i.e., GSA or Commerce) directive. Such disclosure shall not be used to make determinations about
individuals.

. A record from this system of records may be disclosed, as a routine use, to the public after either

publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35
U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a
routine use, to the public if the record was filed in an application which became abandoned or in
which the proceedings were terminated and which application is referenced by either a published
application, an application open to public inspection or an issued patent.

. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local

law enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or
regulation.
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Notices of Allowance and Fee(s) Due mailed between October 1, 2013 and
December 31,2013

(Addendum to PTOL-85)
If the “Notice of Allowance and Fee(s) Due” has a mailing date on or after October 1, 2013 and before

January 1, 2014, the following information is applicable to this application.

If the issue fee is being timely paid on or after January 1, 2014, the amount due is the issue fee and
publication fee in effect January 1, 2014. On January 1, 2014, the issue fees set forth in 37 CFR 1.18
decrease significantly and the publication fee set forth in 37 CFR 1.18(d)(1) decreases to $0.

If an issue fee or publication fee has been previously paid in this application, applicant is not entitled to a
refund of the difference between the amount paid and the amount in effect on January 1, 2014.
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Application No. Applicant(s)

13/516,554 DU ET AL.
. oy [ i AlA (First Inventor to
Notice of Allowability e AN Mt | Fie) status

No

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWARBILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. X This communication is responsive to 06/15/2012.
OA declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on

2. [ An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the restriction
requirement and election have been incorporated into this action.

3. X The allowed claim(s) is/are 1. 5, 6, 10, 19, 21, 25, 26, 29, 30 and 39-48 now renumbered as 1-20 in order. As a result of the allowed
claim(s), you may be eligible to benefit from the Patent Prosecution Highway program at a participating intellectual property office
for the corresponding application. For more information, please see hiigp://www.uspin.gov/batents/init_evenis/oph/index.jsg or send an
inquiry to PPHicedback@usplo.gov .

4. [] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)[dJ Al b)[JSome *c)[] None of the:
1. [ Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).
* Certified copies not received: __

Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. [] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.

O including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .
Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. [] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1. X Notice of References Cited (PTO-892) 5. [] Examiner's Amendment’Comment

2. { Information Disclosure Statements (PTO/SB/08), 6. [X] Examiner's Statement of Reasons for Allowance
Paper No./Mail Date

3. [ Examiner's Comment Regarding Requirement for Deposit 7. [ Other .

of Biological Material
4. [ Interview Summary (PTO-413),
Paper No./Mail Date .

Clemence Han
Primary Examiner
Art Unit: 2464

U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20130928
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Application/Control Number: 13/516,554 Page 2
Art Unit: 2464

DETAILED ACTION

Allowable Subject Matter
1. Claims 1, 5, 6, 10, 19, 21, 25, 26, 29, 30 and 39-48 are allowed.
2. The following is an examiner’s statement of reasons for allowance: The
present invention is directed to a method for reporting buffering information. The
prior arts in the record fail to teach or make obvious to a method comprising the
report being generated based on a report format used for uplink reporting by a
user station; and sending an indication to the system station that the node for
relaying has different buffering capabilities than the user station within a structure
of the claim. These features are claimed in the independent claims 1, 21, 39 and
44 and render them allowable.

Any comments considered necessary by applicant must be submitted no
later than the payment of the issue fee and, to avoid processing delays, should
preferably accompany the issue fee. Such submissions should be clearly labeled
“‘Comments on Statement of Reasons for Allowance.”

Conclusion
Any inquiry concerning this communication or earlier communications from the

examiner should be directed to CLEMENCE HAN whose telephone number is

(5671)272-3158. The examiner can normally be reached on Monday-Friday 8-4.
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Application/Control Number: 13/516,554 Page 3
Art Unit: 2464

If attempts to reach the examiner by telephone are unsuccessful, the examiner’'s
supervisor, Ricky Ngo can be reached on (571) 272-3139. The fax phone number for
the organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http:/pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/Clemence Han/
Primary Examiner, Art Unit 2464
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Notice of References Cited

Application/Control No.
13/516,554

Applicant(s)/Patent Under
Reexamination

DUET AL.
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IN THE CLAIMS

This listing of the claims will replace all prior versions, and listings, of the claims in this

application.

1. (Original) A method comprising:
sending a buffer information report to a system station from a node for relaying
communications between at least one user station and the system station, the
report being generated based on a report format used for uplink reporting by a

user station; and

sending an indication to the system station that the node for relaying has different

buffering capabilities than the user station.

2.-4. (Cancelled)

5. (Previously Presented) A method as claimed in claim 1, wherein the indication
comprises an indication that the buffer size of the node for relaying is extended from that of

the user equipment and information of the size of the extension.

6. (Previously Presented) A method as claimed in claim 1, wherein the buffer
information report indicates the buffer size of a user equipment and the indication provides a
buffer extension factor, the method comprising defining the buffer capabilities of the node for

relaying as a function of the buffer size and buffer extension factor.

7.-9. (Cancelled)
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10.  (Currently Amended) A method as claimed in claim 1, wherein the buffer information

report comprises a medium access control_control element.

11.-18. (Cancelled)

19.  (Previously Presented) A method as claimed in claim 1, comprising separate
signalling of said indication in a radio resource control message or an admission control

message and the buffer information report in a medium access control message.

20.  (Cancelled)

21.  (Original) An apparatus, comprising:
means for causing sending of a buffer information report to a system station from a
node for relaying communications between at least one user station and the
system station, the report being generated based on a report format used for

uplink reporting by a user station; and

means for causing sending of an indication to the system station that the node for

relaying has different buffering capabilities than the user station.

22.-38. (Cancelled)

39.  (Previously Presented) A method comprising:
receiving a buffer information report from a node for relaying communications
between at least one user station and a system station, the report being

generated based on a report format used for uplink reporting by a user station,
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receiving an indication that the node for relaying has different buffering capabilities

than the user station;

determining the buffering capabilities of the node for relaying based on the buffer

information report and the indication; and

controlling communications between the system station and the node for relaying

accordingly.

40. (Previously Presented) A method as claimed in claim 39, wherein the indication
comprises an indication that the buffer size of the node for relaying is extended from that of

the user equipment and information of the size of the extension.

41. (Previously Presented) A method as claimed in claim 39, wherein the buffer
information report indicates the buffer size of a user equipment and the indication provides a
buffer extension factor, the method comprising defining the buffer capabilities of the node for

relaying as a function of the buffer size and buffer extension factor.

42, (Previously Presented) A method as claimed in claim 39, wherein the buffer

information report comprises a medium access control element.

43.  (Previously Presented) A method as claimed in claim 39, comprising separate
signalling of said indication in a radio resource control message or an admission control

message and the buffer information report in a medium access control message.
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44.  (Previously Presented) An apparatus comprising:
means for receiving a buffer information report from a node for relaying
communications between at least one user station and a system station, the
report being generated based on a report format used for uplink reporting by a

user station; and

control means for processing an indication that the node for relaying has different
buffering capabilities than the user station, for determining the buffering
capabilities of the node for relaying based on the received buffer information
report and the indication, and for controlling communications between the

system station and the node for relaying accordingly.

45.-48. (Canceled)

49.  (New) An apparatus, comprising:

at least one processor; and
at least one memory including computer program code

the at least one memory and the computer program code configured to, with the at

least one processor, cause the apparatus to perform at least the following:

sending of a buffer information report to a system station from a node for relaying
communications between at least one user station and the system station, the
report being generated based on a report format used for uplink reporting by a

user station; and

sending of an indication to the system station that the node for relaying has different

buffering capabilities than the user station.
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50.  (New) An apparatus as claimed in claim 49, wherein the at least one memory and the
computer program code are further configured to, with the at least one processor, cause the
apparatus to perform at least the following: process an indication that the buffer size of the
node for relaying is extended from that of the user equipment and information of the size of

the extension.

51. (New) An apparatus as claimed in claim 49, wherein the at least one memory and the
computer program code are further configured to, with the at least one processor, cause the
apparatus to perform at least the following: process a buffer information report that indicates
the buffer size of a user equipment, and wherein the indication provides a buffer extension
factor and the buffer capabilities of the node for relaying are defined as a function of the

buffer size and buffer extension factor.

52. (New) An apparatus as claimed in claim 49, wherein the at least one memory and the
computer program code are further configured to, with the at least one processor, cause the
apparatus to perform at least the following: communicate the indication within the buffer

information report.

53. (New) An apparatus as claimed in claim 52, wherein the buffer information report
comprises a buffer status report and said indication is included into an extension of the buffer

status report.

54. (New) An apparatus, comprising:

at least one processor; and
at least one memory including computer program code

the at least one memory and the computer program code configured to, with the at

least one processor, cause the apparatus to perform at least the following:

6
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receiving a buffer information report from a node for relaying communications
between at least one user station and a system station, the report being
generated based on a report format used for uplink reporting by a user station;

and

control means for processing an indication that the node for relaying has different
buffering capabilities than the user station, for determining the buffering
capabilities of the node for relaying based on the received buffer information
report and the indication, and for controlling communications between the

system station and the node for relaying accordingly.

55. (New) An apparatus as claimed in claim 54, wherein the at least one memory and the
computer program code are further configured to, with the at least one processor, cause the

apparatus to perform at least the following: process an indication that the buffer size of the
node for relaying is extended from that of the user equipment and information of the size of

the extension.

56.  (New) An apparatus as claimed in claim 54, wherein the at least one memory and the
computer program code are further configured to, with the at least one processor, cause the
apparatus to perform at least the following: determine the buffer size of the node for
relaying based on an extension factor that has been received earlier or based on a default

extension factor.

57. (New) An apparatus as claimed in claim 54, wherein the at least one memory and the
computer program code are further configured to, with the at least one processor, cause the
apparatus to perform at least the following: communicate the indication within the buffer

information report.
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58.  (New) An apparatus as claimed in claim 54, wherein the buffer information report
comprises a buffer status report and said indication is included into an extension of the buffer

status report.

59.  (New) A computer program product comprising a non-transitory computer-readable
storage medium bearing computer program code embodied therein for use with a computer,

the computer program code comprising code for performing the method of claim 1.

60.  (New) A computer program product comprising a non-transitory computer-readable
storage medium bearing computer program code embodied therein for use with a computer,

the computer program code comprising code for performing the method of claim 39.
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REMARKS

New claims correspond as follows to the claims in the Preliminary
Amendment filed contemporaneously with the filing of the Application: New claim 49
corresponds to 21; new claim 50 corresponds to claim 25; new claim 51 corresponds to claim
26; new claim 52 corresponds to claim 29; new claims 53 corresponds to claim 30; new claim
54 corresponds to claim 47; new claim 55 corresponds to claim 48; new claim 56 corresponds
to claim 49; new claim 57 corresponds to claim 50; and new claim 58 correspond to claim 51.
The new claims are supported at least by the original claims and the original specification,
particularly page 9, lines 18-33, page 10, line 32 to page 11, line 7, and page 19, lines 17 to
35. New claims 59 and 60 are program product claims and are supported, e.g., by page 8,
lines 5-9, page 19, lines 25-35. Applicant respectfully submits no new matter has been
added.

Applicant also amends claim 10 as follows: “A method as claimed in claim 1,
wherein the buffer information report comprises a medium access control control element”.
This returns the subject matter of “wherein the buffer information report comprises a medium
access control control element” of this claim to be the same as originally filed. That is, this
case was originally filed with a MAC control element, but we amended the claim to be a
MAC element because “control control” seems like a grammatical error. However, the term
“MAC control element” is in the original claim and is supported multiple times in the original

specification (e.g., see page 4, line 12, and page 17, lines 30, 31). No new matter is added.

It is believed that the remaining and new claims are allowable. The Examiner

is invited to call the undersigned attorney for any issues.

Respectfully submitted:
A ] I ] / [ Jj
Robert J. Mfuri Date

Reg. No.: 41,180

Customer No.: 29683
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Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment to date is 47 day(s). If the issue fee is paid on the date that is three months after the
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half
months) after the mailing date of this notice, the Patent Term Adjustment will be 47 day(s).

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval
(PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and
Budget approval before requesting most types of information from the public. When OMB approves an agency
request to collect information from the public, OMB (i) provides a valid OMB Control Number and expiration
date for the agency to display on the instrument that will be used to collect the information and (ii) requires the
agency to inform the public about the OMB Control Number’s legal significance in accordance with 5 CFR
1320.5(b).

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary
depending upon the individual case. Any comments on the amount of time you require to complete this form
and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT
SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box
1450, Alexandria, Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to
respond to a collection of information unless it displays a valid OMB control number.

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is
35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which
the information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission
related to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and
Trademark Office may not be able to process and/or examine your submission, which may result in termination of
proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records
may be disclosed to the Department of Justice to determine whether disclosure of these records is required
by the Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of
settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance
from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having
need for the information in order to perform a contract. Recipients of information shall be required to
comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes
of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C.
218(c)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency's
responsibility to recommend improvements in records management practices and programs, under authority
of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations
governing inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive.
Such disclosure shall not be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication
of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a
record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the
record was filed in an application which became abandoned or in which the proceedings were terminated
and which application is referenced by either a published application, an application open to public
inspection or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law

en meptagency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Application No. Applicant(s)

13/516,554 DU ET AL.
. oy [ i AlA (First Inventor to
Notice of Allowability e AN o InI ] i) status

No

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. X This communication is responsive to 01/13/2014.
Oa declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on

2. [J An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the restriction
requirement and election have been incorporated into this action.

3. X The allowed claim(s) is/are 1, 5, 6, 10, 19, 21, 39-44 and 49-60 now renumbered as 1-5, 7-12, 14-24, 6 and 13 respectively. As a
result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution Highway program at a participating
intellectual property office for the corresponding application. For more information, please see
hito/weww. uspto gov/patents/init_evenis/poh/index.jsp or send an inquiry to PPHieedback@uspio.gov .

4. [J Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)[J Al b)[J Some *c)[] None of the:
1. [ Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [] Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).
* Certified copies not received: __

Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. [J CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
[0 including changes required by the attached Examiner's Amendment / Comment or in the Office action of

Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. [] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1. [0 Notice of References Cited (PTO-892) 5. [] Examiner's Amendment/Comment

2. [ Information Disclosure Statements (PTO/SB/08), 6. [X] Examiner's Statement of Reasons for Allowance
Paper No./Mail Date

3. [ Examiner's Comment Regarding Requirement for Deposit 7. [ Other .

of Biological Material
4. [ Interview Summary (PTO-413),
Paper No./Mail Date .

U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20140209
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Application/Control Number: 13/516,554 Page 2
Art Unit: 2414

DETAILED ACTION

Allowable Subject Matter
1. Claims 1, 5, 6, 10, 19, 21, 39-44 and 49-60 are allowed.
2. The following is an examiner’s statement of reasons for allowance: The
present invention is directed to a method for reporting buffering information. The
prior arts in the record fail to teach or make obvious to a method comprising the
report being generated based on a report format used for uplink reporting by a
user station; and sending an indication to the system station that the node for
relaying has different buffering capabilities than the user station within a structure
of the claim. These features are claimed in the independent claims 1, 21, 39, 44,
49 and 54 and render them allowable.

Any comments considered necessary by applicant must be submitted no
later than the payment of the issue fee and, to avoid processing delays, should
preferably accompany the issue fee. Such submissions should be clearly labeled
“‘Comments on Statement of Reasons for Allowance.”

Conclusion
Any inquiry concerning this communication or earlier communications from the

examiner should be directed to CLEMENCE HAN whose telephone number is

(5671)272-3158. The examiner can normally be reached on Monday-Friday 8-4.
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Application/Control Number: 13/516,554 Page 3
Art Unit: 2414

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Edan Orgad can be reached on (571) 272-7884. The fax phone number for
the organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/CLEMENCE HAN/
Primary Examiner, Art Unit 2414
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Primary Examiner.Art Unit 2414 02/09/2014 O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 1 4
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Application/Control No. Applicant(s)/Patent Under Reexamination
Issue Classification | ,4z16554 DU ET AL
CLEMENCE HAN 2464
O Claims renumbered in the same order as presented by applicant O CPA O T.b. O R.1.47
Final Original Final Original Final Original Final Original Final Original Final Original Final Original Final Original
1 1 17 33 15 49
2 18 34 16 50
3 5 19 35 17 51
4 20 36 18 52
2 5 7 21 37 19 53
3 6 22 38 20 54
7 23 8 39 21 55
8 24 9 40 22 56
9 25 10 41 23 57
4 10 26 11 42 24 58
11 27 12 43 6 59
12 28 14 44 13 60
13 29 45
14 30 46
15 31 47
16 32 48
NONE
Total Claims Allowed:
24
(Assistant Examiner) (Date)
/CLEMENCE HAN/
Primary Examiner.Art Unit 2414 02/09/2014 O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 1 4
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EAST Search History (I nterference)

Ref Hits {{Search Query DBs Default Plurals {iTime Stamp

# Operator

L7 282 ii(buffer with USPAT; OR ON 2014/02/09
relay).clm. UPAD 23:26

S17 {272 ii(buffer with USPAT; OR ON 2013/09/28
relay).clm. UPAD 17:01

2/9/2014 11:27:43 PM
C:\ Users\ chan\ Documents\ EAST\ Workspaces old\ 13516554.wsp

Page 268 of 284

file:///Cl/Users/chan/Documents/e-Red%20Folder/13516554/EASTSearchHistory.13516554_AccessibleVersion.htm[2/9/2014 11:27:45 PM]



EAST Search History

EAST Search History

EAST Search History (Prior Art)

Ref {Hits {{Search Query DBs Default Plurals jiTime

# Operator Stamp

L1 22866 i}370/315,328,246.ccls. US-PGPUB; USPAT; EPO; {OR ON 2014/02/09
JPO; DERWENT; 23:17
IBM_TDB

2 #1783 i455/7.ccls. US-PGPUB; USPAT; EPO; {OR ON 2014/02/09
JPO; DERWENT; 23:17
IBM_TDB

L3 {24261 jL1 L2 US-PGPUB; USPAT; EPO; {OR ON 2014/02/09
JPO; DERWENT; 23:17
IBM_TDB

L4 #301 buffer with relay and L3 {US-PGPUB; USPAT; EPO; {OR ON 2014/02/09
JPO; DERWENT; 23:17
IBM_TDB

L5 {754 H04B7/15528,15542.cpc. §US-PGPUB; USPAT; EPO; HOR ON 2014/02/09
JPO; DERWENT; 23:26
IBM_TDB

L6 #30 4 and 5 US-PGPUB; USPAT; EPO; {OR ON 2014/02/09
JPO; DERWENT; 23:26
IBM_TDB

S1 §107  {lei with du.in. US-PGPUB; USPAT; EPO; HOR ON 2013/09/28
JPO; DERWENT; 16:32
IBM_TDB

S22 {18 zhuyan with zhao.in. US-PGPUB; USPAT; EPO; HOR ON 2013/09/28
JPO; DERWENT; 16:32
IBM_TDB

3 1820 min with huang.in. US-PGPUB; USPAT; EPO; HOR ON 2013/09/28
JPO; DERWENT; 16:32
IBM_TDB

S 4§37 wei with hua with US-PGPUB; USPAT; EPO; HOR ON 2013/09/28

zhou.in. JPO; DERWENT; 16:33

IBM_TDB

S5 1965 {S1 X SBHA US-PGPUB; USPAT; EPO; HOR ON 2013/09/28
JPO; DERWENT; 16:33
IBM_TDB

S6 42 relay and S5 US-PGPUB; USPAT; EPO; HOR ON 2013/09/28
JPO; DERWENT; 16:33
IBM_TDB

S7 44 buffer with relay and S5 {US-PGPUB; USPAT; EPO; {OR ON 2013/09/28
JPO; DERWENT; 16:33
IBM_TDB

S8 80 buffer with report with  §US-PGPUB; USPAT; EPO; HOR ON 2013/09/28

relay JPO; DERWENT; 16:36

IBM_TDB

89 19151 4370/315,328,246.ccls. US-PGPUB; USPAT; EPO; HOR ON 2013/09/28
JPO; DERWENT; 16:56
IBM_TDB

S10 #1561 {455/7.ccls. US-PGPUB; USPAT; EPO; HOR ON 2013/09/28
JPO; DERWENT; 16:56

Page 269 of 284

file:///Cl/Users/chan/Documents/e-Red%20Folder/13516554/EASTSearchHistory.13516554_AccessibleVersion.htm[2/9/2014 11:27:24 PM]




EAST Search History

P i {IBV_TDB s ; s §
S11 {20401 {{S9 S10 US-PGPUB; USPAT; EPO; {OR ON 2013/09/28
JPO; DERWENT; 16:56
IBM_TDB
S12 {276 buffer with relay and US-PGPUB; USPAT; EPO; {OR ON 2013/09/28
St JPO; DERWENT; 17:01
IBM_TDB
S13 {33 S8 and S12 US-PGPUB; USPAT; EPO; {OR ON 2013/09/28
JPO; DERWENT; 17:02
IBM_TDB
S14 {9 S$13 and US-PGPUB; USPAT; EPO; {OR ON 2013/09/28
@ad<"20091217" JPO; DERWENT; 17:02
IBM_TDB
S15 {6 S$13 and US-PGPUB; USPAT; EPO; {OR ON 2013/09/28
@rlad<"20091217" JPO; DERWENT; 17:02
IBM_TDB
5186 {14 S14 S15 US-PGPUB; USPAT; EPO; #OR ON 2013/09/28
JPO; DERWENT; 17:02
IBM_TDB

2/9/2014 11:27:21 PM
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Best Available Copy '
PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if rcquircd{). Blocks 1 through 5 should be completed where
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current corrcspondence address as
indicated unlfss coryfgctcgl below or directed otherwisc in Block 1. by (a) specifying a new correspondence address; and/or (b) indicating a scparatc "FEE ADDRESS” for
maintenance fee notifications. .

Note: A certificate of mailing can only be used for domestic mailings of the

Fee(s) Transmittal. This certificate cannot be uscd for any other accompanying

A K:lpcrs. Each additional papcr, such as an assignment or formal drawing, must
%

2 ave its own certificate of mailing or transmission.
“Av ' s'zm‘ .i Certificate of Mailing or Transmission
- @ 1 hereby certify that this Fee(s) Transmittal is being deposited with the United
J Statcs Postal Service with sufficient postage for first class mail in an envelope

addressed to the Mail Stop ISSUE FEE address above, or being facsimile
transmitted to the USPTO (571) 273-2885, on the date indicated below.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Bloek | for uny change of address,

29683 7590 02/4872014
HARRINGTON & SMITH
4 RESEARCH DRIVE, Suite 202
SHELTON, CT 06484-6212

(Depositor's name)

Jessicar Capra

Ay Qo XN\ Gignsnre)}
&5 * \& 20 4 -\ (Date)

APPLICATION NO. [ FILING DATE FIRST NAMED INVENTOR ‘ ATTORNEY DOCKET NO. | CONFIRMATION NO. J
13/516,554 06/15/2012 Lci Du 863.0583.U1(US) 2025
TITLE OF INVENTION: REPORTING BUFFERING INFORMATION
85/21/2814 CCHAUZ2  @@88a889 581924 13516554
81 FC:1581 - 968.88 DA
| APPLN.TYPE ENTITY STATUS l ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE I DATE DUE |
nonprovisional UNDISCOUNTED $960 $0 so $960 05/19/2014
L EXAMINER I ART UNIT l CLASS-SUBCLASS |
HAN, CLEMENCE § 2414 370-315000
lc‘l‘CII{halln:;gc:’ofcorrcspondcncc address or indication of "IFce Address” (37 2. For printing on the patent front page, list . ' .
"() ) ‘ (1) The names of up to 3 registered patent attomeys | Harrington & Smith
[J Change of correspondence address (or Change of Correspondence or agents OR, alternatively,
Address form PTO/SB/122) antached. . . 2
- : (2) The name of a singlc firm (having as a membera =
XXX Fee Address” indication (or "Fee Address” Indication form registered attorncy or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attomneys or agents. [fnonameis 3
Number is required. listed, no name will be printed. i
3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or typc)

PLEASE NOTE: Unless an assignee is identificd below, no assignee data will appcar on the patent. If an assignee is identificd below, the document has been filed for
recordation as st forth in 37 CFR 3.11. Completion of this form is NOT a substitulc for filing an assignment,

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)
Nokia Siemens Networks Oy Espoo, Finland

Please check the appropriate assignee category or categories (will not be printed on the patent) : O individual X1 Corporation or other privaic group cntity [ Government

4a. The following fee(s) arc submitted: ) 4b. Payment of Fce(s): (Please first reapply any previously paid issue fee shown above)
X Xissue Fee O A check is enclosed.
)a(l’ubliculion Fee (No small entity discount permitted) O Payment by credit card. Form PTO-2038 is attached.
[ Advance Order - # of Copics (38 The Director is hereby authorized to charge the required feg(s), any deficiency, or credits any
overpayment, to Deposit Account Number - cnclose an cxira copy of this form).
5. Chunge in Entity Status (from status indicated above)
d Applicamt certifying micro enlity status. Sce 37 CFR 1.29 m Abscnt a valid certification of Micro Entity Status (sec forms PTO/SB/15A and 15B), issuc
cc payment in the micro entity amount will not be aceepted at the risk of application abandonment.
a Applicant asscrting small entity status. Sce 37 CFR 1.27 NOTE: If the application was previously under micro cntity status, checking this box will be taken
to be a notification of loss of entitlement to micro cntity status.
D Applicamt changing to regular undiscounted lce status. £: Checking this box will be taken to be a notification of loss of cntitlement o small or micro

cntity status, as applicable.

NOTE: This form mus! be signed in accogfynee with 37 CIFR 1.31 and 1.33. See 37 CFR 1.4 for sipnature requirements and centifications.

Authorized Signature /X Datc {// l // ‘(

Typed or printed name Robert Mauri Registration No. 41,180
3—A—p-1-0U
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
13/516,554 07/01/2014 8767614 863.0583.UL(US) 2025
29683 7590 06/11/2014
HARRINGTON & SMITH

4 RESEARCH DRIVE, Suite 202
SHELTON, CT 06484-6212

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment is 46 day(s). Any patent to issue from the above-identified application will
include an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information
Retrieval (PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the
Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee
payments should be directed to the Application Assistance Unit (AAU) of the Office of Data Management
(ODM) at (571)-272-4200.

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants):

Lei Du, Beijing, CHINA;
Zhuyan Zhao, Beijing, CHINA;
Min Huang, Beijing, CHINA;
Wei Hua Zhou, Beijing, CHINA;

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USA is the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.
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PTQAAIAEIA (02:15)
Sppraved for uge through RI/31/2018. OMB 0651-0035
U.5. Patent and deemark Oﬁ‘ice [N DEPARTMN:NT OF CRMMERCE

Under the Paperwork -
PATENT - POWER OF ATTORNEY :ji“;:t:m“’ _ 37723 62 1;; ,
OR | {0701
First Named Invent
REVOCATION OF POWER OF ATTORNEY 1w LeiDUetal
WITH A NEW POWER OF ATTORNEY | REPORTING BUFFERING
AND INFORMATION
\_ CHANGE OF CORRESPONDENCE ADDRESS  “Riomay bocier o

thereby revake all previous powers of attorney given in the abave~§dentrfzed patent.

. B ! hereby appoint Practitioner{s) assoctated with the Customer Rumber identifed i the box at fight as myfour )
1 attorney{s) or sgent(s) with respect to the patent identified above, and to transact afl business in the United 151091
States Patent and Trademark Office connected therewith;

{ hereby appeint Practitioner(s} named below as my/four attorney(s} or agent(s) with respect to the patentidentified above, and to fransact
all business in the United States Patent and Trademark Office connected therewith;

Practitioner{s] Mame Registration Number

Please recoguize or change the correspondence addrass Torthe abova-identified patent to:

Thesddress associated with the sbovesidentified Customer Nuniben
OR

The address assotiated with the Customer Numberidentified i the box at right:
OR

Fifm-ar
Eend [ndividiyal Name

Address

ity i State | | 2ip |
Cauntry
Telephong | Enail |

Pam the: &
Applicant; Fid
E:} "_»-'-} f(‘"

P oT

3 Patent owrner. <

L Statement under 37 CF) ag??ﬁ} Lgfw PTO!A:A/QE} submitted herewlth or fifed on
A Bt SIGNATURE of Applicant Of Patent Gwner

Signature NSE Date June 14, 2018

Name S{ﬁfdﬂ shanus ' Telephone |

Tie and Compeny_| President of WSQU Investments, LLC

NOTE: Signatures of alt the applicants or patent owners of the entire interast or their representative(s) are required. If more than one dgnature
is required, submit muitiple forms, check the box below, and identify the total nurmder of forms submitted fn the blank balow.

E:] Atotalof ____ farms are submitted.

‘This coltection of information is required by 37 CFR £.31, 1,32 and 1.33; The information is required to obtaln or retain 3 benefit by the public, which is to update
{and by the USPTG to pracess) the file of a ptent or teexamitiation procanding. Confidentisiity is govarned by 35 US,C. 122 and 37 CFR 1.14. This coliection is
wstimated to take 3 minutes o complete, including gathering, preparing, and submitting the completed application farm 1o the USATQ, Time wifl vary depending
upon the Individuat case. Any romments oo the amount of time yourrequire te complete this farm andfor suggestions for reducing this burden, should be sent te
the Chisf Information Offiver, U:S. Patent and Yrademark Office, U5, Departmant of Commerce, #.0. Box 1450; Alexandria; WA 22313-1850; CO-NQT SEND FEESDR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissionar for Patents, PO, Box 1450, Alexandria, VA 22313-1450,

If vou nred ussistance in completing e foom, coll 1-800-0T0-9198 and select aption 2,
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PTO/AIA/96 (08-12)

Approved for use through 01/31/2013. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c)
Applicant/Patent Owner: _ WSOU Investments, LLC

Application No./Patent No.: 8,767,614 Filed/Issue Date: 07-01-2014
Titted: _REPORTING BUFFERING INFORMATION
WSOU Investments, LLC ,a corporation
(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.)

states that, for the patent application/patent identified above, it is (choose one of options 1, 2, 3 or 4 below):
1. |X] The assignee of the entire right, title, and interest.

2. |:| An assignee of less than the entire right, title, and interest (check applicable box):

|_| The extent (by percentage) of its ownership interest is %. Additional Statement(s) by the owners
holding the balance of the interest must be submitted to account for 100% of the ownership interest.

|:] There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire
right, title and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

3. |:| The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made).
The other parties, including inventors, who together own the entire right, title, and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

4, |:| The recipient, via a court proceeding or the like (e.g., bankruptcy, probate), of an undivided interest in the entirety (a
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached.

The interest identified in option 1, 2 or 3 above (not option 4) is evidenced by either (choose one of options A or B below):

A. |:| An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in
the United States Patent and Trademark Office at Reel , Frame , or for which a copy
thereof is attached.

B. |Z] A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:

1. From: Inventors To: NOKIA SIEMENS NETWORKS OY
The document was recorded in the United States Patent and Trademark Office at
Reel _ 028587  Frame _ 0652 , or for which a copy thereof is attached.

2. From: NOKIA SIEMENS NETWORKS OY To: NOKIA SOLUTIONS AND NETWORKS OY
The document was recorded in the United States Patent and Trademark Office at
Reel _ 034294  Frame__ 0603 | or for which a copy thereof is attached.

[Page 1 of 2]
This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark
Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2.
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PTO/AIA/96 (08-12)

Approved for use through 01/31/2013. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c)

3. From: _ NOKIA TECHNOLOGIES OY To: WSOU INVESTMENTS, LLC
The document was recorded in the United States Patent and Trademark Office at
Reel _ 043953 | Frame__ 0822 | orfor which a copy thereof is attached.

4. From: To:
The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.
5. From: To:
The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.
6. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

|:| Additional documents in the chain of title are listed on a supplemental sheet(s).

@ As required by 37 CFR 3.73(c)(1){i), the documentary evidence of the chain of title from the original owner to the
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11.

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08]

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee.

o
3 .
o N

S et Raeeddnd June 29, 2018
Signature R s Daie
51,513
Sean D. Burdick IP Counsel for WSOU Investments, LLC
Printed or Typed Name Title or Registration Number

[Page 2 of 2]
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Electronic Acknowledgement Receipt

EFS ID: 33055842
Application Number: 13516554
International Application Number:
Confirmation Number: 2025

Title of Invention:

REPORTING BUFFERING INFORMATION

First Named Inventor/Applicant Name:

Lei Du

Customer Number:

29683

Filer:

Sean Dylan Burdick/Kris Pangan

Filer Authorized By:

Sean Dylan Burdick

Attorney Docket Number:

800.1748.U1(US)

Receipt Date: 29-JUN-2018
Filing Date: 15-JUN-2012
Time Stamp: 17:23:11

Application Type:

U.S. National Stage under 35 USC 371

Payment information:

Submitted with Payment no
File Listing:
Document Document Description File Name File Size( B){tes)/ Multl- 'Pages
Number Message Digest | Part/.zip| (ifappl.)
493326
1 Power of Attorney 13516554_POA_Patent.pdf no 1
cfc10be2e293d48d7419f7573686ae221e4

d696d
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Information:

214819
5 Assignee showing of ownership per 37 13516554_Statement.pdf o 2
CFR3.73
a06fc843b468c4fel0daffd4940e5cfcd043d|
28

Warnings:

Information:

Total Files Size (in bytes): 708145

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.

Page 277 of 284




UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.USPLO. g0V
| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
13/516,554 06/15/2012 Lei Du 800.1748.U1(US)

CONFIRMATION NO. 2025

29683 POWER OF ATTORNEY NOTICE

Harrington & Smith, Attorneys At Law, LLC

4 RESEARCH DRIVE, Suite 202 IR AP R

SHELTON, CT 06484-6212 000000100727512

Date Mailed: 07/05/2018

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 06/29/2018.

* The Power of Attorney to you in this application has been revoked by the assignee who has intervened as
provided by 37 CFR 3.71. Future correspondence will be mailed to the new address of record(37 CFR 1.33).

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/afessehaye/

page 1 of 1
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
13/516,554 06/15/2012 Lei Du 800.1748.U1(US)
CONFIRMATION NO. 2025
151091 POA ACCEPTANCE LETTER
WSOU Investments, LLC
11150 Santa Monica Blvd., Suite 1400 ORI AT e
00000010072762

Los Angeles, CA 90025
Date Mailed: 07/05/2018

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 06/29/2018.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/afessehaye/
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PTO/AIA/123 (08-12)
Approved for use through 03/31/2021. OMB 0651-0035
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

. equired fo respond {0 a colleciio er.
/ Patent Number 8767614 b\
CHANGE OF —

Issue Date

CORRESPONDENCE ADDRESS July 1,2014
Patent Application Number 13/516,554
Address to: Filing Date June 15, 2012

Mail Stop Post Issue First Named Inventor

Commissioner for Patents Lei Du
P.O. Box 1450
KAIexandria, VA 22313-1450 Attorney Docket 88336-US-PCT /
Number

Please change the Correspondence Address for the above-identified patent to:

D The address associated with Customer Number:

OR

Firm or
Individual Name

2600 East Southlake Blvd, Suite 120-324

Etheridge Law Group

Address

City Southlake State X 21p 76092
Country us

Telephone 817-470-7249 Email jim@ethridgelaw.com

This form cannot be used to change the data associated with a Customer Number. To change the data associated with an
existing Customer Number use "Request for Customer Number Data Change" (PTO/SB/124).

This form will not affect any "fee address" provided for the above-identified patent. To change a "fee address" use the "Fee
Address Indication Form" (PTO/SB/47).

| am the:

Patentee.

If the Patentee was not the applicant for patent (37 CFR 1.42), then a Statement under 37 CFR 3.73(c)
(Form PTO/AIA/96 or equivalent) is enclosed or was filed on . See 37 CFR 3.71.

v Attorney or agent of record. Registration Number 51513

Patent practitioner acting in a representative capacity whose correspondence address is the correspondence
address of record. Notice has been given to the patentee or owner. Registration Number 51513

/Sean D. Burdick/

Signature
Typed or
Printed Name

Sean D. Burdick

Date January 31, 2022 Telephone 208-327-8900

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications.
Submit multiple forms if more than one signature is required, see below*.

|:| *Total of forms are submitted.

This collection of information is required by 37 CFR 1.33. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO
to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 3 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on
the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Mail Stop Post Issue, Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0O-9199 and select option 2.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection
with your submission of the attached form related to a patent application or patent. Accordingly,
pursuant to the requirements of the Act, please be advised that: (1) the general authority for the
collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary;
and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark
Office is to process and/or examine your submission related to a patent application or patent. If you do
not furnish the requested information, the U.S. Patent and Trademark Office may not be able to
process and/or examine your submission, which may result in termination of proceedings or
abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the
Freedom of Information Act (6 U.S.C. 5§52) and the Privacy Act (6 U.S.C 552a). Records from
this system of records may be disclosed to the Department of Justice to determine whether
disclosure of these records is required by the Freedom of Information Act.

A record from this system of records may be disclosed, as a routine use, in the course of
presenting evidence to a court, magistrate, or administrative tribunal, including disclosures to
opposing counsel in the course of settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of
Congress submitting a request involving an individual, to whom the record pertains, when the
individual has requested assistance from the Member with respect to the subject matter of the
record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the
Agency having need for the information in order to perform a contract. Recipients of
information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in
this system of records may be disclosed, as a routine use, to the International Bureau of the
World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal
agency for purposes of National Security review (35 U.S.C. 181) and for review pursuant to
the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator,
General Services, or his/her designee, during an inspection of records conducted by GSA as
part of that agency’s responsibility to recommend improvements in records management
practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall
be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not
be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after
either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent
pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the public if the record was filed in an application which
became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspection or an
issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State,
or local law enforcement agency, if the USPTO becomes aware of a violation or potential
violation of law or regulation.
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Electronic Acknowledgement Receipt

EFS ID: 44884837
Application Number: 13516554
International Application Number:
Confirmation Number: 2025

Title of Invention:

REPORTING BUFFERING INFORMATION

First Named Inventor/Applicant Name:

Lei Du

Customer Number:

151091

Filer:

Sean Dylan Burdick/Mita Encarnacion

Filer Authorized By:

Sean Dylan Burdick

Attorney Docket Number:

800.1748.U1(US)

Receipt Date: 01-FEB-2022
Filing Date: 15-JUN-2012
Time Stamp: 00:16:59

Application Type:

U.S. National Stage under 35 USC 371

Payment information:

Submitted with Payment no
File Listing:
Document Document Description File Name File Slze(B)ftes)/ Ml.l":l. 'Pages
Number Message Digest | Part/.zip| (ifappl.)
246946
1 Change of Address 88336-US-PCT_aia0123.pdf no 2
ada35f491e0784361d24af808b466363714

d0566
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Information:

Total Files Size (in bytes): 246946

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Case §:22-0v-00136-A0A Document 3 Filed 02/08/22

AO 120 (Rev. DB/10)
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Mail Stop 8
Pirector of the 1.8, Patent and Trademark Office

P.0. Box 1450
Alexandria, VA 22313-1450

REPORT ON THE
FILING OR BETERMINATION OF AN
ACTION REGARDING A PATENT OR
TRADEMARK

In Compliance with 35 U.S.C. § 200 and/or 15 UB.C. § 1116 you are hereby advised that a couwrt action has been

filed in the U5, District Conrt

{71 Trademarks or

[ Parents.

for the Westlern District of Texas

on the following

{ [ the patent action involves 35 UL.S.C. § 292.):

DOCKET NG,

DATE FILED

U8 IHSTRICT COURT

Developmant

WEOU Investments, LLC dib/a Brazos Licensing and

§:22-cv-00138 21842032 for the Wastern District of Texas
PLAINTIFF DEFENDANT

ZTE Corporation

H{‘igi},&,‘?ﬁi}{\ o I;;‘\Tf{g:;;ﬁ;gg HOLDER OF PATENT OB TRADEMARK
1 8,767,614 74172014 WSOU Investments, LLC d/iv/a Brazos Licensing and Developgy
2
3
3
5

In the shove—entitied case, the following patent(sy trademark(s) bave been included:

DATE INCLUDED

INCLUDED RY
{71 Amendment

7 Answer 3 Cross Bill {1 Other Pleading

PATENT OR DATE DF PATENT T TR O P ATENT (R TRA AT
TRADEMARE NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK
;
2
3
4
5

In the above-—entitled case, the following decision has been rendered or judgement issued:

DECISION/IUDGEMENT

CLERK

(BY) EPUTY CLERK

DATE

Copy I—~Upsn initiation of sction, mail this copy to Director
Copy 2—Upen filing docwnent adding patent(s}, mail this copy to Director
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Copy 3—Upon termination of action, mail this copy to Director
Copy 4—Case file copy






