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Provisional Application

Title of Invention

Downlink data transmission for | ow-cost MTC UE

1. Purpose of Invention

The presentinventionproposesdownlink data transmission techniques for MTC UE with reduced PDSCH

2. Prior Arts

transmission BW for lost-cost characteristics.

Techniques, apparatus and systems described herein can be used invarious wireless access technologies suchas
code divisionmultiple access (CDMA), frequency division multiple access (FDMA), time division multiple access
(TDMA), orthogonal frequency division multiple access (OFDMA), single earnerfrequencydivision multiple access
(SC-FDMA), etc. The CDMA may be implemented witha radio technology suchas Universal Terrestrial Radio
Access (UTRA) or CDMA2000. The TDMA may be implemented with a radiotechnology such as Global System for
Mobile communications (GSM)/ General Packet Radio Service (GPRS)/ Enhanced Data Rates for GSM Evolution
(EDGE). The OFDMA may be implemented with a radio technology such as institute of electrical and electronics
engineers (IEEE) 802.11 (Wi-Fi), IEEE 802.16 (WiMAX), IEEE 802-20, evolved-UTRA (E-UTRA) etc. The UTRA s apart
of a universal mobile telecommunication system (UMTS). 3rd generation partnership project (3GPP) long term
evolution (LTE) is a partof an evolved-UMTS (E-UMTS) using the E-UTRA. The 3GPP LTE employs the OFDMA in
downlink andemploys the SC-FDMAin uplink [1]. LTE-advanced (LTE-A) is an evolution of the 3GPP LTE. For
clarity, this application focuses onthe 3GPP LTE/LTE-A. However, technical features of the present inventionare

not limited thereto.

LTE system architecture

Radio Frame
Slot |

#0 #1 #2 - #18 #19

Subframe
Figure 1. Structure of a radio frame of 3GPP LTE

In Figure 1, a radio frame includes 10 subframes. A subframe includes two slots in time domain. A time for
transmitting one subframe is defined as a transmission time interval (TTl). For example, one subframe may have a
length of 1 millisecond (ms), and one slot may have a length of 0.5 ms. One slot includes a plurality of orthogonal

frequency division multiplexing (OFDM) symbols in time domain. Since the 3GPP LTE uses the OFDMA in the

Copy provided by USPTO from the IFW Image Database on 06/25/2014
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downlink, the OFDM symbol is for representing one symbol period. The OFDM symbol may also be referred to as
an SC-FDMA symbol or a symbol period. A resource block (RB) is a resource allocation unit, and includes a
plurality of contiguous subcarriers in one slot The structure of the radio frame is shown for exemplary purposes
only. Thus, the number of subframes included in the radio frame or the number of slots included in the subframe

or the number of OFDM symbols included inthe slot may be modified in various manners.

One downlink slot

N,
JI{JFDMsymbals
P11 it
RN

Resource Hock

/ 12x7 resource elements

Resource slement

N* x 12 subcarriers

/

12 subcartiers

Figure 2. Resource grid for one downlink slot

In Figure 2, a downlink slot includes a plurality of OFDM symbolsintime domain. It is described herein thatone
downlink slot includes 7 OFDM symbols, and one resource block (RB) includes 12 subcarriers infrequency domain
as an example. However, the present invention is not limited thereto. Each elementon the resource grid is
referred toasaresource element (RE). One RB includes 12x7 REs. The number NDL of RBs includedin the

downlink slot depends on a downlinktransmitbandwidth. The structure of an uplink slot may be same as that of

the downlinkslot.

\\\'.

N
\
D
X
%

R0

N

Time

Figure 3. Structure of downlinksubframe

In Figure 3, a maximum of three OFDM symbols locatedin a front portion of a first slot within a subframe

correspondto a control region tobe assigned with a control channel. The remaining OFDM symbols correspond

Copy provided by USPTO from the IFW Image Database on 06/25/2014
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to a dataregionto beassigned witha physical downlink shared chancel (PDSCH), Examples of downlink control
channelsusedin the 3GPP LTE includes a physical control formatindicator channel (PCFICH), a physical downlink
control channel (PDCCH), a physical hybrid ARQindicator channel (PHICH), etc. The PCFICH is transmitted at a first
OFDM symbol of a subframe and carries information regarding the number of OFDM symbols used for
transmission of control channels within the subframe. The PHICH is a response of uplink transmissionand carries
an HARQ acknowledgment (ACK)/not-acknowledgment (NACK) signal. Control information transmitted through
the PDCCH isreferred to as downlink control information (DO). The DClincludes uplink or downlink scheduling

information or includes an uplink transmit (Tx) power control command for arbitrary UE groups.

The PDCCH may carrya transport format and a resource allocation of a downlink shared channel (DL-SCH),
resource allocation information of an uplinkshared channel (UL-SCH), paging information ona paging channel
(PCH), system informationon the DL-SCH, a resource allocation of an upper-layer control messagesuchasa
random access response transmitted on the PDSCH, a set of Tx power control commands onindividual UEs within
an arbitrary UE group, a Tx power control command, activation of a voice over IP (VolP), etc. A plurality of PDCCHs
can be transmitted withina control region. The UE can monitor the plurality of PDCCHs. The PDCCH is transmitted
on an aggregation of one or several consecutive control channel elements (CCEs). The CCE is alogical allocation
unit usedto provide the PDCCHwith a coding rate based ona state of a radiochannel. The CCE corresponds toa
plurality of resource element groups (REGs). A format of the PDCCH and the number of bits of the available
PDCCH are determined according to a correlation between the number of CCEs and the coding rate provided by
the CCEs. The BS determines a PDCCHformataccordingtoa DCl to be transmitted to the UE, andattaches a cyclic
redundancy check(CRC) to controlinformation. The CRC is masked with a unique identifier (referredto as a radio
network temporaryidentifier (RNTI)) according to an owner or usage of the PDCCH. If the PDCCH is for a specific
UE, a unique identifier (e.g., cell-RNU (C-RNTJ)) of the UE may be masked tothe CRC. Alternatively, if the PDCCH is
for a paging message, a paging indicator identifier (e.g, paging-RNTI (P-RNT1)) may be masked tothe CRC. If the
PDCCH is for system information (more specifically, a system information block (SIB) to be described below), a
systeminformationidentifier and a systeminformation RNTI (SI-RNT1) maybe masked to the CRC. To indicate a
random access response thatis a response for transmission of a random access preamble of the UE, arandom

access-RNTI(RA-RNTI) may be masked tothe CRC.

Control : i
Region

. LY

\\
H.E:tl:n i RE pair
- Dresiot _[ Oneslot

Freg _ Subrfmme

Tirme

Figure 4. Structure of uplink subframe
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In Figure 4, an uplink subframe can be divided in a frequency domain into a control region anda data region. The
control region is allocated with a physical uplink control channel (PUCCH) for carrying uplink control information.
The data region is allocated with a physical uplink shared channel (PUSCH) for carrying user data. To maintain a
single carrier property, one UE does not simultaneously transmit the PUCCH and the PUSCH. The PUCCH for one

UEis allocated toan RB pair ina subframe. RBs belonging to the RB pair occupy different subcarriers in respective

two slots. This is calledthatthe RB pairallocatedto the PUCCHis frequency-hopped ina slot boundary.

BS (base station) (10) UE (user equipment) (207
PROCESSOR RF UNIT PROCESSOR RF UNIT
(11) (13) {21) (23
o
MEMORY MEMORY
(12) (22)

Figure 5. System for implementing present invention

In Figure 5, a wireless communication system includes a BS 10and one or more UE 20. In downlink, a transmitter
may be a partofthe BS 10,anda receiver may be a part of the UE 20. In uplink,a transmitter may be a partofthe
UE 20, and a receivermay be a partofthe BS 10.ABS 10 may include a processor 11, amemory 12, and a radio
frequency (RF) unit 13.The processor 11 may be configured toimplement proposed procedures and/or methods
describedin this application. The memory 12is coupled with the processor 11and stores a variety of information
to operate the processor 11. The RF unit13is coupled with the processor11 andtransmits and/orreceives a
radio signal. AUE 20 may include a processor 21, amemory 22, and a RF unit 23. The processor 21 may be
configured to implement proposed procedures and/or methods described inthis application. The memory 22 is
coupled withthe processor 21 and stores a variety of information to operate the processor 21.The RF unit23 is
coupled withthe processor 21 and transmits and/or receives a radio signal. The BS 10and/orthe UE 20 may have
single antenna and multiple antennas. Whenatleastone of the BS 10andthe UE 20 has multiple antennas, the

wireless communication system may be called as multiple input multiple output (MIMO) system.

Component carrier aggregation in LTE-A

As the increased demands for the high data rate transmission, the mobile communication system composed of
aggregated multiple CCs (component carriers) is nowbeing researched. For example, Figure 6 (b) illustrates the
DL/UL subframe structure considered in 3GPP LTE-A (LTE Advanced) system where multiple CCs are aggregated
(in this example, 3 carriers exist), while Figure 6 (a) illustrates a single carrier operationasinconventional
systems. As shown inFigure 6 (b), a UE can monitorand receive DLsignal/data from multiple DL CCs at the same
time. However, even if a cellis managing N DL CCs, the network may configure a UE with M DL CCs where M<N so
that the UE's monitoring of the DLsignal/data is limited tothose M DL CCs. In addition, the network may
configure L DLCCs as the main DLCCs fromwhich the UE should monitor/receive DLsignal/data witha priority,

either UE-specifically or cell-specifically, where L<M<N.
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Figure 6. Subframe structure of 3GPP LTE Release-8 system and LTE-A system with CCaggregation

In a system supporting carrier aggregation, cells may be classified asshown in Figure 7 below.

A configured cell is a cell capable of carrier aggregationbased on a measurement report among cellsofa

L J

base station asshown in Figure 7 and is configured for each UE. The configured cell reserves,in advance, a

resource for ACK/NACK transmissionfor PDSCH transmission. An activated cellis a cell configuredto

actually transmit PDSCH/PUSCH among configured cells, and performs CSl report and SRS transmission for

PDSCH/PUSCH transmission. Ade-activated cell isa cellthat does not transmit PDSCH/PUSCH in response

toa command from a base station or a timer operation, and, in this cell, CSl report and SRS transmission

are stopped.

¢ Cell A
i
& o=

Figure 7. Configured cell, activated cell, de-activated cell

Synchronizationsignal (SS)in LTE-A FDD

Cell B Cell C Cell D

(' Peell (CI=0) Scell Scell
oGl Gl -

L

Scell Pcell {CI=0) Scell
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1
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a.

P-SS code

SSis a signal configured with P-SS and S-SS and used to perform a cell search.

Figures 7 (a) and (b) are diagrams illustrating frame structures for the transmission of SS in the case of a system
using basic CPandextended CP, respectively.SS is transmitted on the second slot of subframe 0 and subframe 5
in consideration of 4.6 msthat is a GSM frame length forfacilitating inter-RAT measurement, and the boundary
for a corresponding radio frame canbe detected through S-SS. P-SS is transmitted on the last OFDM symbol of a
corresponding slot, and S-SSis transmitted on the OFDM symbolimmediately before P-SS.SS may transmit 504
physical cell IDsin total through a combination of 3 P-SSsand 168 S-SSs. Furthermore, SS and PBCH are
transmitted within middle 6 RBs withina system bandwidth so as to be detected or decoded by a UE regardless of

a transmission bandwidth.

10ms radio frame
1 I LT T T T 7]
e I b . m““'*-n‘_““h‘ Pss
Juo00 oonoooocNanoDD ogooooEogEsr
s 0.5masict
(a) For basic CP
10ma radio frame B .
T [ [ I T T T
080 oooooEoNONND CoDooooge=ts
I re—— DY
(b) For extended CP

Figure7.Framestructures of SS transmission

A transmission diversity method of SS onlyuses a single antenna port,andis notseparately definedin a standard.
That s, a single antenna transmission method or a transmission method transparentto a UE (e.g., PVS, TDTD,

CDD) may be used.

A Zadoff-Chu (ZC) sequence having a length of 63 is defined in a frequencydomain and usedas a sequence of
P-SS. The ZC sequenceis defined by Equation (1),andthe sequence element n=31 correspondingtoa DC

subcarrier is punctured. Nzc=63 in Equation (1).

_J,Jnlr!lﬂ!
d (n)=e ~=

() o
9 remaining subcarriersinthe middle 6 RBs (=72 subcarriers) are always transmitted as a value of 0, and facilitate
the design of a filter for performing synchronization. In Equation (1), values of u=25,29,and 34 are used in order
to define 3 P-SSsintotal.
Here, since 29 and 34 have a conjugate symmetryrelationship, two correlations can be performed
simultaneously. Here, the conjugate symmetry representthe relationship of following Equation (2), and by using
this characteristic, a one-shotcorrelator for u=29 and 34 canbe implemented, and the overallamount of

calculation canbe reduced byabout33.3 %.

Copy provided by USPTO from the IFW Image Database on 06/25/2014

IPR2025-00138
Petitioner's Exhibit 1011
Page 000016



S-SS code

d, I:n:l={—l]'{dﬂx_,{n]}|', when Ng. is even number,
d.(») =[d,,:__' [n]).. when Ny, is odd nuntber. @

For a sequence used for S-SS, two m-sequences having a length of 31 are interleaved bonded and two sequences
are combined to transmit 168 cell group IDs. The m-sequence as the S-SS sequenceis robust ina frequency
selective environment, and may reduce the amount of calculation through fast m-sequence transformusing Fast
Hadamard Transform. Furthermore, configuring S-SS withtwo short codes has been proposed to reduce the
amount of calculation of a terminal. Figure 8 is a diagram showing that two sequences in a logical domain are
interleaved and mapped ina physical domain. When two m-sequences used forgenerating S-SS code are defined
as S1and S2, respectively, if S-SS of subframe 0 transmits a cell group ID with (S1, S2) two combinations, S-SS of
subframe5 is swappedand transmitted through (S2, S1), so that a 10 ms frame boundary canbe identified. Here,
the generation polynomial x5+x2+1 is used as S-SS code, and a total of 31 codes canbe generated through

different circularshifts.

63 subcarriers

DC subearrier (no signal)

SIMINBKD  SIRHSIRVSIAN SUM S SAD  SAM SASAI)

-
314ength 31-length

Figure 8. S-SS code generation method

In order to improve the performance of reception, two different P-SS-based sequences are defined and scrambled
into S-SS, wherein twodifferent sequences are scrambled into S1and S2. Thereafter, S1-based scrambling code is
defined, andscrambling is performed onS2.Here, the code of S-SSis swappedin units of 5 ms, but P-SS based
scrambling code is notswapped. The P-SS-based scrambling code is defined as a 6-circular shift version basedon a
P-SSindex in the m-sequence generated fromthe generation polynomial x>+x3+1. The S1-based scrambling code
is defined as an 8-circular shift version based on the indexof S1 in the m-sequence fromthe polynomial x5 +x* +x2

+x1+1.

Referencesignal (RS)in LTE-A

In general, data can suffer from easily through wireless channel (so called frequency selective channel. So
referencesignalthatalready knownto both Tx and Rx should be transmitted with datainformationatthe same
time for channel estimation. There are two kinds of roles which RS should do: demodulation and channel
measurement. Depending on the knowledge of the existence of RS, RS can be dassifiedinto a dedicated RS (DRS)
and a commonRS (CRS). Thatis to say, the DRS is known tospecific UE and the CRSis knownto all UEs. Wecalla
RS for CQI/PMI/RI reporting channel quality indicator CRS (CSI-RS). The DRS can be calledas UE-specific RS.
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Figures 9 and 10 show the RS structure of both normal CP case and extended CP case, respectively for 3GPP LTE

alzla
system which supports upto four number of antenna. Here, n.. . mean cell specificcommon

RS to be transmitted for channel measurementand data demodulation commonly for each antenna port 0-3. In

addition, UE-specificRS, -.issupportedfor single-antenna port transmission of PDSCH. The UE isinformed by
higher layers whetherthe UE-specificRS is present ornot andis a valid when only corresponding PDSCH is

mapped. The UE specific RSis just transmittedin resource elements if data demodulation is needed.

On the other hand, RS mapping rules into resource blockare following as Equation 1.

[Equation 1]
CRS
k=5m+{V+"ndﬁde5 0 if p=0andi=0
_ ﬂ,N.]:Lmh—S ifpe{{},]} 3 if p=0andi=0
I= : 3 if p=land/=0
1 if pe{2,3} v :

- 0 if p=land/=0
M‘:ﬂ;ly-.-,z-Nm —1 3(}!,1]]!](12) ’TFEE
m'=m+ Npg-Pt — NI 3+3(n, mod2) if p=3

VM=N§"modﬁ
DRS
Mormal CP Externd CP
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k=(kDmod NI + N™ . p0

e {--m+-.ﬂ,Iiﬁ if 1 € {2,3}

4m+(2 + v, ) modd  if ] & {5,6) k= (k" Ymod N + N - 1y

3 I'=0 b= Im . ifi=4
o8 =1 T Bm24 v, )mod3 =1

2 I'=2 = 4 I'e{0,2}

5 I'=3 T or=1
i!"=<[ﬂ’l if m,mod2=20 , |0 Hnmod2Z=0

23 fa,modl=] 12 fnmod2=1
m'=0,),... AN " —1 m'= 0,1, 4N
Vaia = N5 mod3

Ngg 7 N

Here, kand P meansubcarrierindexand antenna port. And ' f allocated for DL, slot index,

cell ID. Note that given RS positioning depends on V-shift values in terms of frequency domain.

Referencesignal (RS)in LTE-A

The SRS, which are notassociated with uplink data and/orcontrol transmission, are primarily used for channel
gualityestimationto enable frequency-selective scheduling onthe uplink. However, they can be usedfor other
purposes such as to enhance power control or tosupportvarious start-up functions for UEs notrecently
scheduled. Some examples include initial Modulation and Coding Scheme (MCS) selection, initial power control
for data transmissions, timing advance, and so-called frequency semi-selective scheduling in which the frequency
resourceis assigned selectively for the firstslot of a subframe and hops pseudorandomly to a different frequency
inthe second slot. Inaddition, SRS can be used for downlink channel quality estimation underthe assumption
that the wireless channel is reciprocal betweenthe uplink and downlink. This assumption is especially valid ina
time division duplex (TDD) system where the uplink and downlink share the same frequencyspectrum andare

separatedin timedomain.

The subframesinwhich SRS are transmitted by any UE within the cell areindicated by cell-specific broadcast
signalling. A 4-bit cell-specific 'srsSubframeConfiguration' parameter indicates 15 possible sets of subframesin
which SRS maybe transmitted within each radio frame. This configurability provides flexibility in adjusting the SRS
overhead depending on the deploymentscenario. A 16th configuration switches the SRS off completely in the
cell, whichmay for example be appropriate for a cell serving primarily high-speed UEs. The SRS transmissions are
alwaysin the last SC-FDMA symbolin the configured subframes, as shownin Figure 11. Thus the SRS and DM RS
are located in different SC-FDMA symbols. PUSCH data transmission is not permitted on the SC-FDMA symbol

designated for SRS, resulting in a worst-case sounding overhead (with an SRS symbolin every subframe) of ~7%.

[:um [2]o#2 [aiems H;g“ o cows [l uess Bl Hm [a; e [es H.m‘: “Hmflg;‘l.nmhlma_

Figure 11. Uplink subframe configuration with SRS symbol
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Each SRS symbol is generated bybasis sequences (random sequence or ZC-based sequence set) where for a given
time instance and bandwidth allthe UEs ina cell use a same basis sequence while SRS transmissions from
multiple UEsin asame time and band ina cell are distinguished orthogonally by different cyclicshifts of the basis
sequence assigned to different UEs UE. SRS sequences from different cells can be distinguished by assigning
different basis sequences in different cells where orthogonalityis notguaranteed between different basis

sequences.

CoMP (coordinated multiple pointtransmission and reception)

In order to reach the requirement of LTE-advanced, coordinated multipoint (COMP) transmission (it is usually
renamed as co-MIMO, collaborative MIMO, network MIMO, etc.) has been proposedso far for system
performance enhancement. CoMPis expected to increase cell-edge UE performance and enhance average sector
throughput. In general, inter-cellinterference (1Q) reduces cell-edge UE performance and average sector
throughput under multi-cell environment with frequency reuse factor 1. To mitigate ICl, the simple passive
technique (i.e., fractional frequencyreuse (FFR) with UE specific power control) was employedin LTE system in
order to provide reasonable throughput performance for the cell-edge UEs inthe interference-limited
environment. Instead of reducing frequency resource usage per cell, it is more beneficial toreuse IClas a desired

signal ormitigate the I1Cl.
For downlink case, CoMP schemes can be categorized as follows:
Joint Processing (JP): datais available at each point in COMP cooperating set

Joint Transmission: PDSCH is transmitted from multiple points (part of or entire COMP cooperating set) ata time.
Data to asingle UEis simultaneously transmitted from multiple transmission points, e.g., to (coherently or

non-coherently) improve the received signal quality and/or cancel actively interference for other UEs
Dynamiccellselection: PDSCHis transmitted fromone point ata time (within CoOMP cooperating set)

Dynamiccell selection withmuting: PDSCH is transmitted from one point and some points within CoMP
cooperating setdo nottransmit any data and control signal onthe resource elements where PDSCH s

transmitted.

Coordinated Scheduling/Beamforming (CS/CB): Datais only available at serving cell (data transmission from that
point) but userscheduling/beamforming decisions are made with coordinationamong cells corresponding to the
CoMP cooperating set.

For uplink case, coordinated multi-point reception implies reception of the transmitted signal at coordination
among multiple, geographically separated points and CoMP schemes can be categorized as follows:

Joint reception (JR): Transmitted signal of PUSCH is received at multiple reception points.

Coordinated Scheduling/Beamforming (CS/CB): PUSCH is received only at a one pointbutuser
scheduling/beamforming decisions are made with coordinationamong cells corresponding tothe CoMP

cooperating set.

Downlink channelstate information (CSI) feedback

In the current LTE standard, there are two MIMO transmission schemes, i.e., open-loop MIMO operated without

channelinformation and closed-loop MIMO. In the closed-loop MIMO, each of transmission/reception ends
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performs beamforming based onchannel information, i.e., CSI, in orderto obtain multiplexing gain of MIMO
antennas. Inorder toobtain CSI, a base station allocates a Physical Uplink Control CHannel (PUCCH) or Physical

Uplink Shared CHannel (PUSCH) to the UE and instructs the UE to feed back downlink CSI.

CSlis classified into three types of information: Rank Indicator (RI), Precoding Matrix Index (PMI), and Channel
Quality Indication (CQI). Rlindicates rank information of a channel, and represents the number of streams that
the UE receives via the same time-frequency resource. This value is determined to be dominant through long
terms fading of a channel,and is thus fed back to the base station at a longer cycle thanthatof PMl and CQl
values. Second, PMl is a value reflecting a spatial characteristicofa channel andindicates a precoding index of the
base station preferred by the UE based on metrics such as SINR. CQl is a value indicating the strength of a channel

and indicates a reception SINRthat can be obtained when the base station uses PMI.

In an advanced communication system such as LTE-A, obtaining additional multi-user diversity using multi-user
MIMO (MU-MIMO) is added. To this end, higher accuracy is required from the perspective of feedback. Thisis
becausesince an interference channelis present between UEs multiplexed in anantenna domainin MU-MIMO,
the feedback channel accuracy significantly affects interference with not onlythe UE that has provided feedback
but alsoanother UE multiplexed. Therefore, for LTE-A, it has been determinedto separately design a final PMI as
two types:long-term and/or wideband PMl, i.e., W1;andshort-termand/orsub-band PMlI, i.e., W2.

As an example of hierarchical codebook transformation that configures one final PMI fromtwo pieces of channel

information, thereis codebook transformation using a long-term covariance matrix of a channelas below.

W = norm(WIW2)(1)

In the above equation, W2 (=shortterm PMI) is a codeword of a codebook reflecting short-term channel
information, W is a codeword of a final codebook, and norm(A) is a matrix obtained by normalizing each column

of matrixAto 1.

Specific structures of existing W1 and W2 are as below.

(Equation 0)

X o0

WI(i)=
<, whereX, is Nt/2 by M matrix.
r oolemes
e, e, €

W2() =

o el e ye"
o fj:' u Vi (if rank=r), wherel <k, [, m<Mandk, |, mare

integer.

The codewords are designed so as toreflect correlation characteristics of a channel when cross-polarized
antennas are usedand densely arranged (when the distance between adjacentantennasis equal to orlessthan
halfa signal wavelength). The cross-polarized antennas may be classified intoa horizontal antenna group and a
vertical antenna group, whereinthe twoantenna groups are co-located and each have characteristics of a
uniform linear array (ULA) antenna. Therefore, the correlations between antennas in each group have the same
linear phase increment characteristic and the correlation between the antenna groupsis characterized by phase
rotation. Since a codebookis quantized values of channels, itis necessary to designa codebook reflecting channel
characteristics corresponding to a source. For convenience of description, inthe case of rank 1 codeword

designed as the above structure, for example, it may be confirmed thatsuch channel characteristics are reflected
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in a codewordsatisfying Equation0.

X, (k)

WI(E)*W2(j) = a X (k)

In the above equation, a codeword is expressed as a vector of Nt (the number of Tx antennas) by 1, and
composed of anuppervector Xi(k) and a lower vector a;Xi(k) representing the correlation characteristics of the
horizontal antenna group and vertical antenna group, respectively. It is preferable that Xi(k) is expressed as a
vector having the linear phase increment characteristic reflecting the correlation characteristics between
antennasineachantenna group, and for a representative example, a DFT matrixcan be used.

Furthermore, higher channel accuracy is necessary for CoMP. In the case of COMP JT, several base stations
cooperatively transmit the same data toa specific UE. Therefore,the CoMPJT may be theoretically consideredas
a MIMO systemin which antennas are geographically distributed. That is, alsoin the case of performing
MU-MIMO in JT, channel accuracy of a highlevelis required in orderto avoid interference between co-scheduled
UE. Also in the case of COMP CB, accurate channelinformation is necessary to avoidinterference of a neighbor

cell witha serving cell.

Restricted RLM and RRM/CSI measurement

As one interference coordination method, there is atime domain inter-cellinterference coordination inwhichan
aggressor cell uses a silent subframe (may also be referredto as an almost blanksubframe (ABS)) for reducing the
transmission power/activity of some physical channels (including an operation of setting to zero power)and a
victim cell schedules a UE considering the above. Inthis case, fromthe standpoint of a victimcell UE, an
interferencelevelis significantly varies depending on a subframe. In this situation, in order to performa radio
resource management (RRM) operation of measuring more accurate radio link monitoring (RLM) or RSRP/RSRQ in
each subframe or tomeasure channel state information (CSI) for link adaptation, the monitoring/measurementis
requiredto berestrictedto sets of subframes having a uniform interference characteristic. Inthe 3GPP LTE

system, restricted RLM and RRM/CSI measurement have been defined as below.

UE procedure for reporting Channel State Information (CSI)

The time and frequency resources that can be used by the UE to report CSIwhich consists of channel quality
indicator (CQl), precoding matrixindicator (PMl), precoding type indicator (PTl), and/or rank indication (RI) are

controlled by the eNB. For spatial multiplexing, as given in[3], the UE shall determine a Rl corresponding to the

number of useful transmission layers. For transmit diversity as given in [3], Rl is equal toone.

A UEin transmissionmode 8 or 9 is configured with or without PMI/RI reporting bythe higher layer parameter
pmi-RI-Report

A UEis configured with resource-restricted CSI measurements if the subframe sets Ccsip and Ccs;,1 are configured
by higher layers.

CSl reportingis periodic oraperiodic.

Ifthe UEis configured with more thanone serving cell, it transmits CSl for activated serving cell(s) only.

Ifa UEis not configured for simultaneous PUSCH and PUCCH transmission, it shall transmit periodic CSl reporting
on PUCCH as defined hereafter insubframes with noPUSCH allocation.

Ifa UEis not configured for simultaneous PUSCH and PUCCH transmission, it shall transmit periodic CSI reporting
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on PUSCH of the serving cell with smallest ServCelllndexas defined hereafter in subframes witha PUSCH

allocation, where the UE shall use the same PUCCH-based periodic CSI reporting format on PUSCH.

A UE shall transmit aperiodic CSI reporting on PUSCH if the conditions specified hereafter are met. For aperiodic

CQlI/PMI reporting, Rl reporting is transmitted only if the configured CSI feedback type supports Rlreporting.

AperiodicCSl reporting using PUSCH

A UE shall perform aperiodic CSI reporting using the PUSCH in subframe n+k on serving cell ¢, upon decoding in

subframen either:
- an uplink DCI format, or
- a Random Access Response Grant,

for serving cell c if the respective CSlrequest fieldis set totriggera report andis notreserved. If the CSl request
fieldis 1 bit [4], areport is triggered for serving cell c ifthe CSI requestfield issetto '1'". If the CSI requestfield size
is 2 bits [4],a report is triggered according to the valuein Table 7.2.1-1A corres ponding to aperiodic CSl reporting.

A UEis not expected toreceive more than one aperiodic CSl report request for a given subframe.

Table 7.2.1-1A: CSI Request field for PDCCH with uplink DCI format in UE specificsearch space

Value of CSl request field Description
‘00’ No aperiodicCSl report is triggered
‘01’ AperiodicCSl report is triggered for serving cell ¢

10’ AperiodicCSl report is triggered for a 1stset of serving cells
configured by higherlayers

AperiodicCSl report is triggered for a 2"dset of serving cells
11’
configured by higherlayers

PDCCH assignment procedurein LTE-A

The controlregion of each serving cell (i.e., CC) consists of a set of CCEs, numbered from 0 to Ncce«x—1, where
Nece k. is the total numberof CCEs in the control region of subframe k. The UE shall monitora setof PDCCH
candidates onone or more activated serving cells as configured by higher layersignaling for controlinformation
in every non-DRX subframe, where monitoring implies attempting to decode each of the PDCCHs inthe set

according to all the monitored DClformats.

(L)
The set of PDCCH candidates to monitorare definedin terms of search spaces, where asearch space “ &  at

aggregationlevelL € {1,2,4,8}is defined by a set of PDCCH candidates. For each serving cell on which PDCCH is

(A
monitored, the CCEs corresponding to PDCCH candidate m of the search space “ % aregiven by

L {(% +m"ymod | Nogpx /L] J+ i

where Yiis defined below, i =0, -, L—1. For the common search space m'=m . For the UE specific search space,
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for the serving cell onwhich PDCCH is monitored, if the monitoring UE is configured with carrier indicator field

then m'=m +M) :nc; where ngisthe carrier indicator field value, else if the monitoring UE is not configured with

carrierindicatorfield thenm'=m, wherem =0, -, M) =1, M is the number of PDCCH candidates tomonitor in

the given search space.

The UE shall monitor one commonsearch space ateach of the aggregation levels 4 and 8 on the primary cell (i.e.,
PCC). AUE not configured witha carrier indicator field shall monitor one UE-specific search space at each of the
aggregationlevels 1, 2, 4,8 on each activated serving cell. A UE configured with a carrier indicator field shall
monitor one or more UE-specific search spaces at each of the aggregationlevels 1, 2, 4, 8on one or more
activated serving cells as configured by higher layer signaling. The common and UE-specific search spaces onthe

primary cell may overlap.

A UE configured with the carrier indicator field associated with monitoring PDCCH on serving cell ¢ shall monitor
PDCCH configured with carrierindicator field and with CRCscrambled by C-RNTI in the UE specific search space of
serving cell c. AUE configured with the carrier indicator field associated with monitoring PDCCH on the primary

cell shall monitor PDCCH configured with carrier indicator field and with CRC scrambled by SPS C-RNTI in the UE

specificsearch space of the primary cell.

The UE shall monitor the commonsearch space for PDCCH without carrier indicator field. For the serving cellon
which PDCCH is monitored, if the UE is not configured with a carrierindicator field, it shall monitor the UE specific
searchspace for PDCCH without carrier indicator field, if the UE is configured with a carrier indicator fieldit shall

monitor the UE specific search space for PDCCH with carrier indicator field.

A UEis not expected tomonitor the PDCCH of a secondarycell (i.e., SCC) if it is configured to monitor PDCCH with
carrierindicatorfield corresponding to thatsecondary cellinanother serving cell. For the serving cell on which

PDCCH is monitored, the UE shall monitor PDCCH candidates atleast for the same serving cell.

A UE configured with carrier indicator field for a givenserving cell and configured to monitor PDCCH candidates

with CRC scrambled by C-RNTIwith a common payload size and with the same first CCEindex ncin the
- common search space
- UE specific searchspace

may assume that only the PDCCH inthe common searchspaceis transmitted by the primary cell.

A UE configuredto monitor PDCCH candidates ina given serving cell witha given DCI format size with CIF,and
CRC scrambledby C-RNTI where the PDCCH candidates may have one or more possible values of CIF forthe given
DCl format size, shall assume that a PDCCH candidate withthe given DCI format size may be transmitted inthe
given serving cell in any UE specific search space corresponding to any of the possible values of CIF for the given

DCl format size.

The aggregation levels defining the search spaces arelistedin Table 12. The DClformats that the UE shall monitor

depend onthe configured transmission mode per each serving cell.

For the common search spaces, Yis setto O for the two aggregationlevels L =4 and L =8. For the UE-specific
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(L)
searchspace Sk ataggregationlevel L, the variable Y is defined by
Y«=(A - Yiz)mod D

where Y. =ngvn 20, A=39827, D =65537 and k = |ns/2], ns is the slot number withina radio frame. The RNTI

value usedfor ngpis defined in[3] asa kind of UE's ID.

Table 12: PDCCH candidates monitored by a UE

Number of PDCCH
s§” )
Search space candidates M™
Type Aggregation level L Size [in CCSs]

1 6 6

UE-specific 2 12 s
pecin 2 8 2

8 16 2

Common 4 16 4
8 16 2

ACK/NACK transmission for LTE-A

Inan LTE-Asystem, it is considered to transmit, througha specific UL CC, a plurality of ACK/NACK
information/signals for a plurality of PDSCHs transmitted through a plurality of DLCCs. To this end, unlike
ACK/NACK transmission using PUCCH format 1a/1b inlegacy Rel-8 LTE, it maybe considered that the plurality of
pieces of ACK/NACK informationare channel-coded (e.g., Reed-Muller code, Tail-biting convolutional code, etc.)
and the plurality of pieces of ACK/NACK information/signals are transmitted using PUCCH format 2 ora new
PUCCH format (i.e., E-PUCCH format) of a modified type based on Block-spreading.

- Block-spreading

A block-spreading scheme modulates control information/signal (e.g., ACK/NACK, etc.) for transmission using an
SC-FDMA scheme unlike PUCCHformat 1 or 2 series of legacy LTE. In this scheme, a symbolsequence is
time-domain spread byan orthogonal cover code (OCC) asillustratedin Figure 10, and, in this case, various
control signals of multiple UEs may be multiplexed to the same RB using the OCC. In above PUCCHformat 2, one
symbol sequence is transmittedin the time domain and UE multiplexing is performed using a cyclic shift (i.e., CCS)
of a CAZAC sequence, whereas, in a block-spreading based E-PUCCH format, one symbol sequence is transmitted
in the frequency domain and UE multiplexing is performed using OCC based time-domain spreading. Asan
example,asillustratedin Figure 10, one symbolsequenceis transmitted by generating five SC-FDMA symbols
using a length-5 (SF=5) OCC. Although a total of two RS symbols are used during one slotin the example of the
figure, a varietyof applications, such asa scheme using three RS symbols and an OCC of SF=4, may be considered.
Here, the RS symbols may be generated froma CAZAC sequence having a specific cyclic shiftand may be

transmitted ina form of applying (multiplying) a specific OCC to a plurality of RS symbols in the time domain.

Copy provided by USPTO from the IFW Image Database on 06/25/2014

IPR2025-00138
Petitioner's Exhibit 1011
Page 000025



Block—spreading
codae (OCC)

| Symbol sequence ={d1.d2,..} |

-+ 1 Slot >

Figure 10. Block-spreading E-PUCCH format (i.e., PUCCH format 3)

For convenience of description, such a channel coding based scheme for transmitting a plurality of ACK/NACKs
using PUCCHformat 2 or E-PUCCH formatis referredto as a “multi-bit ACK/NACK coding” transmission method.
In this method, an ACK/NACK coded block generated by channel-coding ACK/NACK or DTX information (indicating
that a PDCCH cannot be received/detected) for a PDSCH of multiple DLCCs is transmitted. For example, if the
terminal receives two codewords (CWs) by operating inanSU-MIMO mode ona certain DL CC, the terminal may
transmit a total of four feedback states of ACK/ACK, ACK/NACK, NACK/ACK, and NACK/NACK per CW on the CC or
may have upto five feedback states including DTX. If the terminal receives a single CW, the terminal may have up
to three states of ACK, NACK, and DTX (if NACK and DTX are identically processed, the terminal may have a total
of two states of ACK and NACK/DTX). Therefore, if the terminal aggregates up tofive DL CCs and operatesinan
SU-MIMO mode on all CCs, the terminal may have up to 5° transmittable feedback states and an ACK/NACK
payloadsize for representing these statesis a total of 12 bits (if DTX and NACK are identically processed, the

number of feedback states is 45 and the ACK/NACK payload size for representing these states is a total of 10 bits).

The above ACK/NACK multiplexing (i.e., ACK/NACK selection) method appliedin alegacy Rel-8 TDD system
basically considers an implicit ACK/NACK selection scheme which uses an implicit PUCCH resource corresponding
to a PDCCH for scheduling each PDSCH of a corresponding UE (i.e., whichis linked with a lowest CCE index) in

order to securea PUCCH resource of each UE.

Meanwhile, an LTE-A FDD system basically considers transmission of a plurality of ACK/NACKs for multiple PDSCHs
transmitted on a plurality of DL CCs through one particular UE-specifically configured UL CC. To this end, an
“ACK/NACK selection” schemeis considered in which animplicit PUCCH resource linked witha PDCCH for
scheduling a specificDL CCor partial or all DL CCs (i.e., linked with a lowest CCE index nCCE or linked with nCCE
and nCCE+1) is used ora combination of the implicit PUCCH resource and an explicit PUCCH resource

prescheduled for each UE through RRCsignal is used.

Meanwhile, a situation inwhich a plurality of CCs are aggregated (CA) may be consideredalsoin an LTE-FATDD
system. Accordingly, it is considered thata plurality of ACK/NACK information/signals for a plurality of PDSCHs
transmitted through a plurality of DLsubframes and a plurality of CCs are transmitted througha specificCC (i.e.,
A/N CC)in UL subframes corresponding tothe plural of DL subframes. In this case, as opposed to LTE-AFDD, a
scheme (i.e., full ACK/NACK) may be consideredin which a plurality of ACK/NACKs corresponding to the maximum
number of CWs which can be transmitted on all CCs allocated to the UE are transmitted inall of a plurality of DL
subframes (i.e., SF), or, a scheme (i.e., bundled ACK/NACK) may be considered in which the number of ACK/NACKs
for transmission is reduced by applying ACK/NACK bundling with respect toa CWand/or CC and/or SF domain.
(Here, CW bundling represents that ACK/NACK bundling for a CW per CCis applied toeach DLSF, and CC bundling
represents that ACK/NACK bundling for all or partial CCs is applied to each DLSF, and, in addition, SF bundling
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represents that ACK/NACK bundling for all or partial DLSFs is appliedto each CC. In particular,as the SF bundling
method, an “ACK-counter” scheme indicating the total number of ACKs (or a partial numberof ACKs) per CCwith
respectto all PDSCHs or DL grant PDCCHs received on each of CCs maybe considered. Here, a “multi-bit
ACK/NACK coding” or “ACK/NACK selection” based ACK/NACK transmission scheme may be configurably applied
according to an ACK/NACK payload per UE, i.e.,an ACK/NACK payloadsize for full or bundled ACK/NACK

transmission configured per UE.

UE procedure for determining PUCCH assignment in LTE-A

For TDD and a UE that does not support aggregating more than one serving cell, two HARQ-ACK feedbackmodes

are supported by higher layer configuration.
- HARQ-ACK bundling and
- HARQ-ACK multiplexing

For TDD UL-DL configuration5 and a UE that does not support aggregating more than one serving cell, only
HARQ-ACK bundlingis supported.

For TDD, a UE that supports aggregating more than one serving cellis configured by higher layers touse either
PUCCH format 1b with channel selection or PUCCH format 3 for transmission of HARQ-ACK when configured with

more thanoneserving cell.

For TDD, a UE that supports aggregating more than one serving cellis configured by higher layers touse
HARQ-ACK bundling, PUCCH format 1bwith channel selection according tothe set of Tables 13-1/2/3 or
accordingto theset of Tables 14-1/2/3, or PUCCH format 3 for transmission of HARQ-ACK when configured with
one serving cell.

PUCCH format 1b with channel selection according to the setof Tables 13-1/2/3 or according to the set of Tables
14-1/2/3 isnot supported for TDD UL-DL configuration 5.

TDD HARQ-ACK bundling is performed per codeword across M multiple DL subframes associated with a single UL
subframen, where Misthe numberofelementsin theset K definedin Table 12, by a logical AND operationofall
the individual PDSCH transmission (with and without corresponding PDCCH) HARQ-ACKs and ACK inresponse to
PDCCH indicating downlink SPS release. Forone configured serving cellthe bundled 1 or 2 HARQ-ACK bits are

transmitted using PUCCH format 1a or PUCCHformat 1b, respectively.

For TDD HARQ-ACK multiplexing and a subframe n withM>1, where Mis the number of elements in the setK
defined inTable 12, spatial HARQ-ACK bundling across multiple codewords withina DLsubframe is performed by
a logical AND operation of allthe corres ponding individual HARQ-ACKs. PUCCH format 1b with channel selection
is used in case of one configured serving cell. For TDD HARQ-ACK multiplexing and a subframe n withM=1,
spatial HARQ-ACK bundling across multiple codewords within a DL subframeis not performed, 1 or2 HARQ-ACK

bits are transmitted using PUCCH format 1a or PUCCH format 1b, respectively for one configured serving cell.

In the case of TDDand more than one configured serving cell with PUCCH format 1b with channel selection and

more than4 HARQ-ACK bits for M multiple DL subframes associated with a single UL subframe n, where M is the

number of elementsintheset K defined inTable 12 andfor the configured serving cells, spatial HARQ-ACK

bundling across multiple codewords withina DLsubframe for all configured cells is performed and the bundled
HARQ-ACK bits for each configuredserving cell is transmitted using PUCCH format 1b with channel selection. For
TDD and morethan one configured serving cell with PUCCH format 1b with channel selection andup to 4

HARQ-ACK bits for M multiple DL subframes associated with a single UL subframe n, where M is the number of
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elementsin theset K defined inTable 12 and for the configured serving cells, HARQ-ACK bundling is not

performedandthe HARQ-ACK bits are transmitted using PUCCH format 1b with channel selection.

In the case of TDDand more than one configured serving cell with PUCCH format 3 and more than 20 HARQ-ACK

bits for M multiple DL subframes associated with a single ULsubframe n, where M is the numberof elementsin

the set K definedin Table 12 and for the configured serving cells, spatial HARQ-ACK bundling across multiple

codewords withina DLsubframe is performed foreachserving cell by a logical AND operation of all of the
corresponding individual HARQ-ACKs and PUCCH format 3 is used. For TDD and more than one configured serving
cell with PUCCH format 3 and up to 20 HARQ-ACK bits for M multiple DL subframes associated with a single UL

subframe n, where Misthe numberofelementsin theset K definedin Table 12 andfor the configured serving

cells, spatial HARQ-ACK bundling is not performedand the HARQ-ACK bits are transmitted using PUCCH format 3.
For TDD with PUCCH format 3, a UE shall determine the number of HARQ-ACK bits, 0, associated withan UL
subframe n based on the number of configured serving cells, the downlinktransmission modes configured for

each serving cell and Mwhichisthe number of elementsin the set K definedin Table 12 according to

0=3 0t

GACK
el where Cisthe number of configured cells,and ™~ &

isthe numberof HARQ-bits for the for
the c-th serving cell.
TDD HARQ-ACK feedback procedures for one configured serving cell are givenin section2-7-1and procedures for

more thanone configuredserving cell are given in section 2-7-2.
TDD HARQ-ACK procedure for one configured serving cell

HARQ-ACK transmission ontwoantenna ports (p € [po, P1]) is supported for PUCCH format 1a/1bwith TDD
HARQ-ACK bundling feedback mode and for PUCCH format 3.

The TDD HARQ-ACK procedure for a UE configured with PUCCH format 3isas described in section 2-7-2-2 when
the UE receives PDSCHand/or SPS release PDCCH only onthe primarycell.

For TDD HARQ-ACK bundling or TDD HARQ-ACK multiplexing for one configured serving cell and a subframen with
M=1where Mis the numberofelementsin theset K defined inTable 12, the UE shall use PUCCH resource

)
P for transmission of HARQ-ACK in subframe n on antenna port p for PUCCH format 1a/1b, where
Ifthere is PDSCH transmission indicated by the detection of corresponding PDCCH or there is PDCCH indicating

downlink SPS release within subframe(s) n-k, where k €e K and K (definedin Table 12) is a set of M elements {ko, ki,
= km1}depending on the subframe n andthe UL-DL configuration, the UE first selects a ¢ value out of {0,1, 2,3}

which makes N: < nce < Nes1 and shelluse

(Lp=pa) _ 1
nptiectl =(M —m=1): N, +m- Ny +nccE +N§’JCCHforantennapmp=po

where

(1) =nm!{ ‘_ DL A RB_ J}
NPUCCHisconfiguredbyhigherlayers, Ne 0, [NRB - (Nsc™ - c—4)1/36

,and ngeisthe
number of the first CCE used for transmission of the corresponding PDCCHin subframe n —kn, and the
corresponding m, where knisthe smallestvalue inset Ksuch that UE detects a PDCCH in subframe n —k,. For

two antenna port transmissionthe PUCCH resource for HARQ-ACK bundling for antenna port p=p; is given by
(Lp=p) (1}
nplicey =M —m—1)-N.+m -N_ +nccg +1+ N
C ( ] € e+l c PUCCH [where cvalue out 0f{0,1, 2,

3}is chosen which makes Nc < nce +1 < Nea).

Ifthere is only a PDSCH transmission where there is not a corresponding PDCCH detected within subframe(s) n —
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.p)
k, where ke KandKisdefinedin Table 12, the UE shall use PUCCH format 1a/1band PUCCHresource = EWCCH

(L, p)
with the value of " PUCCH js determinedaccording to higherlayer configuration. For a UE configured fortwo

antenna port transmission, a PUCCH resource value maps to two PUCCH resources with the first PUCCH resource

ﬂ(l P= ) (Le=py)
PUCCH  for antennaport poand the second PUCCH resource MpuccH for antenna portps, otherwise, the

{1, p=pp)
PUCCH resource value mapstoa single PUCCH resource = FLFCCH  for antenna port po.

Table 12: Downlink association set index K: {ko, k1, kw..} forTDD

UL-DL Subframe n

Configuration 011 3 3 2 T e 7 15
0 o 6 - 4 [ -1 - 6 -4
1 -l - 7,6 4 - - - 7,6 4 | -
2 - | - 8,7,4,6 - -1 - 8,7,4,6 | - |-
3 -] - 7,6,11 6,5 54 | -] - -
4 - |- 12,8,7,11 6,5,4,7 - 1 - _ .
5 - |- 13,12,9,8,7,5,4,11,6 - -1 - - 1
6 -1 - 7 7. 5 -1 - 7 71

For TDD HARQ-ACK multiplexing and sub-frame n with M >1 and one configured serving cell, where Mis the

number of elementsintheset K defined inTable 12, denote "%CCHJ as the PUCCH resource derived from
sub-frame n —k; and HARQ-ACK(i) as the ACK/NACK/DTX response from sub-frame n —k,, where k; € K (definedin
Table 12)and0</<M-1.

For a PDSCH transmission ora PDCCH indicating downlink SPS release in sub-frame n —k; where k;e K, the PUCCH

g‘ll?lOCH; —{M-l'—ll N +i- N-L"I'l +"CCE,[ +N§,

resource UCCH | where cis selected from

{0,1, 2, 3}suchthat

No<necp; <N, = max{o,| RB . _ ]}

e =ACCE: o+l Nc max| 0, [N {N ~c—=4)1/36  MCCES is the number
1)

ofthe first CCE usedfor transmission of the corresponding PDCCH in subframe n—k; and PUCCH i

configured by higherlayers.

For a PDSCH transmission where thereis nota corresponding PDCCH detected insubframe n-k;, the value of
(n

RPUCCH
* is determineda ccording to higher layer configuration.

Based onhigherlayersignalling a UE configured with a single serving cell will either perform channel selection
either according to the set of Tables 13-1, 13-2,and 13-3 or according tothe set of Tables 14-1, 14-2, and 14-3.
For the selected table setindicated by higher layersignalling, the UE shall transmit b(0),b(1) on PUCCH resource

(1)

n
PUCCH in sub-frame n using PUCCH format 1b. The value of b(0),b(1) and the PUCCH resource

(1)

n
PUCCH are generated by channel selection according to the selected setof Tablesfor M=2, 3, and4

respectively.

Table 13-1: Transmission of HARQ-ACK multiplexing for M =2

Copy provided by USPTO from the IFW Image Database on 06/25/2014

IPR2025-00138
Petitioner's Exhibit 1011
Page 000029



HARQ-ACK(0), HARQ-ACK(1) H{I} b(0),b(1)
ACK, ACK n;,'dccm 1,1
ACK, NACK/DTX ng}m'm 0,1
NACK/DTX, ACK ";rld ccH 0,0
NACK/DTX, NACK n;,'d OCH.I 1,0
NACK, DTX 1 Ho 1,0
DTX, DTX No transmission

Table 13-2: Transmission of HARQ-ACK multiplexing for M =3

HARQ-ACK(0), HARQ-ACK(1), HARQ-ACK(2) ngy b(0),b(1)

ACK, ACK, ACK "}’H‘Cﬂﬂ; 1,1

ACK, ACK, NACK/DTX "#d I 1,1
ACK, NACK/DTX, ACK ”Engmn,u 1,1
ACK, NACK/DTX, NACK/DTX "fngmnp 0,1
NACK/DTX, ACK, ACK "1[:1]}(: cH2 1,0
NACK/DTX, ACK, NACK/DTX n;,'d ccH 0,0
NACK/DTX, NACK/DTX, ACK "191]}(: cH2 0,0
DTX, DTX, NACK nltrlll}ccn.z 0,1

DTX, NACK, NACK/DTX H;'BOCH,I 1,0
NACK, NACK/DTX, NACK/DTX n o 1,0

DTX, DTX, DTX No transmission
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Table 13-3: Transmission of HARQ-ACK multiplexing for M =4

HARQ-ACK(0), HARQ-ACK(1), HARQ-ACK(2), HARQ-ACK(3) ngﬂmﬁ b(0),b(1)
ACK, ACK, ACK, ACK Hll-:'ll:; cCHI 1,1
ACK, ACK, ACK, NACK/DTX ”rfrld CCH.I 1,0
NACK/DTX,NACK/DTX, NACK, DTX n]‘,'l]}c cHA2 1,1
ACK, ACK, NACK/DTX, ACK n;,'d coHe 1,0
NACK, DTX, DTX, DTX nlggmﬁ,u 1,0
ACK, ACK, NACK/DTX, NACK/DTX ”;rld CCHI 1,0
ACK, NACK/DTX, ACK, ACK n:']I.JJOCH,E 0,1
NACK/DTX, NACK/DTX, NACK/DTX, NACK n:,%mm 1,1
ACK, NACK/DTX, ACK, NACK/DTX ?I}’ECCHJ 0,1
ACK, NACK/DTX, NACK/DTX, ACK ”lggt:cr-:,u 0,1
ACK, NACK/DTX, NACK/DTX, NACK/DTX ”Ergmnp 1,1
NACK/DTX, ACK, ACK, ACK "%ccn,s 0,1
NACK/DTX, NACK, DTX, DTX nif,'l} S 0,0
NACK/DTX, ACK, ACK, NACK/DTX "}*Ill}ccnz 1,0
NACK/DTX, ACK, NACK/DTX, ACK "%ccn,s 1,0
NACK/DTX, ACK, NACK/DTX, NACK/DTX ”;rld CCHI 0,1
NACK/DTX, NACK/DTX, ACK, ACK "Edocn,s 0,1
NACK/DTX, NACK/DTX, ACK, NACK/DTX n]i)'dccﬂz 0,0
NACK/DTX, NACK/DTX, NACK/DTX, ACK "%ccn,s 0,0
DTX, DTX, DTX, DTX No transmission

Table 14-1: Transmission of HARQ-ACK multiplexing for M=2

HARQ-ACK(0), HARQ-ACK(1) H{I} b(0),b(1)
ACK, ACK ny(}t:cl—:p 1,0
ACK, NACK/DTX n;'d cCH 1,1
NACK/DTX, ACK nl(:g_m'm 0,1
NACK, NACK/DTX n ccH 0,0
DTX, NACK/DTX No Transmission
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Table 14-2: Transmission of HARQ-ACK multiplexing for M =3

HARQ-ACK(0), HARQ-ACK(1), HARQ-ACK(2) "{FIEPQCH b(0),b(1)

ACK, ACK, ACK I’l{’BCCHJ 1,1
ACK, ACK, NACK/DTX ";BCCHJ 1,0
ACK, NACK/DTX, ACK "}*:.:;ccn 2 1,0
ACK, NACK/DTX, NACK/DTX "Ergmﬂ,u 1,1
NACK/DTX, ACK, ACK n},'dccﬂ 2 0,1
NACK/DTX, ACK, NACK/DTX ";-Bccm 0,1
NACK/DTX, NACK/DTX, ACK "1?1]}(: cH2 0,0
NACK, NACK/DTX, NACK/DTX (H Ho 0,0

DTX, NACK/DTX, NACK/DTX No Transmission

Table 14-3: Transmission of HARQ-ACK multiplexing for M=4

HARQ-ACK(0), HARQ-ACK(1), HARQ-ACK(2), HARQ-ACK(3) midocH b(0),6(1)

ACK, ACK, ACK, ACK Hﬂ}mﬁﬁ I 1.1

ACK, ACK, ACK, NACK/DTX n},'dccﬂ 2 11

ACK, ACK, NACK/DTX, ACK n{,{}mm 10

ACK, ACK, NACK/DTX, NACK/DTX H;BOCHJ 1.0

ACK, NACK/DTX, ACK, ACK nﬂ:’)cc“‘s 11

ACK, NACK/DTX, ACK, NACK/DTX nl‘,'ll}c CH2 1,0

ACK, NACK/DTX, NACK/DTX, ACK n{,{}mm 0.1

ACK, NACK/DTX, NACK/DTX, NACK/DTX nﬂ}m,{ " 1.1

NACK/DTX, ACK, ACK, ACK Higdocﬁ, 1 0.0

NACK/DTX, ACK, ACK, NACK/DTX n},'dccﬂ 2 0.1

NACK/DTX, ACK, NACK/DTX, ACK "%ccn,s L0

NACK/DTX, ACK, NACK/DTX, NACK/DTX H;BCEHJ 01

NACK/DTX, NACK/DTX, ACK, ACK n%mm 01

NACK/DTX, NACK/DTX, ACK, NACK/DTX n,(,'lj}ccﬂ 2 0.0

NACK/DTX, NACK/DTX, NACK/DTX, ACK n:,%ccms 0.0

NACK, NACK/DTX, NACK/DTX, NACK/DTX nf,ﬂm,{p 0,0
DTX, NACK/DTX, NACK/DTX, NACK/DTX No Transmission

TDD HARQ-ACK procedure for more than one configured serving cell

The TDD HARQ-ACK feedback procedures for more than one configured serving cellare either based on a PUCCH format 1b with
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channelselection HARQ-ACK procedure as describedin section2-7-2-1 or a PUCCH format 3 HARQ-ACK procedure as described in
section2-7-2-2.

HARQ-ACK transmission ontwoantenna ports (p € [po,p1])is supportedfor PUCCH format3 and TDD with more thanone configured

serving cell. TDD UL-DL configuration 5 with PUCCH format 3 is onlysupported for up totwo configured serving cells. TDD UL-DL

configuration 5 with channel selection for two configured serving cells is not supported.
PUCCH format 1b with channel selection HARQ-ACK procedure

For TDD HARQ-ACK multiplexing with PUCCH format 1b with channelselectionand two configured serving cells and a subframe n with
M <2 where Mis the numberofelementsin theset K defined inTable 12, the UE shall transmit b(0)b(1) on PUCCH resource

W pil

PUCCH
PpUCCH selected from A PUCCH resources, v where0<i<A-landA € {2,3,4}, according toTables 15-1,15-2, and

15-3 in subframe n using PUCCH format 1b. For a subframe n with M =1, HARQ-ACK(j) denotes the ACK/NACK/DTX response for a

transport block or SPS release PDCCH associated with serving cell ¢, where the transportblock and serving cell for HARQ-ACK(j) and A

PUCCH resources are given by Table 18. For a subframe n with M =2, HARQ-ACK(j) denotes the ACK/NACK/DTX response for a PDSCH

transmission or SPS release PDCCH within subframe(s) given byset K oneachserving cell, where the subframes on each serving cell for
(1

Rp(CCH

HARQ-ACK(j) and APUCCH resources are given by Table 16. The UE shall determine the APUCCH resources, whereQ <i

< A-1ordered according to the serving cell inincreasing order of j givenin Table 18 for M=1 and Table 16 for M =2, according to

- for a PDSCH transmission indicated by the detection of a corresponding PDCCH within subframe(s) n — km, where k, € Kon

the primary cell, or for a PDCCH indicating downlink SPS release within subframe(s) n — k, where kn, € K on the primary cell,

"(PIJ}DCHJ N

the PUCCH resourceis =(M—m — 1)-Ne+m-Nesy +nccem + © PUEEH  where cis selected from{0,1, 2, 3}

N, Sneegn <N,y N, =max{0,| [N2:-(N*®-c—a)1/36 |}

such that , and for asubframe n

with M=1 and a transmission mode that supports upto two transport blocks on the serving cellwhere the corresponding

(1
PDSCH transmission occurs, the PUCCH resource nPUECH,!-t-I Is given by

(1) {1}
"PTICH ]EM_m_l 'N +m‘N +chE +1+N
v o ( ) € e+l o FUCCH where nccemisthe number of the
N(l)
first CCE used for transmission of the corresponding DClassignmentand PUCCH is configured by higher layers.
- for a PDSCH transmission on the primary cell where thereis not a corresponding PDCCH detected within subframe(s) n -k,
)
where k € K, thevalue of PUCCH, is determined according to higher layer configuration.

- for a PDSCH transmission indicated by the detection of a corresponding PDCCH within subframe(s) n-k, wherek € Kon the
n ()
secondary cell, the value of PUCCH. ,and the value of %ml-""l for a subframe n withM =2 or for a subframen
with M=1and a transmission mode on the secondary cell thatsupports up to two transport blocks is determined according
to higher layer configuration. The TPC field in the DCl format of the corresponding PDCCH shall be used to determine the

PUCCH resource values from one of the four resource values configured by higher layers. For a UE configured for a

transmission mode on the secondarycell that supports up totwotransportblocks anda subframe n with M =1, or fora

Copy provided by USPTO from the IFW Image Database on 06/25/2014

IPR2025-00138
Petitioner's Exhibit 1011
Page 000033



subframe n with M=2, a PUCCH resource value maps totwo PUCCH resources

()

("PUCCH,;' o

m
PUCCHi+1

).

otherwise,

(1)
the PUCCH resource value maps toa single PUCCH resource HPUCCHJ .AUEshallassume thatthe same HARQ-ACK

PUCCH resourcevalueistransmittedin the TPCfield onall PDCCH assignments on the secondary ceils in a given subframe.

Table 15-1: Transmission of HARQ-ACK multiplexing for A=2

HARQ-ACK(0), HARQ-ACK(1) ntb b(0),b(1)
ACK, ACK "Sli.rocn ' 1,0
ACK, NACK/DTX HIEED:H,D 1,1
NACK/DTX, ACK %Dcm 0,1
NACK, NACK/DTX nI[’EECH,D 0,0

DTX, NACK/DTX

No Transmission

Table 15-2: Transmission of HARQ-ACK

multiplexing for A=3

HARQ-ACK(0), HARQ-ACK(1), HARQ-ACK(2)

(1)

n b(0),b(1)

ACK, ACK, ACK ":)Eccm 1,1

ACK, ACK, NACK/DTX '"SI}CCH. \ 1,0
ACK, NACK/DTX, ACK nll)gccnz 1,0
ACK, NACK/DTX, NACK/DTX nggmﬂn 1,1
NACK/DTX, ACK, ACK n;’E'CCH.z 0,1
NACK/DTX, ACK, NACK/DTX "Slfrocﬂ. . 0,1
NACK/DTX, NACK/DTX, ACK nlt’llj'CCH.z 0,0
NACK, NACK/DTX, NACK/DTX nggmﬂn 0,0

DTX, NACK/DTX, NACK/DTX

No Transmission
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Table 15-3: Transmission of HARQ-ACK multiplexing for A=4

HARQ-ACK(0), HARQ-ACK(1), HARQ-ACK(2), HARQ-ACK(3) nd b(0),b(1)

ACK, ACK, ACK, ACK nif,'d A 1,1

ACK, ACK, ACK, NACK/DTX "li*gccnz 1,1

ACK, ACK, NACK/DTX, ACK nlf,ﬂmﬂ o 1,0

ACK, ACK, NACK/DTX, NACK/DTX ”gd cCH 1,0

ACK, NACK/DTX, ACK, ACK ":'%mn,a 1,1

ACK, NACK/DTX, ACK, NACK/DTX nli*gccn.z 1,0

ACK, NACK/DTX, NACK/DTX, ACK n:'II:IIJCCH,B 0,1

ACK, NACK/DTX, NACK/DTX, NACK/DTX nlggmﬂln 1,1

NACK/DTX, ACK, ACK, ACK nl[’gECH,D 0,0

NACK/DTX, ACK, ACK, NACK/DTX H;'BCCH, . 0,1

NACK/DTX, ACK, NACK/DTX, ACK "l(’BCCH 2 1,0

NACK/DTX, ACK, NACK/DTX, NACK/DTX "ngdccn.r 0,1

NACK/DTX, NACK/DTX, ACK, ACK "%ccn,s 0,1

NACK/DTX, NACK/DTX, ACK, NACK/DTX n},:jcm 2 0,0

NACK/DTX, NACK/DTX, NACK/DTX, ACK ngf,mm 0,0

NACK, NACK/DTX, NACK/DTX, NACK/DTX nf,ﬂm,{ln 0,0
DTX, NACK/DTX, NACK/DTX, NACK/DTX No Transmission

Table 16: Mapping of subframes on each serving cell to HARQ-ACK(j) for PUCCH format 1b HARQ-ACK channel selection for TDD with M
=2

A HARQ-ACK(j)

HARQ-ACK(0)

HARQ-ACK(1)

HARQ-ACK(2)

HARQ-ACK(3)

The first subframe of

Primary cell

The secondsubframe of

Primary cell

The first subframe of

Secondary cell

The secondsubframe of

Secondary cell

For TDD HARQ-ACK multiplexing with PUCCH format 1b with channelselectionand sub-frame n with M >2 and two configured serving

n 1
cells,where Mis the numberof elementsintheset K defined inTable 12, denotes PUCCH, 0<i<3asthe PUCCHresource

W]

(1)
derived fromthe transmissions in M DL sub-frames associated withthe UL subframe n. "*PUCCHL and HPUCCI-LI are associated
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(1) ]
with the PDSCH transmission(s) on the primary celland Pruccu2 and TPPUCCH,3 are associated withthe PDSCH transmission(s) on

the secondary cell.

For Primarycell:

- If for a PDSCH transmissionon the primary cell where there is not a corresponding PDCCH detected within the subframe(s)

n-k, where k € K,

al

3 the value of D is determined according to higher layer configuration.

. for a PDSCH transmission on the primary cell indicated by the detection of a corresponding PDCCH within the

subframe(s) n - km, where k, € K withthe DAl valuein the PDCCH equalto '1' (defined inTable 9) or a PDCCH

indicating downlink SPS release withinthe subframe(s) n — km, where k, - K withthe DAl value in the PDCCH equal
to'1', the PUCCH resource

{1} — — a1V, 1y
UCCH, = (M m ]) N.+m-N_, + Mo m +N}‘UC1’.‘.H

where cis selectedfrom {0,1, 2,

N, S figcpp <Ny N, =max{0,| [NZ: -(N*®.c—4))/36 |}

3}such that , Where

Nccem is the number of the first CCE used for transmission of the corresponding PDCCH in subframe n-k, and

Nf’]l.:}CCH is configured by higher layers.
. HARQ-ACK(0) is the ACK/NACK/DTX response for the PDSCH transmission withouta corresponding PDCCH.
HARQ-ACK(j), 1 <j <M-1, is the ACK/NACK/DTX response for the PDSCH transmission with corresponding PDCCH
and DAl value in the PDCCHequal to j"

- Otherwise,

3 for a PDSCH transmission on the primary cell indicated by the detection of a corresponding PDCCH within the

subframe(s) n—km where k,, € K withthe DAl value in the PDCCH equal toeither'1'or '2' or a PDCCH indicating

downlink SPS release within the subframe(s) n — km, where k, € K with the DAlvalueinthe PDCCH equalto either
'"1'or'2', the PUCCH resource

(1} =(M 1}
= -m—1)-N_+m- +n +
MpuccH,i { } € e+l CCE.m Mm , where cisselected from{0,1, 2,

N_.=<ngcs,,<N., N. =max{ﬂ,|_[N% '(Nf'ﬂ—")]f'i‘ﬁj}

3}such that ,

where nccemisthe numberof the first CCE used for transmission of the corresponding PDCCHin subframe n — kp,
N“]
FUCCH

=1 for the corresponding PDCCH with the DAI value equalto '2'.

is configured by higher layers, i =0 for the corresponding PDCCH with the DAI value equal to’1'and i

. HARQ-ACK(j), 0 <j <M - 1, is the ACK/NACK/DTX response for the PDSCH transmission with corresponding PDCCH
and DAl value in the PDCCHequal to'j +1'.
For Secondary cell:

- for a PDSCH transmission on the secondary cellindicated bythe detection of a corresponding PDCCH onthe primary cell

within the subframe(s) n — km, where k, € K withthe DAl value in the PDCCHequal toeither'l'or '2', the PUCCH

At =(M —pm—1)- ) 1)
resources A ( m 1) N"+m N‘+1+HCCE="+NI{'UCCH,wherecisselectedfrom {01,
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N, S fgcgn <Ny, N, =max{0,| [NE: -(N™ .c—4)]/36 |}

2, 3}such that , wherenccem

1)
is the number of the first CCE used for transmission of the corresponding PDCCH insubframe n-ky, PUCCH
configured by higherlayers, i =2 for the corresponding PDCCH with the DAl value equalto '1'and i =3 for the

corresponding PDCCH withthe DAl value equal to'2".

- for a PDSCH transmission indicated by the detection of a corresponding PDCCH within the subframe(s) n-k, where k € K
M 0

on the secondary cell, the value of PUCCH,2 ;g "PUCCH.3 5 determined according to higher layer configuration.
The TPC field in the DCI format of the corresponding PDCCH shall be used to determine the PUCCH resource values from
one of the four resource values configured by higher layers. AUE shallassume that the same HARQ-ACK PUCCH resource
value istransmitted in the TPC field on all PDCCH assignments on the secondarycellin a given subframe.

- HARQ-ACK(j), 0 <j<M - 1, is the ACK/NACK/DTX response for the PDSCH transmission with corresponding PDCCH and
DAl value inthe PDCCH equalto 'j +1".

{n
A UE shall perform channel selectionaccording tothe Tables 17-1, and 17-2 and transmit b(0),b(1) on PUCCH resource PUCCH
{n
PLICCH

sub-frame n using PUCCH format 1b. The value of b(0),b(1) and the PUCCH resource aregenerated by channel selection

according to Tables 17-1, and 17-2 for M=3, and 4 respectively.
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Table 17-1: Transmission of HARQ-ACK multiplexing for M=3

Primary Cell Secondary Cell Resource Constellation RM Code Input Bits
(1) 0(0),0(1),0(2),0(3)
BocH b(0),b(1)
HARQ-ACK(0), HARQ-ACK(1), | HARQ-ACK(0), HARQ-ACK(1),
HARQ-ACK(2) HARQ-ACK(2)
ACK, ACK, ACK ACK, ACK, ACK Hill 1,1 1,1,1,1
PUCCH,
ACK, ACK, NACK/DTX ACK, ACK, ACK 0,0 1,0.1,1
(1)
FpuocH,
ACK, NACK/DTX, any ACK, ACK, ACK 1,1 0111
{1
RpuccH,3
NACK/DTX, any, any ACK, ACK, ACK 0,1 0,011
()
Ppucch,3
ACK, ACK, ACK ACK, ACK, NACK/DTX o 1,0 11,10
Mpviocno
ACK, ACK, NACK/DTX ACK, ACK, NACK/DTX 1,0 1,0,1,0
()
Hpyccn,3
0,1,1,0
ACK, NACK/DTX, any ACK, ACK, NACK/DTX 0,1
(n
Mpviocho
0,0,1,0
NACK/DTX, any, any ACK, ACK, NACK/DTX 0,0 e
()
Ppucch,3
ACK, ACK, ACK ACK, NACK/DTX, any n},:jccﬂ 2 1,1 1,1,0,1
ACK, ACK, NACK/DTX ACK, NACK/DTX, any 0,1 1,0,0,1
(1)
Ppuccnz
ACK, NACK/DTX, any ACK, NACK/DTX, any "l(’B'CCH 2 1,0 0,1,0,1
NACK/DTX, any, any ACK, NACK/DTX, any nocen 2 0,0 0,0,0,1
ACK, ACK, ACK NACK/DTX, any, any - 1,0 11,00
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1
ACK, ACK, NACK/DTX NACK/DTX, any, any HI":"[:;CCH I 0,1 1,0,0,0
ACK, NACK/DTX, any NACK/DTX, any, any . 1,1 0,1,0,0
Mpviocno
NACK, any, any NACK/DTX, any, any n.‘:';}m.{ o 0,0 0,0,0,0
N —
DTX, any, any NACK/DTX, any, any o Transmission 0000
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Table 17-2: Transmission of HARQ-ACK multiplexing for M =4

Primary Cell Secondary Cell Resource Constellation RM Code Input Bits
HARQ-ACK(0), 0 0(0),0(1),0(2),0(3)
HARQ-ACK(1), Reuccn
HARQ-ACK(2),
@) b(0),b(1)
HARQ-ACK(3)
HARQ-ACK(0), HARQ-ACK(1),
HARQ-ACK(2), HARQ-ACK(3)
ACK, ACX, ACX Hill
PUCCH.1
ACK, ACK, ACK, NACK/DTX NACK/DTX 1,1 1,1,1,1
ACK,  ACX,  ACX a
]
ACK, ACK, NACK/DTX, any NACK/DTX Fpyuccn,i 0,0 1,0,1,1
ACK,  ACX,  ACX -
IACK, DTX, DTX, DTX NACK/DTX Mpucchy 1,1 0,1,1,1
IACK,  ACX,  ACX -
IACK, ACK, ACK, ACK NACK/DTX MeuccHs 1,1 0,1,1,1
ACK,  ACX,  ACX -
NACK/DTX, any, any, any NACK/DTX Rpyuccns 0,1 0,0,1,1
ACK,  ACX,  ACX
0,1 0,0,1,1
NACK/DTX
(ACK, NACK/DTX, any, any), a
except for (ACK, DTX, DTX, DTX) MeuccHs
ACK, ACX, NACK/DTX
(n
IACK, ACK, ACK, NACK/DTX any Mpuccno 1,0 1,1,1,0
IACK, ACX, NACK/DTX -
ACK, ACK, NACK/DTX, any any H,3 1,0 1,0,1,0
IACK, ACX, NACK/DTX
IACK, DTX, DTX, DTX m 0,1 0,1,1,0
@any Mpuocno
IACK, ACX, NACK/DTX
in
ACK, ACK, ACX ACK any Hpuccuo 0,1 0,1,1,0
IACK, ACX, NACK/DTX )
NACK/DTX, any, any,any any MeyccH) 0,0 0,0,1,0
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ACK, ACX, NACK/DTX| 0o
any Rpuccn, ’ 0,0,1,0
(ACX NACK/DTX, any, any),
except for (ACK, DTX, DTX, DTX)
ACK, DTX, DTX, DTX ’ili*gccn.z 1,1 1,1,0,1
IACK, ACK, ACK, NACK/DTX
ACK, ACK, ACK, NACK/DTX
(1)
ACK, ACK, ACK, ACK | na) oo 11 11,01
ACK, ACK, NACK/DTX, any
(1)
Ak, DTX, DTX, DTX | PPUccH2 01 1001
ACK, ACK, NACK/DTX, any
(1)
IACK, ACK, ACK, ACK | PPUCCH,2 01 1001
IACK, DTX, DTX, DTX ACK, DTK, DTX, DX | Rpema 10 0,1,0,1
(1)
ACK, DTX, DTX, DTX IACK, ACK, ACK, ACK | PpuceH2 1o 0101
(1)
IACK, ACK, ACK, ACK AcK, DTX, DTX, DTX | PPUCCH.2 1o 0101
IACK, ACK, ACK, ACK
(1)
IACK, ACK, ACK, ACK | PPUCCH,2 10 0101
(1)
NACK/DTX, any, any, any Ak, DTX, DTK, DTX | PPUccH2 0.0 0001
NACK/DTX, any, any,any
(1)
IACK, ACK, ACK, ACK | Plrucch.2 0.0 0001
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ACK, DTK, DTK, DTX (1)
» DTK, DTK, MpirocH,2 0,0 0.0,0,1
(ACK, NACK/DTX, any, any),
lexcept for (ACK, DTX, DTX, DTX)
(1)
IACK, ACK, ACK, ACK Mpyech2 0,0 0,0,0,1
(ACK, NACK/DTX, any,any),
lexcept for (ACK, DTX, DTX, DTX)
NACK/DTX, any, any, a
)
IACK, ACK, ACK, NACK/DTX any Bpuccn,i 10 11.00
(ACK, NACK/DTK any, o
ACK, ACK, ACK, NACK/DTX any), except for (ACK, HPUCCH.! 1,0 1,1,0,0
DTX, DTX, DTX)
NACK/DTX, any, any,
(1)
IACK, ACK, NACK/DTX, any any 'HP'UCCH.! 01 1000
(ACK, NACK/DTK any, “
]
IACK, ACK, NACK/DTX, any any), except for (ACK, HP'UCCH,! 0,1 1,0,0,0
DTX, DTX, DTX)
NACK/DTX, any, any,
(1
IACK, DTX, DTX, DTX any Aruccio 11 0,1,0,0
ACK, DTX, DTX, DTX (ACK, NACK/DTK any, 1,1 0,1,0,0
any), except for (ACK,
(n
DTX, DTX, DTX) Hpuceno
NACK/DTK any, any,
(n
IACK, ACK, ACK, ACK any nPUCCH;D 11 0,1,0,0
IACK, ACK, ACK, ACK
(ACK, NACK/DTK any, 11 0,1,0,0
any), except for (ACK,
(n
DTX, DTX, DTX) Hpuceno
NACK/DTX, any, any,
(h}]
NACK, any, any, any any Hpuccio 00 0,0,0,0
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any), except for (ACK,
DTX, DTX, DTX)

NACK, Any, any, any (ACK, NACK/DTK any, 0,0 0,0,0,0
any), except for (ACK,
(n
DTK DTX, DTX) Mpuccho
NACK/DTX, any, any,
0,0 0,0,0,0
any
(ACK, NACK/DTX, any,any),
(1
except for (ACK, DTX, DTX, DTX) Mpuocno
(ACK, NACK/DTX, any,any),
except for (ACK, DTX, DTX, DTX)[(ACK, NACK/DTK any,
0,0 0,0,0,0
any), except for (ACK, ’ e
(n
DTX, DTX, DTX) Hpuccho
NACK/DTX, any, any,
DTX, any, any, any any No Transmission 0,0,0,0
DTX, any, any, any (ACK, NACK/DTX, any, No Transmission 0,0,0,0

Table 18: Mapping of Transport Block and Serving Cell to HARQ-ACK(j) for PUCCH format 1b HARQ-ACK channel selection

A HARQ-ACK(J)
HARQ-ACK(0) HARQ-ACK(1) HARQ-ACK(2) HARQ-ACK(3)
2 TB1 Primary cell TB2 Secondarycell NA NA
3 TB1 Serving celll TB2 Serving celll TB3 Serving cell2 NA
4 TB1 Primary cell TB2 Primary cell TB3 Secondarycell TB4 Secondarycell

PUCCH format 3 HARQ-ACK procedure

For TDD HARQ-ACK transmission with PUCCH format 3 and sub-frame n with M 21 and more thanone configured serving cell, where M

3,
"E’L{“:SH

is the number of elementsinthesetK defined inTable 12, the UE shall use PUCCH resource

of HARQ-ACK in subframe n on antenna port p where

H{l.p}
or " FUCCH for transmission

- for a single PDSCH transmissiononly on the primary cell indicated by the detection of a corresponding PDCCH within

subframe(s) n-km, where kn, € K with the DAlvalueinthe PDCCH equalto '1' (defined inTable 9), orfor a PDCCHindicating

downlink SPS release within subframe(s) n-km, where k., € K with the DAlvalueinthe PDCCH equalto '1', the UE shall use

(1,2)

PUCCH format1a/1band PUCCH resource Peuccu with
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(Lp=pp) (1)
n ={M —m-1}- .
PUCCH ( m—1}) N.+m-N_,+ Aecgm Nnm" for antenna port p = po, where

NrSHCtI.m{NcH

NG
PUOCCH ;¢ configured by higher layers, c is selected from{0,1, 2,3} such that ,

_ DL ,RB . _ J}
NL‘ m{ﬂ’L[NRB {Nﬂ'-'- ¢ 411"36 ,and nccem isthe numberof the first CCE used for transmission of the

corresponding PDCCH insubframe n-k, where k,, € K.For two antenna port transmissionthe PUCCH resource for p =P; is

n =n +1
given by | PUCCH FUCCH
for a single PDSCH transmission only on the primary cell where thereis not a corresponding PDCCH detected within subframe(s) n-kn,

where k,, € Kand noPDCCH indicating downlink SPS release withinsubframe(s) n-km, where k,, € K, the UE shall use PUCCH format

ntl.p'} HIELPJ'
1a/1b andPUCCH resource  FWCCH with the value of UCCH

configured fortwo antenna port transmission, a PUCCH resource value maps to two PUCCH resources with the first PUCCH resource

is determinedaccording to higherlayer configuration. For a UE

n'lP=po) (Lp=p}
PUCCH for antennaport Pgand the second PUCCH resource HPU'DCH for antenna portpi, otherwise, the PUCCH resource value

phP=ra)
maps to asingle PUCCHresource CCH  forantenna portpo.

- for M> 1 and a PDSCHtransmission onlyon the primary cell where thereis not a corresponding PDCCH detected within
subframe(s) n-km, where k» € Kand an additional PDSCH transmission only onthe primary cellindicated bythe detection of
a corresponding PDCCH within subframe(s) n-km, where k, € K with the DAl valuein the PDCCH equalto '1' (defined inTable

9) or a PDCCH indicating downlink SPS release within the subframe(s) n-k., where kn, € K with the DAlvalueinthe PDCCH

(14]
equal to'1', the UE shall transmit b(0),b(1) in subframe nusing PUCCH format 1b on PUCCH resource Pruccn selected from

(1)
A PUCCH resources HPUCEIM where0 <i<A-1, accordingtoTable 15-1 and Table 15-2for A=2 and A =3, respectively. For

a UE configured with a transmission mode thatsupports up to two transport blocks on the primary cell, A =3; otherwise, A=

2.
".}.I]
. The PUCCH resource = TYCEHD s determined according to higherlayer configuration. The PUCCH resource
( ecy =(M —m=1)-N_+m-N_,, + + N
Tlpuoch, ) is determinedas TrpuccH.l ( ) ¢ e+l T Mocem PUCCH \where

1
N

CCH 5 configured by higher layers, c is selected from {0,1, 2, 3} such that

N, S negun < N,y Ne = max{0, L [VRE - (VR® .o - 4y1/36 |}

and nccem is the number of the
first CCE used for transmission of the corresponding PDCCH in subframe n-k,», where k, € K. For a UE configured

with a transmission mode that supports upto twotransportblocks onthe primary cell, the PUCCH resource

”f’ll?DCH.z is determinedas -"l[!?mm,z = "g?'&‘ﬂ‘l.l +1 ‘MRQ_ACK[ﬂ}isthe ACK/NACK/DTXresponse
for the PDSCH withouta corresponding PDCCH detected. HARQ-ACK(1) is the ACK/NACK/DTX response for the first
transport block of the PDSCH indicated by the detectionofa corresponding PDCCH for whichthe value of the DAI
field in the corresponding DCIformatis equal to'1' or for the PDCCH indicating downlink SPS release for which the
value of the DAI fieldin the corresponding DCI format is equal to '1'. HARQ-ACK(2) is the ACK/NACK/DTX response
for the secondtransportblock of the PDSCH indicated by the detection of a corresponding PDCCH for which the

value of the DAl fieldin the corresponding DC formatis equalto '1".
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- for M> 1 and a PDSCHtransmission onlyon the primary cellindicated bythe detection of a corresponding PDCCH within

subframe(s) n-km, where kn € K with the DAlvalueinthe PDCCH greater than '1' (defined inTable 9) or a PDCCH indicating

downlink SPS release within the subframe(s) n-km, where k,, € K with the DAl valueinthe PDCCH greaterthan '1', the UE

) f nh3e)

shall use PUCCH format 3 and PUCCH resource PUCCH wherethevalueo PUCCH is determined according to higher

layer configuration andthe TPC fieldin a PDCCH assignment with DAl value greaterthan'1'shallbe usedto determine the
PUCCH resource value from one of the four PUCCH resource values configured byhigherlayers. AUE shall assume thatthe
same HARQ-ACK PUCCH resource valueis transmitted onall PDCCH assignments used todetermine the PUCCH resource
values within the subframe(s) n—km, where kn,, € K.

- for a PDSCH transmission on the secondary cellindicated bythe detection of a corresponding PDCCH within subframe(s) n-kx,

ni3p) e}
where kn, € K, the UE shalluse PUCCHformat3 and PUCCH resource FUCCH where the value of PUCCH is

determined according to higher layer configuration andthe TPCfieldin the corresponding PDCCH shall be usedto determine

the PUCCH resource value fromone of the four resource values configured by higher layers. Ifa PDCCH corresponding to a

PDSCH on the primary cell withinsubframe(s) n - km, where kn, € K, ora PDCCHindicating downlink SPSrelease within

subframe(s) n-km, where kn, € K, is detected, the TPC field in the PDCCH with the DAlvalue greater than'1'shall be used to

determine the PUCCH resource value from one of the fourresource values configured by higher layers. A UE shall assume that

the same HARQ-ACK PUCCH resource value is transmitted on all PDCCH assignments in the primary celland in each secondary

cell that are usedto determined the PUCCH resource value within the subframe(s) n-k,, wherek, € K

2
For PUCCH format 3 and PUCCH resource CCH anda UE configuredfor twoantenna porttransmission,a PUCCH resource value

(3, p=py)
maps to two PUCCH resources with the first PUCCH resource Mruccn for antenna portpo andthe second PUCCH

(3, p=p}
resource for antenna portp;, otherwise, the PUCCH resource value maps to a single PUCCH resource

(3, p=pg)

UccH for antenna port po.

FDD HARQ-ACK procedures for more than one configuredserving cell

The FDD HARQ-ACK feedback procedures for more than one configured serving cell are either based on a PUCCH format 1b with channel
selection HARQ-ACK procedure as described.

HARQ-ACK transmission ontwoantenna ports (p €[ po, pi]) is supported for PUCCHformat 3.
PUCCH format 1b with channel selection HARQ-ACK procedure

For FDD with two configured serving cells and PUCCH format 1b with channel selection, the UE shall transmit b(0)b(1) on PUCCH

e ®
resource PUCCH selected from APUCCHresources, nrma’whereOSjsA—landA €{2,3,4}, according to Table 19-3, Table

19-4, Table 19-5 insubframe n using PUCCH format 1b. HARQ-ACK(j) denotes the ACK/NACK/DTX response for a transportblockor SPS
release PDCCH associated with serving cell ¢, where the transport block and serving cell for HARQ-ACK(j) and APUCCH resources are

given by Table 19-1.
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A UE configured with a transmission mode thatsupports upto two transport blocks onserving cell, ¢, shall use the same HARQ-ACK
response for both the transport blocks in response to a PDSCH transmission with a single transport block or a PDCCH indicating

downlink SPS release associated withthe serving cell c.
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Table 19-1: Mapping of Transport Blockand Serving Cell to HARQ-ACK(j) for PUCCH format 1b HARQ-ACK channel selection

A HARQ-ACK(j)
HARQ-ACK(0) HARQ-ACK(1) HARQ-ACK(2) HARQ-ACK(3)
2 ITB1 Primarycell TB1 Secondary cell NA NA
3 [TB1 Serving celll TB2 Servingcelll [TB1 Serving cell2 NA
4 ITB1 Primarycell TB2 Primarycell ITB1 Secondary cell ITB2 Secondary cell

(1)
The UEshall determinethe APUCCHresources, y associated with HARQ-ACK(j) where 0<j<A-1 in Table 19-1,according to
for a PDSCH transmission indicated by the detection of a corresponding PDCCH insubframe n —4 onthe primary cell, or for a PDCCH

nD ;s = Mocs + N

indicating downlink SPS release in subframe n—4 on the primarycell,the PUCCH resourceis ,

1)
Ppucen, j+1

and for transmission mode thatsupports up to two transport blocks, the PUCCH resource isgivenby
{1 — )
nPUOCHJH = Hcce +1+ N:"J‘CCH where ncceisthe number of the first CCE used for transmission of the corresponding
1)
PDCCH and * " PUCOCH js configured by higher layers.

for a PDSCH transmission on the primary cell where there is not a corresponding PDCCH detectedin subframe n —4, the value of
W
PUCCH, j is determined. Fortransmission mode thatsupports upto two transport blocks, the PUCCH resource
(1) Q) — D +1
Mpyccn, j+1 Mpyucch, j+1 = Ppuccy, /
for a PDSCH transmission indicated by the detection of a corresponding PDCCH in subframe n —4 on the secondary cell, the value of

(1) 1)
nPUOCH,j, and the value of n‘PUCCH.fH the transmission mode thatsupports up to two transport blocks is determined

is given by

according to higher layer configuration and Table 19-2. The TPC fieldin the DCI format of the corresponding PDCCH shallbe usedto
determinethe PUCCH resource values fromone of the four resource values configured by higher layers, withthe mapping defined in

Table 19-2. For a UE configuredfor a transmission mode that supports up totwotransportblocks a PUCCH resource valueinTable 19-2

) 1
("ruccu i nl(’lEFCCH. J+l )

maps to two PUCCH resources , otherwise, the PUCCH resource value maps to a single PUCCH resource

m
MpucceH, j ‘
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Table 19-2: PUCCH Resource Value for HARQ-ACK Resource for PUCCH

necn
Value of ‘TPC command for PUCCH’ ) (]')i or
(ﬂwccﬁ, i* nPUOC}I.J‘H)

- The 1st PUCCH resource value configured by
00 the higher layers
The 2™ PUCCH resource value configured by

‘o the higher layers
i The 3™ PUCCH resource value configured by
10 the higher layers
11’ The 4™ PUCCH resource value configured by

the higher layers

Table 19-3: Transmission of Format 1b HARQ-ACK channel selection for A=2

HARQ-ACK(0) HARQ-ACK(1) n;:’]I}CCH b(0)b(1)
ACK ACK ndccH, 1 1,1
ACK NACK/DTX R%CCH,O 1,1
NACK/DTX ACK nf%cCH,l 0,0
NACK NACK/DTX ngl}CCH,O 0,0
DTX NACK/DTX No Transmission

Table 19-4: Transmission of Format 1b HARQ-ACK channel selection for A=3

HARQ-ACK(0) HARQ-ACK(1) HARQ-ACK(2) nf:ﬂom b(0)b(1)
ACK ACK ACK n{Fll}ICCH, 1 1,1
ACK NACK/DTX ACK H%%CCH.] 1,0

NACK/DTX ACK ACK H%%CCHJ 0,1
NACK/DTX NACK/DTX ACK n%‘%CCH,Z 1,1
ACK ACK NACK/DTX ng}ccﬂ,o 1,1
ACK NACK/DTX NACK/DTX H%CCH,O 1,0
NACK/DTX ACK NACK/DTX ng&CCH,O 0,1
NACK/DTX NACK/DTX NACK n%‘%CCH,Z 0,0
NACK NACK/DTX DTX ngl?TCCH,O 0,0
NACK/DTX NACK DTX ngﬂccﬂ’o 0.0
DTX DTX DTX No Transmission
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Table 19-5: Transmission of Format 1b HARQ-ACK channel selection for A=4

HARQ-ACK(0) HARQ-ACK(1) HARQ-ACK(2) HARQ-ACK(3) n;‘:ﬂcm b(0)b(1)
ACK ACK ACK ACK H%’%’CCH.] 1,1
ACK NACK/DTX ACK ACK n%']l?ICCH,Z 0,1

NACK/DTX ACK ACK ACK H%%CCH.] 0,1
NACK/DTX NACK/DTX ACK ACK ng%CCH,S 1,1
ACK ACK ACK NACK/DTX HE’?ICCHJ 1,0
ACK NACK/DTX ACK NACK/DTX H%OCH,Z 0,0
NACK/DTX ACK ACK NACK/DTX H%’%CCH.] 0,0
NACK/DTX NACK/DTX ACK NACK/DTX ngaCCHﬁ 1,0
ACK ACK NACK/DTX ACK "%‘%CCH,Z 1,1
ACK NACK/DTX NACK/DTX ACK "%‘%CCH,Z 1,0
NACK/DTX ACK NACK/DTX ACK ng%CCHJ 0,1
NACK/DTX NACK/DTX NACK/DTX ACK n(P%CCHJ 0,0
ACK ACK NACK/DTX NACK/DTX ngl}CCH,O 1,1
ACK NACK/DTX NACK/DTX NACK/DTX H%CCH,O 1,0
NACK/DTX ACK NACK/DTX NACK/DTX H%CCH,O 0,1
NACK/DTX NACK NACK/DTX NACK/DTX ng&CCH,O 0,0
NACK NACK/DTX NACK/DTX NACK/DTX ngl}CCH,O 0,0
DTX DTX NACK/DTX NACK/DTX No Transmission

PUCCH format 3 HARQ-ACK procedure

(
For FDD with PUCCH format 3, the UE shall use PUCCH resourcenP

i

1,p)
3‘5) n}) 2

UCCH
UCCH for transmission of HARQ-ACK insubframe n

mapped to antenna port pwhere

for a PDSCH transmission only onthe primarycell indicated by the detection of a corresponding PDCCHin subframen —4, or
for a PDCCH indicating downlink SPS release (defined insection 9.2) insubframe n—4 on the primary cell, the UE shall use
(L5) Lpe) _ N{I}
gy =n -+
PUCCH format1a/1band PUCCH resource Mrucen with CCH CCE PUCCH {51 antenna portpo where

ncceis the numberofthe first CCE (i.e., lowest CCE indexused to construct the PDCCH) used for transmission of the

1)
corresponding PDCCH and " "PUCCH s configured byhigherlayers. Whentwoantenna port transmission is configured for

(1.p4) N(U

PUCCH format 1a/1b, the PUCCHresource for antenna port p; isgivenby = PUCCH =ncce+1 + PUccH

for a PDSCH transmission only onthe primarycell where thereis nota corresponding PDCCH detected insubframe n-4, the
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(Lp} {LP}
UE shall use PUCCHformat 1a/1band PUCCH resource ~ PUCCH where the value of FuccH

higher layerconfiguration and Table 9.2-2. For a UE configured for two antenna port transmission for PUCCH format 1a/1b, a

is determined according to

(1,po)
PUCCH resource value maps totwo PUCCH resources withthe first PUCCH resource PUCCH £5r antenna port poand the

{1.pg)
second PUCCHresource " PUCCH for antenna port p;, otherwise, the PUCCH resource value maps to a single PUCCH

(1.19)
resource  FUCCH for antenna port po.

- for a PDSCH transmission on the secondary cellindicated bythe detection of a corresponding PDCCH insubframe n-4, the UE

@a.p) (3.p)
shall use PUCCH format 3 and PUCCH resource ©  PUCCH \yherethevalueof = PUCCH s determined according to higher

layer configuration and Table 20-1. The TPCfield in the DCl format of the corresponding PDCCH shall be used to determine
the PUCCH resource values fromone of the four resource values configured by higher layers, with the mapping definedin
Table 20-1. For a UE configured for two antenna port transmission for PUCCH format 3, a PUCCH resource valuein Table 20-1

] . N(3.Po)
maps to two PUCCH resources with the first PUCCH resource — FPUCCH for antenna portpo and the second PUCCH resource

N(3-P1} N(slpﬁ)
PUCCH for antenna port p;, otherwise, the PUCCH resource value maps to a single PUCCHresource — FUCCH for

antennaport PoAUE shallassume thatthe same HARQ-ACKPUCCH resource valueis transmittedin each DCI format of the

corresponding secondary cell PDCCH assignments in a given subframe.

Table 20-1: PUCCH Resource Value for HARQ-ACK Resource for PUCCH

Value of ‘TPC command for PUCCH’ (3.5)
Mpycen

P The 1st PUCCHresource value configured
00 .

by the higherlayers
P The 24 PUCCH resource value configured
01 .

by the higherlayers
10’ The 3 PUCCH resource value

configured by the higher layers

qy The 4% PUCCH resource value

configured by the higher layers

Random access procedurein LTE

An LTE UE can only be scheduled for UL transmissionif its UL transmissiontiming is synchronized. The LTE random access channel
(RACH) therefore plays a key role as an interface between non-synchronized UEs and the orthogonal transmission scheme of the LTE UL
radio access [3]. LTE uses the RACH for initial network access, butin LTE the RACH cannot carry any user data. Instead, the LTE RACH is
used to achieve ULtime synchronization for a UE whicheitherhas not yet acquired, orhas lost, its UL synchronization. Once UL

synchronizationis achievedfor a UE, the eNB can schedule orthogonal UL transmission resources for it.

The LTE random access procedure comes in two forms, allowing access to be either contention-based (implying aninherent risk of
collision) or contention-free. A UE initiates a contention-based random access procedure for all use-cases including the initial access. In
this procedure, a RACH preamble signature is randomly chosen by the UE, withthe resultthat it is possible for more thanone UE

simultaneously to transmit the same signature, leading to a need for a subsequent contention resolution process. Forthe use-cases
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such as handover, the eNB has the option of preventing contention occurring by allocating a dedicated signature to a UE, resultingin
contention-free access (namely, dedicated random access). This is faster than contention-based access - a factor whichis particularly

important for the case of handover, whichis time-critical. These two procedures are outlined in Figure 11.

UE eNB
@ Random Access Preamble——»! UE eNB
———Random Access Response————— @ @ 4———RA Preamble assignment——
@ ———>5cheduled Transmiss|on———» —Random Access Preamble———» @
«———Contention Resolution———— (2) [«——Random Access Response——{
(a) Contention-based random access (b) Dedicated random access

Figure 11. Randomaccess procedures of 3GPP LTE Release-8 system

The four steps of the contention-based random access procedure are provided as below:
- Step 1: RACH preamble transmission (from UE to eNBin UL)

- Step 2: Randomaccess response (from eNB to UEin DL)

- Step 3:Layer2 /Layer3 message (from UEto eNBinUL)

- Step 4: Contentionresolution message (fromeNBtoUEin DL)

On the other hand, the dedicated random access procedure consists of the following three steps:
- Step 0: RACH preamble assignment via dedicated signalling (from eNBto UEin DL)
- Step 1: RACH preamble transmission (from UE to eNBin UL)

- Step 2: Randomaccess response (from eNB to UEin DL)

The Random Access Response (RAR) is sent by the eNodeBon the Physical Downlink Shared CHannel (PDSCH), and addressed with an ID,
the Random Access Radio Network Temporary Identifier (RA-RNTI), identifying the time-frequency slotin which the preamble was
detected. If multiple UEs had collided by selecting the same signature inthe same preamble time-frequencyresource, they would each
receivethe RAR. The RAR conveys the identity of the detected preamble, a timing alignment instruction (i.e., TA: Timing Advance) to
synchronize subsequent uplink transmissions fromthe UE, an initial uplink resource grant for transmission of the Step 3 message, and
an assignmentofa Temporary Cell Radio Network Temporary Identifier (C-RNTI) (which mayor may not be made permanent as a result

of the next step—contentionresolution).

Quasi co-locatedantenna ports

The term “quasi co-located (QC)" (or "quasico-location (QC)") is defined as below: "If two antenna ports are "quasi co-located
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(QC)", the UE may assume that large-scale properties of the signal received fromthe first antenna port canbe inferred fromthe signal
received fromthe otherantenna port".

The "large-scale properties" mentionedin the above definition consist of some or all of;

Delay spread

Doppler spread

Frequency shift

Average received power

Received Timing

Alternatively, the above definition may be modified into anexpression fora channel as below:

"If two antenna ports are "quasi co-located (QC)", the UE may assume that large-scale properties of the channel over which a symbol on

one antenna portis conveyedcan be inferred from the channel over whicha symbol on the other antenna port is conveyed "
The "large-scale properties” mentionedin the above definition consist of some or all of:

Delay spread

Doppler spread

Doppler shift

Average gain

Average delay

In the present invention, the above QC-related definitions are not differentiated. Thatis, the QC concept may comply withone of
the above definitions. Alternatively, the QC concept definition maybe changed into another similar form in whichantenna
ports having an established QC assumption may be assumed tobe transmitted atthe co-location (e.g., UE may assume
antenna portstobe antenna ports transmitted atthe same transmission point). The spirit of the presentinvention includes
such similar modifications. Inthe present invention, the QC-related definitions are interchangeably used for convenience of

description.

In accordance with the above definitions, the UE cannot assume the same large-scale channel properties between corresponding
antenna ports (APs) with respectto “non-quasi-co-located (NQC) antenna ports”. That is, in this case, a typical UE receivershould
perform independent processing for timing acquisition and tracking, frequency offset estimationand compensation, delay estimation,

and Dopplerestimation for each configured non-quasi-co-located (NQC) AP.

There are advantages in that UE can perform the following operations between APs capable of an assuming QC:
With respect to the Delay spread & Doppler spread, the UE may identically apply the results of power-delay profile, delay spread and
Doppler spectrum, and Dopplerspread estimation for any one antenna port toa Wiener filter which is used upon channel estimation for
anotherport.
With respect to the Frequency shift & received timing, the UE may perform time andfrequencysynchronization on any one antenna
port and then applythe same synchronizationto the demodulation of other antenna ports.

With respect to the Average received power, the UE may average RSRP measurements for two ormore antenna ports.

Ifthe UE receives a specific DMRS-based DL-related DCI format (e.g., DCl 2C) overa PDCCH (or ePDCCH), the UE performs data
demodulation after performing channel estimation for the scheduled PDSCH through a configured DMRS sequence. If the UE can make
an assumptionthat a DMRS ports configuration received throughthe DL scheduling grantallows QC with specificRS (e.g., a specific

CSI-RS, a specific CRS, a DLserving cell CRS of the UE, etc.) ports, then the UE may apply the estimates of the large-scale channel
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properties estimated through the specificRS (e.g., a specific CSI-RS, a specific CRS, a DL serving cell CRS of the UE, etc.) ports to channel

estimationthroughthe DMRS ports, thereby improving the processing performance of the DMRS-based receiver.

ePDCCH

Inan LTE-Asystem,an enhanced PDCCH (E-PDCCH) for transmitting a DLcontrol signal has beenintroducedas an additional
resourceinaddition to anexisting PDCCH. Here, as shownin the figure, itis assumed thatthe E-PDCCH is transmitted after
PDCCH is transmittedin an existing PDSCH domain, i.e., whenviewed fromthe time axis. Althoughthefigureillustrates that
the E-PDCCH is transmitted using a continuous frequency resource, thisis merely anexample,and the E-PDCCHalsocan be

transmitted using a discontinuous frequency resource for frequency diversity.
' PDCCH multiplexed

/ with PHICH, PCFICH

7 Subframe

/

F 3

se——+ E-PDCCH

Frequency

OFDM symbaol

For each serving cell, higher layer signalling can configure a UE with one ortwo EPDCCH-PRB-sets for EPDCCH monitoring. The PRB-pairs
corresponding to an EPDCCH-PRB-setare indicated by higher layers as described insection 9.1.4.4. Each EPDCCH-PRB-set consists of set
of ECCEs numbered from 0 to Necce p,i—1 Where Neccgpi is the number of ECCEs in EPDCCH-PRB-set p of subframe k. Each
EPDCCH-PRB-set can be configuredfor either localized EPDCCH transmission ordistributed EPDCCH transmission.

The UE shall monitor a set of EPDCCH candidates onone or more activated serving cells as configured by higher layer signalling for
control information, where monitoring implies attempting to decode each of the EPDCCHs inthe set according tothe monitored DCI
formats.

The set of EPDCCH candidates to monitorare definedin terms of EPDCCH UE-s pecific search spaces.

For each serving cell, the subframes in whichthe UE monitors EPDCCH UE-s pecific search spaces are configured by higherlayers.
The UE shall not monitor EPDCCH

For TDD and normal downlink CP, inspecial subframes for the special subframe configurations 0 and 5

For TDD and extended downlink CP, inspecial subframes for the special subframe configurations 0, 4 and 7
In subframes indicated by higher layers to decode PMCH

(L)
An EPDCCH UE-specificsearch space * ataggregation level L €{1,2,4,8,16,32 }is defined by a set of EPDCCH candidates.

For an EPDCCH-PRB-set p configured for distributed transmission, the ECCEs corresponding to EPDCCH candidate m of the search space

(L)
are given by

{L{ (Yp,i + m'}mod LNECCEW: ‘FLJ }+f}
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For an EPDCCH-PRB-set p configuredfor localised transmission, the ECCEs corresponding to EPDCCH candidate m of the search space

(L)
k are given by
m' N pece
: L-M¢ ]
where

Yy, cis defined below,

i=0,...,L.-1

L
m’——m+M”-na_ , _ _ o _ _ , ,
P ifthe UEis configured with a carrier indicator field for the serving cell on which EPDCCH is monitored,

otherwisem’=m

neis the carrierindicatorfield value,

m=01.. . M® 1

’

Mo
? is the numberof EPDCCH candidates to monitorat aggregationlevel L in EPDCCH-PRB-setp.

A UEis not expected to monitor an EPDCCH candidate, if an ECCE corresponding to that EPDCCH candidate is mapped to a PRB pairthat

overlapsin frequency with a transmission of either PBCH or primary or secondary synchronisation signals in the same subframe.

The variable Y, «is defined by

EYPJE = (‘4 o ox )modD]

where Y 1=nsvn 20 A=39827, D=65537 and k=[ns/2], ns, the slot number within aradioframe. The RNTIvalue used for newm is

defined insection 7.1 indownlink and section8 in uplink.

EPDCCH formats

The enhanced physical downlink control channel (EPDCCH) carries scheduling assignments. An enhanced physical downlink control
channelis transmitted using an aggregation of one orseveral consecutive enhanced control channel elements (ECCEs) where each ECCE
consists of multiple enhanced resource element groups (EREGs), defined inSection 6.2.4A. The number of ECCEs used for one EPDCCH

dependson the EPDCCH formatas given by Table

6.8A.1-2 and the numberof EREGs per ECCE is given by Table 6.8A.1-1. Both localized and distributed transmission is supported.
An EPDCCH can use either localized ordistributed trans mission, differing inthe mapping of ECCEs to EREGs and PRB pairs.

A UE shall monitor multiple EPDCCHs as defined in[4]. One ortwo sets of physical resource-block pairs whicha UE shall monitor for
EPDCCH transmissions can be configured. All EPDCCH candidatesin EPDCCHset S, use either only localized or onlydistributed
transmission as configured byhigherlayers. Within EPDCCH set Sy, insubframei, the ECCEs available for transmission of EPDCCHs are

numberedfrom 0to Neccemit and ECCE numbern corresponds to

BCCB) AFECCE L BCCEJ
mod nf N,
- EREGs numbered (u NRB +JNRB in PRBindex / RB for localized mapping, and
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z S, EREG 3,
- EREGs numbered Lﬂngﬁthggm in PRB indices ("-l-jmax(l’Nnﬁ/Nm }}EOdNRB

distributed mapping,

for

: _ EREG EREG ECCE _ EREG
where J =0,L.... Ngcce -1 , Necce is the number of EREGs per ECCE, and Nzs IS/NEOCE isthe number of

ECCEs per resource-block pair. The physical resource-block pairs constituting EPDCCH setSp, arein this paragraph assumed tobe

N -1
numberedin ascending orderfrom 0 to RB .
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EREG

Table 6.8A.1-1: Number of EREGs per ECCE, = ECCE
Normal cyclic prefix Extended cyclic prefix
Normal subframe Special, subframe Special subframe, Normal Special, subframe
configuration 3, 4,8 configuration 1,2,6, 7,9 subframe configuration 1, 2,3, 5, 6
4 8

Table 6.8A.1-2: Supported EPDCCH formats.

EPDCCH format ECCE
Number of ECCEs for one EPDCCH, Neppceu

Case 1 Case 2
Localized transmission | Distributed transmission | Localized transmission | Distributed transmission
0 2 2 1 1
1 4 4 2 2
2 8 8 4 4
3 16 16 8 8
4 - 32 - 16

Case linTable6.8A.1-2 applies when

Npy 225
- DCl formats 2, 2A, 2B,2Cor 2D is used and ,or

- any DCI format when neppcci<104 normal cyclic prefix is used in normal subframes or special subframes with configuration

34,8,
otherwise case 2isused. The quantity nepca: for a particular UE is defined as the numberof downlink resource elements (k,/) ina
physical resource-block pairconfigured for possible EPDCCH transmission of EPDCCH set Sp and fulfilling all of the following criteria:

- they are part ofany one of the 16 EREGs inthe physical resource-block pair,and

- they are assumed by the UE not to be used for cell-specific reference signals or CSI reference signals

- the index/in thefirst slotina subframe fulfils | > leppcchstat Where leppcaistart IS given by Section9.1.4.1 of 3GPP TS 36.213.

The mapping to resource elements (k,/) on antenna port p meeting the criteria above shall be inincreasing order of firsttheindexk and

then the index /, starting with the first slot and ending with the second slot ina subframe.

For localized transmission, the single antenna portp to useis given by Table 6.8A.5-1 with
n'=n mod Ng§<E +n mod min(NES Sy , NEGCE
ECCE low RB RNTI EPDCCH»VRE )
where necceow is the lowest ECCE index used by this EPDCCH transmission inthe EPDCCH set ngnn corresponds to the RNTlassociated

NEJCCE
with the EPDCCH transmission, and EFDCCH s the number of ECCEs used for this EPDCCH.
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Table 6.8A.5-1: Antenna port to use for localized EPDCCH transmission.

nl
Normal cyclic prefix Extended cyclic prefix
Normal subframes, Special subframes, configurations|Special subframes, configurations 1,2,6
3,4,8 7,9 Any subframe

0 107 107 107

1 108 109 108

2 109

3 110

For distributed transmission, each resource elementin an EREG is associated with one out of two antenna portsin an alternating

manner where p e {107,109} for normal cyclic prefix andp € {107,108} for extended cyclic prefix.

3. Motivation of the Invention

In a next-generation system of LTE-A, it is considered to configure a low cost/low specification terminal which primarily
aims atdata communication, such as meter reading, waterlevel measurement, monitoring camera utilization, inventory
reporting of a vending machine, etc. For convenience, such a terminalis referredto asa Machine Type Communication
(MTC) terminal. In the case of the MTC terminal, a data transmission amount is low and uplink/downlink data
transmission/reception occurs occasionally. Therefore, it is efficient toreduce the price and battery power consumption
of the terminal inconsideration of such a low data transfer rate. This MTC terminal is characterized by low mobility, and
thus a channel environmentlittle changes. Inthe current LTE-A, providing the MTC terminal with wider coverage is being

considered,and, tothis end, various coverage enhancement techniques for the MTC terminal are being discussed.

Meanwhile, whenthe UE performs initial access to a specific cell, the UE receives, from eNodeB that operates/controls
the cell, master information block (MID), system information block (SIB) information, and radio resource control (RRC)
parameters for the cell. Here, there occurs a problemthata MTC UE requires wider coverage than a legacy UE. Therefore,
ifeNodeB transmits SIBin the same manner as for a legacy UE, the MTC UE experiences difficulty inreceiving the SIB. In
order to resolve this problem, when transmitting SIB for the MTC UE having coverage issue through PDSCH, eNodeB may

apply coverage enhancementtechniques such as subframe repetition, subframe bundling, or the like.

The maximum bandwidth supported by normal LTE UEs is 20MHz. One potential technique to reducethe UE cost
is to reduce the maximum bandwidththat the UE supports from 20MHz to a lower bandwidth (e.g, 1.4MHz, 3MHz
or 5MHz). The reduction of the maximum bandwidth can be applied to the downlink and/or uplink, the RFand/or
baseband components, the data and/or control channels. To be more specific, the following options have been

considered and evaluated, which allow the bandwidth reduction on the DLand UL to be considered separately.
- DL

- Option DL-1: Reduced bandwidth for both RF and baseband

- Option DL-2: Reduced bandwidth for baseband only for both data channeland control channels

. Option DL-3: Reduced bandwidth for data channel in baseband only, while the control channels are still
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allowed to use the carrier bandwidth

. Option UL-1: Reduced bandwidth for both RF and baseband

. Option UL-2: No bandwidth reduction
This option does not have any impact on coverage, power consumption, specifications, performance, and UE cost.

For all these options, the reduced bandwidth isassumed to be no lessthan 1.4MHz, and the frequency location of
the reduced bandwidth is assumed to be fixed at the center of the carrier bandwidth. Technically, any
combination ofthe DL and UL options is possible. However, some of the combinations may make more practical

sense. For example, DL-2 would be a more naturalchoicethan DL-1 when combined with UL-2.

Note that this is not intended to be an exhaustive list of the possible options. Some interesting variations of these
options could allow the frequency location of the reduced bandwidth to be changed semi-statically, dynamically,
orina pre-defined pattern for each UE. Some of these variations could potentially allow more MTC UEs to be

supported in the system.

When a bandwidth for a downlink data channel is reduced since the above method of Option DL-2 or DL-3 is used for the
low-cost characteristicof the MTC UE, the MTC UE may be unable to operate smoothly only withtechniques of an
existing LTE-A system. Therefore, the present invention proposes operation techniques for the low-cost MTC UE which

operates with areduced bandwidth of a downlink data channel.

4. Invention Summary

< Figure1>

System bandvadthn —w

A. PDCCH transmission

As shown in <Figure 1>, a control channel (i.e., PDCCH) can be transmitted through an entire bandregion of a carrier
bandwidth for alow-cost MTC UE in a downlink environment, whereas a bandwidth of a data channel may be reducedto
a smaller value than the system bandwidth. In this case, the following operation may be performed for PDCCH

transmission for the low-cost MTC UE.

A next LTA-Asystem considers a technique of repetitively transmitting a channelsuchasa PDSCH, a PDCCH, or the likefor
coverage enhancement of the MTC UE. Here, itis considered that a channel such as a PCFICH, a PHICH, orthelike is not
be transmitted for the MTC UE. Therefore, in order for the MTC UE not tonecessarily receive PCFICH, the number of

OFDM symbols on which the PDCCH is transmitted may be assumedto be always 3 symbols. Altematively, the number of
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OFDM symbols may be notified to the terminal through PSS/SSS or PBCH transmission. In addition, alsoin the case ofan
MTC UE for which coverage enhancementis notapplied, it is assumed that an entire system bandwidth to be assumed for
bufferingis used tostore resource elements across anentire band onfirst three OFDM symbols in a normal CP case,and
other OFDM symbols are restricted to 6 PRB orreduced data bandwidth. Inaddition, when the entire bandis assumed for
first several OFDM symbols, the number of OFDM symbols may be signaled through a higherlayer, or may be designated
in association witha cell ID, or may be transferredto PBCH orthe like. In addition, whenthe terminal performs a cell
search, itmay be unconditionally assumed that the number of OFDM symbols received over the entire bandis 0.
Therefore, onlydata of a resource elementfor 6 PRBs can be stored.

Meanwhile, similarlyto alegacy LTE-A system, the number of OFDM symbols on whichthe PDCCH s transmitted may be
dynamically changedthroughindication via PCFICH orthelike. In this case, the UE may attempt toreceive a
channel/signal through an entire bandwidthin an OFDM symbol regionin which the PDCCH is transmitted, and may
attemptto receive a channel/signal only through a band region for a data channelin an OFDM symbol region after the
transmission of the PDCCHis ended.

The MTC UE may need toreceive up to 4 ports CRS in the entire bandin order to receive the PDCCH. In this case, in order
for the UE to receive a CRS of up to 4 ports, atleastfirst two OFDM symbols (i.e., OFDM symbol #0, OFDM symbol #1)
must be receivedas shown in<Figure 2>. However, for example, ifthe PDCCH is received only onone OFDM symbol as
shown in <Figure 2>, when the UE operates witha reduced bandwidth at which a data channelis transmitted from OFDM
symbol #2 on which transmission of a PDSCH starts, the UE cannotreceive the 4 ports CRSin an entire system bandwidth

region for receiving the PDCCH.
Therefore, the present invention proposes to regulate a reception bandwidth as follows whenthe MTC UE receives a
control channel through an entire region of a carrierbandwidth buta bandwidth for transmitting a data channelis

reduced.
- The UEreceivesa channel/signal through anentire system bandwidth regardless of the number of PDCCH
symbols on firsttwo OFDM symboals (i.e., OFDM symbol #0, OFDM symbol #1).
M The UEoperatesatanentire systembandwidth on an OFDM symbol after OFDM symbol #2 when a PDCCH is

transmitted on the corresponding symbol, and receives a channel/signal at a reduced bandwidth for a data channel

when a PDSCHis transmitted.

://,'/ I cRsporto
B8 crsportt
B crspon2
& B crsports
ﬁf 7] PDCCH
“eERTEE R

4—slot 0———— 4——slot 1——

<Figure 2>

- DCl format 1A
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When the UE transmits DCI format 1A on a PDCCH, the number of bits of a Resource block assignment field of DCI format

rlo NEE(NEE +1)/2 -]
1Ais determined as &2 (Vrp (VrB ¥2) . Here, l"ﬁ"l;represents a downlink bandwidth configuration and

expressed in number of resource blocks. Meanwhile, for the low-cost MTC UE, a bandwidth fortransmitting a data
channelmay be reduced to a smaller value than a system bandwidthin a downlink environment.

When N denotes the numberof RBs in DClformat 1A, the number of bits of DClIformat 1A may be always equal to the
number of bits of DCl format 0. Inthis case, in orderto equalize the number of bits of the DClformat 1A and the number
of bits of the DClformat 0, zero padding may be performed on a DCI format having a smaller number of bits. Inthe
presentinvention, when zero padding is performed ona DClformathaving a smaller number of bitsinorderto equalize
the number of bits of the DCI format 1A andthe number of bits of the DCI format 0, the number of bits of the DCIformat
1Ais referred toas N_1A_longand the number of bits of the DCI format 0 is referred toas N_0_long. Inthis case,

N_1A longand N_0_long have the same value.

DL
On the contrary, when N&8 denotes the number of RBs of a bandwidth at which a data channel canbe transmitted inthe

DCI format 1A, the number of bits of the DCI format 1A and the number of bits of the DCI format 0 may not be equalized.

Ifa bandwidth for transmitting a PDSCH is limited and NRs indicates the number of RBs of a bandwidthatwhicha data
channelcan betransmittedin an MTC environment, the size of a field forresource allocation of the DCI format 1A
decreases, andthus the differenceinlength between the DCl format 1A for the low-cost MTC UE and the DClformat 0

increases. In this case, zero padding thatis performedto equalize the number of bits of the DClformat 1A and the number

of bits of the DClIformat0 may cause anoverhead. In the presentinvention, when N indicates the numberof RBs of a
bandwidth at which a data channel can be transmitted in the DClformat 1A and zero-padding is not performed for
equalizing the number of bits of the DCI format 1A and the number of bits of the DCI format 0, the number of bits of the
DCl format 1Aisreferredto as N_1A_shortand the numberof bits of the DCl formatO isreferredto as N_0_short.

In this case, the presentinvention proposes to apply the value of N&s for transmittingthe Resource
block assignment field when the UE transmits DCl format 1A as the number of RBs of a downlink
system bandwidthrather thanthe number of bandwidth for transmitting a data channel. Thatis, the
presentinvention proposes thatthe UE assumes thatthe number of bits of the DCI format 1Ais always
equal toN_1A long. Furthermore, the presentinvention proposes thatthe UE assumes that the
number of bits of the DCI format 0 is always equalto N_0_long.

Alternatively, inorderto receive a PDCCH transmitted on a CSS, the UE may interpret l"ﬁmﬁasthe number of RBs of the
downlink system bandwidth rather than the number of RBs of the bandwidth at which a data channel canbe transmitted,
and as toa PDCCHtransmitted ona USS, may interpret NR asthe number of RBs of the bandwidthatwhicha data
channelcan betransmittedin a downlink environment. Alternatively, the UE mayinterpret N as the number of RBs of
the downlinksystem bandwidth rather than the number of RBs of the bandwidth at which a data channel canbe
transmitted ina PDCCH received using SI-RNTI (or another cell-specific RNTI), and may interpret l"ll':'kasthe number of RBs
of the bandwidth at which a data channel can be transmitted ina downlink environment ina PDCCH transmitted on
C-RNTI (or another UE-specific RNTI). That is, the present invention proposes thatthe MTC UE for which a bandwidth for
transmitting a data channel is reduced toa smaller value than the system bandwidth assumes that the number of bits of
the DCl format 1Aisequalto N_1A_longina PDCCH transmitted on CSS and the number of bits of the DCI format 1A s
equal to N_1A short in aPDCCH transmitted on USS. (Furthermore, the present invention proposes that the MTC UE for
which a bandwidth for transmitting a data channel reduced toa smaller value than the system bandwidth assumes that
the number of bits of the DCI format 0 is equalto N_0_longin a PDCCH transmitted on CSS and the number of bits of the
DCI format 0 equalto N_0_short in a PDCCH transmitted on USS.) In other words, when eNodeBtransmits the DCI format
1Aonthe CSSto a UE whichrequires coverage enhancementamong MTC UEs, "R%may indicate the number of RBs of the
downlink system bandwidth, and inorder to equalize the number of bits of the DCI format 1A and the number of bits of

the DCI format 0, zero padding maybe performed ona DCl formathaving a smaller number of bits so that the number of
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bits of the DCl format 1A becomes N_1A_long. (Furthermore, when eNodeB transmits the DClformat0 on the CSSto a
UE which requires coverage enhancementamong MTC UEs, inorder to equalize the number of bits of the DCI format 1A
and the number of bits of the DClformat O, zero padding may be performed on a DCI format having a smaller number of
bits so thatthe number of bits of the DCI format 0 becomes N_0_long.) When eNodeBtransmits the DCI format 1A on the
USS to the UE whichrequires coverage enhancement, Ng‘limay indicate the numberof RBs of the bandwidth at which a
data channel canbe transmitted, and the number of bits may be set toN_1A_short without having to perform zero
padding onthe DCI format 1A. (Furthermore, when eNodeB transmits the DClformat 0 on the USS tothe UE which
requires coverage enhancement, the number of bits may be set toN_0_short without having to perform zero padding on

the DCI format 0.)

Alternatively, whentransmitting DCl format 1A or another DCl format through a PDCCH, an MTC UE which requires
coverage enhancement may interpret l\'ﬂmﬁasthe number of RBs of the bandwidthat whicha data channelcan be
transmitted ina downlink environment, and other UEs may interpret Nlt':"liasthe number of RBs of the downlink system
bandwidth rather thanthe number of RBs of the bandwidth at which a data channel canbe transmitted. That is,a UE
which requires coverage enhancement among MTC UEs may assume that the number of bits of the DCl format 1A isequal

to N_1A short, and other UEs may assume thatthe number of bits of the DClformat 1Ais equal toN_1A long.

(Furthermore,a UE whichrequires coverage enhancementamong MTC UEs may assume thatthe number of bits of the
DCl format O isequalto N_0_short,and other UEs mayassume that the number of bits of the DCl format 0 is equal to
N_0_long.) In the case of transmitting DCl format 1A/0 onthe USS (or CSS), NRDgmay indicate the number of RBs of the
bandwidth at which a data channel can be transmitted, and the number of bits may be maintainedin differentstates
without having to perform zero-padding to equalize the bitlengths of the DCI format 0 and the DClformat 1A. In this case,
since the DCl format 0 and the DCI format 1A donothave the same bit length, the “Flag for format1/format1A
differentiation” fieldincluded inthe existing DCl formats 0 and 1A can be removed. In this case, ina particular
environment, the DCI format 0 andthe DClformat 1A have the same bit length. If the DCI format 0 andthe DClformat 1A
have the same bit length ina state inwhich the “Flag for formatl/format1A differentiation” field is removed, the UE
cannot differentiate the two DCl formats, and thus a technique for avoiding this situationis necessary. Therefore, to this
end, the presentinvention proposestoadd a “Flag for format1/format1A differentiation” field to the DCl format 0 and the
DCl format 1A todifferentiate the two DClformats whenthe DClformat0 and the DCl format 1A have the same bit
length. Alternatively, the present invention proposes to perform 1-bit zero-padding onthe DClformat 1A (or DCIformat 0)
to allow the two DCl formats to always have different lengths inorder to differentiate the two DCl formats when the DCl

format 0 andthe DClformat 1A have the same bit length.

In the case of transmitting DCI format 1A/0 on the USS (or CSS), Nnmﬁmay indicate the number of RBs of the bandwidth at
which a data channel can be transmitted, and the number of bits may be maintainedin different states without having to
perform zero-padding to equalize the bit lengths of the DCl format 0 and the DCI format 1A. In this case, if the downlink
systembandwidthisthe same as a downlink data transmission bandwidth of the UE, for example, if the downlink data
transmission bandwidth of the UEis 1.4 MHz and the downlink system bandwidth is also 1.4 MHz, eNodeB may trans mit
the DCI format 0 andthe DCIformat 1A by using the same methodas a legacy method. That is, if the downlinksystem
bandwidth is the same as the downlink data transmission bandwidth of the UE, for example, if the downlink data
transmission bandwidth of the UEis 1.4 MHz and the downlink system bandwidth is also 1.4 MHz, eNodeB may perform
zero padding on the DCI format having a shorterlength sothatthe DCI format 0 and the DCl format 1A have the same bit
length, and may perform transmission by adding the “Flag for format1/format1A differentiation” field to the DCI format O

and the DCIformat 1A to differentiate the two DCl formats.
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B. Transmission of Cell-specific PDSCH

When the MTC UE must receive a cell-specific PDSCH, the UE first searches for a DLgrant for receivinga PDSCH througha
common search space (CSS) regionof a PDCCH. In this case, the contents of cell-specific data (e.g.,SIB) to be transmitted
to the MTC UE may be configured to be different fromthe contents of cell-specificdata to be transmitted to a legacy UE.
In addition, even for MTC UEs of the same type, the contents of cell-specific datatobe transmitted toan MTC UE for
which a coverage enhancementtechniqueis required may be different fromthe contents of cell-specific datatobe

transmitted to another MTC UE for which a coverage enhancement technique is notrequired.

To this end, the present invention proposes to differently configure a CSS region of an MTC UE and a CSS region of a
legacy UE. Here, the CSS region may be an RE resource, PRB region, and/orsubframe region, orthe like of the CSS.
Furthermore, the presentinvention proposes todifferently configure the CSS region of an MTC UE for which a coverage
enhancement technique is required and the CSSregion of an MTC UE for which a coverage enhancement technique is not
required.

In this case, systeminformation RNTI (SI-RNTI) for MTC UEs may be created additionally, soastobe used as RNTI for
transmitting an SIB of the MTC or a cell-specific higher-layer signal. Additionally, SI-RNTI for an MTC UE having a coverage
issue maybe separately usedas RNTI for transmitting an SIB of the MTC UE having a coverageissue or a cell-specific

higher-layer signal.

The MTC UE may receive a configuration of a CSS region tobe used by the MTC UE from eNodeB througha master
informationblock (MIB) or SIB. Alternatively, since a regionin which a cell-specific PDSCH for the MTC UE is transmittedis
predetermined, the MTC UE maynot expect toreceivea PDCCH on CSS.

Unlike the case where legacy UEs acquire information ona PRBregionin which a cell-specific PDSCH s transmitted
through a DL grant transmitted on a CSS, a PRB region capable of transmitting a cell-specific PDSCH for an MTC UE in
which only a bandwidth capable of transmitting a data channel is reduced may be fixed to center 6 RBs. Alternatively, the
UE may receive, from eNodeB, a configuration of anRB region capable of transmitting a cell-specific PDSCH for the MTC

UE through the MIB, SIB, or the like.

Further, as another method, it may be considered thata cell-specific PDSCH is shared betweena normal UE, a low-cost
MTC UE, and a UE that requires coverage enhancement. In this case, for the low-cst MTC UE, it may be assumedthata
PDSCH is received on determined 6 PRBs, and an SIB may be unable tobe decoded with a PDSCH transmittedat one time.
Therefore, one SIB can be received by performing bundling by repeatedly reading a PDSCHa predetermined number (may
be assumed tobe transmitted through MIB or presetfor UE) of times. For example, whenit is assumedthat SIB1 is
transmitted on subframes #5/#25 (every 50 msec), a lost-cost MTC UE must read a PDSCH fourtimes onsubframes
H5/#25/#45 /#65 to decode the SIB1if the repetition number is configured tobe 4. Ifthe SIB is nottransmitted ona
subframe, decoding is attempted by reading the SIB the predetermined number of times on next frames. Alternatively,
the SIB may be read by continuously performing decoding as in the case of retransmission. If a PDSCH to be transmitted
exceeds 6 PRBs allocated to an MTC UE, a network eNB may assume that the PDSCH is punctured on a PRB other thanthe
6 PRBs, and may considerthis assumptionto allocate a resource of a next SIB PDSCH. Since a PDCCH may not be

successfully decoded for a UE that requires coverage enhancement, a CSS PDSCH may be transmitted toa predetermined

location ona predetermined subframe.

Furthermore, as another method, a CSS PDSCH maybe configured through a higher layer configuration or through MIB or

may be configured in advance sothat an MTC UE may not monitor the CSSPDSCH. Inthis case, the MIB may include a

Copy provided by USPTO from the IFW Image Database on 06/25/2014

IPR2025-00138
Petitioner's Exhibit 1011
Page 000062



necessary configuration for reading information such as SIB, and it is assumed that RNTI which has to read the SIBmay be
setin the MIB. Furthermore, a method of signaling an SIBwithout a PDCCH similarly to a PBCH including an MIB is not
excluded. Furthermore, an RNTI may be differently configured for an MTC UE which requires coverage enhancementand
an MTC UE which does not require coverage enhancement, and if each RNTI is configured in MIB or each PBCHis
transmitted separately, it may be assumedthatthe RNTI is configured in accordance with characteristics of the PBCH to
be read. Forexample, whenthe PBCHis transmitted for the low-cost MTC UE, an included RNTI may be usedto read a CSS
PDSCH or SIB of the low-cost MTC UE, and whenthe PBCH is transmitted for coverage enhancement, the included RNTI
may be used inSIB transmission of the UE which requires coverage enhancement. In this case, the RNTI may be regarded
as a USS. In this case, in order to decrease the number of RNTIs onwhich each UE must perform blind decoding, the RNTI
which must be read for each subframe for each UE may be higher-layersignaled or may be preconfigured. For example,
RNTI for SIB or CSS PDSCH may be decoded on subframes subframe #0/#5, and decoding may be performed with UE RNTI
on other subframes. Such a configuration may notify a subframe inwhicha CSS PDSCHor SIB is tobe read inthe formofa

bitmap ora period/offset, or, onthe contrary, may notify a subframe in which a USS PDSCH is to be read.

Transmission of UE-specific PDSCH

- PDSCH transmission with coverage enhancement

When there isan MTC UE witha reduced bandwidth forreceiving a data channel for low cost, a frequency location for
the data channel of the MTC UE may be: 1) fixed; 2) changed depending on a predetermine pattern; 3) semi-statically

configured;or 4) dynamically configured.

Meanwhile, since a coverage issue occurs for suchan MTC UE, techniques of PDSCH repetition/bundling orthe like may
be used for coverage enhancement of a PDSCH. Inthis case, when a frequency location (or RB region) at which a PDSCH is
transmitted is changed during subframe durationin which the PDSCH s repeated, the performance improvement effect

may be decreased due to cross-subframes channel estimation.

Therefore, the present invention proposes thatthe RB regionin which a PDSCH is transmittedis the same during PDSCH
bundlinginwhichreceptionof the same data is attempted, as shown in <Figure 3>. In this case, during PDSCH bundling in
which reception of datais attempted, the RB regionin which a PDSCH is transmitted may be the same as a PDSCHRB
region transmitted through the first subframe of the PDSCH bundle. Altematively, the presentinvention proposes that
during PDSCH bundling inwhich reception of the same datais attempted, a bandregion (frequencylocation forreceiving
PDSCH) in which a PDSCH can be transmittedis the same. In this case, during PDSCH bundling in which reception of data is
attempted, the band region (frequency location for receiving PDSCH) in which a PDSCH can be transmitted may be the
same asabandregion (frequency location for receiving PDSCH) in which a PDSCH applied inthe first subframe of the

PDSCH bundle canbe transmitted.
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PDSCH bundie

PDSCH bundie ——

B | (B

<Figure 3>

CSlreport

The UE performs CSlreportperiodicallyor aperiodicallyin order to report a downlink channel state toeNodeB. CSlis classified into

three types of information: Rank Indicator (Rl), Precoding Matrix Index (PMI), and CHannel Quality Indication (CQl), and the UE

transmits a portion orall of the information toeNodeB according to a situation.

The present invention assumes that, whenthe low-cost MTC UE uses a reduced bandwidth to receive a data channel, not only the data

channelbutalso other channels and reference signals are also received only in the data bandwidth region during the corresponding

PeriodicCSl report

When the MTC UE with a reduced bandwidth for receiving a data channel forlow cost performs periodic CSI report oneNodeB, the UE

must know which type of CQl feedback (e.g., wideband CQJ, sub-band CQl) should be performed forthe CQl report.

In this case, the followings may be considered as a CQl feedback methodthat can be used by the UE. Although the following

descriptionisaboutthe CQl, the same may also be applied not only to the CQl butalso to feedbackfor other information such

as Rl, PMI, etc.

= Wideband (for system bandwidth) CQl

The UE, in order toperform periodic CQl feedback, may report wideband CQl for a systembandwidthrather than a
bandwidth for data. When performing the CQl feedback, the UE device may measure the CQlfor the entire system
bandwidth byusing CSI-RS, CRS, or the like received by the UE, and may performfeedback aboutthe measurement. Even if
the MTC UE with a reduced bandwidthfor receiving a data channel fails to receive CSI-RS onall system RBs before
performing the CQl feedback and has received CSI-RS only onsome RBs, the MTC UE may estimate the CQl by using only the
received CSI-RS.

As another method for performing wideband CQl, the UE may measure the CQl for the entire bandwidth by using CRS
received during a period (e.g., period for receivinga PDCCH) in which the UE operates at the entire system bandwidth, and

may performfeedback for the measurement.

Alternatively, the UE may perform wideband CQl feedback for the bandwidth at which data is transmitted. Thatis, when
performing wideband CQl feedback, the UE may measure the CQl for the entire band regionin which the UE canreceive
data, and mayperformfeedback about the measurement.

* SubbandCQl

In the case of the MTC UE with areduced bandwidth for receiving a data channel, a band region for receiving data during
the duration for CQl feedback maybe composed of only a partial sub-band of the entire system bandwidth as shownin the
example of <Figure 4>.

In this case, sub-band CQl for the band region for receiving data during the duration for CQl feedback maybe fed back. For
example, when CQl feedback is performed on subframe K, the sub-band CQl for band regions for receiving dataon N
previous subframes fromthe subframe K maybe fedback. In this case, the value of N may be the same as the subframe
durationfor CQl feedback.
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In this case, when the MTC UE performs sub-band CQl feedback for CQl feedback, the UE mayfeed back informationabout
CQl values for best M sub-bands in the band region for receiving data during the duration for CQl feedback andindexvalues

ofthe corresponding sub-bands.
In this case, one sub-band may be composed of 6 RBs.

Alternatively, the UE may measure the CQl forthe sub-band by using CRS received during a period (e.g., period for receiving
a PDCCH) in whichthe UE operates atthe entire system bandwidth, and may perform feedback for the measurement.

Alternatively, the UE may receive RSs (e.g., CRS, CSI-RS) for an additional band region inaddition tothe band region for
receiving data and may measure CQ| for the corresponding sub-band region, and may feed the CQl measurements backto
eNodeB additionallyor independently. Forexample,as shown in(a) of <Figure 5>, whenthe UE receives a configuration of a
specificsub-band region fromeNodeB through RRC, PDCCH, or the like, the UE may receive an RS for the corresponding
sub-bandregionand may feed CQl informationaboutthe corresponding sub-bandback toeNodeB additionally or
independently. In this case, in order to notify information about the sub-band regionfor whichthe UE additionally measures
CQl, eNodeB may notify the value of a gap betweenthe bandregion for receiving data and the sub-band region for CQl
measurement.

Alternatively, a sub-bandin which the UE will additionally perform CQl measurement may be determined randomly or
determined autonomously by the UE. In this case, whenfeeding back CQlfor anadditionally measured sub-band region to
eNodeB, the UE should also notify sub-band index information about the sub-band region in which CQl has been measured.
A region in which the UE measures CQl by receiving an RS for anadditional sub-band region inaddition tothe bandregion
for receiving data maybe composed of M additional RBs for one side or both sides of the band regionfor transmitting data
as shownin (b) of <Figure 5>. Thatis, for example, whenthe UE is assigned RB #x to RB #x+a as a data band, the UE may
always measure CQl for a region of RB #x—M to RB #x+a+M and mayfeed back the CQl to eNodeB.

SFn SF n+k
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<Figure 4>
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<Figure 5>

AperiodicCSl report

In order for the MTC UE with a reduced bandwidth for receiving a data channelfor low costto perform aperiodic CSI report on eNodeB,
the UE must receive an indication for reporting an aperiodic CSl througha CSlrequest field ofa PDCCH (UL grant). At present, the CSI
requestfield is configured with 1 bit or 2 bits. Here, the CSI request field for the MTC UE may be always configured with 1 bit.

Here, the UL grantthat has instructed the MTC UE with a reduced bandwidth for receiving a data channel to performaperiodic CSI
report may be transmitted through “subframea”. Inthis case, for the CSI report for the request for the CSIreport, the MTC UE may

report CSI, RI,and PMI values for a band region for receiving a data channelon the “subframe a”. More specifically, when the aperiodic
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CSlreport request is received, a sub-band in which CSl report istobe performed maybe configured through a higher layer inadvance,
may be pre-designated, or may be transferred through the request. In this case, the UE may measure the CSI byusing CRS or CSI-RS
received inthe corresponding sub-band. In consideration of the case where the UE does notlistento the corresponding sub-band, a

valid downlinksubframe may be configured tobe downlink subframe index, inwhichthe request is received, +k (k >=1).

The UE may measure CSlI for the sub-band by using CRS received during a period (e.g., period for receiving a PDCCH) inwhichthe
UE operates at the entire system bandwidth, and may perform feedback for the measurement.
Alternatively, the UE may receive RSs (e.g., CRS, CSI-RS) for an additional band region inaddition tothe bandregion for receiving

data and may measure CSlfor the corresponding sub-band region, and may feed the CSI measurements back to eNodeB

additionally orindependently.
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E

For example, asshown in (a) of <Figure 5>, when the UE receives a configuration of a specific sub-band region fromeNodeB
through RRC, PDCCH (e.g., aperiodic CSlreportrequest field) or the like, the UE may receive an RS for the corresponding
sub-bandregionandmay feed CSlinformation about the corresponding sub-band back toeNodeB additionally or
independently. In this case, in order to notify information about the sub-bandregion for whichthe UE additionally measures
CQl, eNodeB may notify the value of a gap betweenthe bandregionfor receiving data and the sub-band region for CQl
measurement.

Alternatively, a sub-bandin which the UE will additionally perform CSI measurement may be determined randomly or
determined autonomously by the UE. In this case, whenfeeding back CSl for anadditionally measured sub-band region to
eNodeB, the UE should also notify sub-band index information about the sub-band region in which CSI has been measured.

A region in which the UE measures CSl byreceiving an RS for an additional sub-band region inadditionto the band region for
receiving data may be composed of M additional RBs for one side or both sides of the band region for transmitting data as
shown in (b) of <Figure 5>. That is, for example, when the UE is assigned RB #x to RB #x+a as a data band, the UE may always
measure CSlfor a region of RB #x-M to RB #x+a+M and may feed back the CSIto eNodeB.

Transmission of PMCH

The MTC UE, which has a delay tolerant characteristic andis optimized for receiving occasionally transmitted data, maynot
need to receive a PMCH. Furthermore, the MTC UE with a reduced bandwidth of a downlink data channel compared toa
systembandwidth for the low-cost characteristic may be unable to smoothly receive a PMCH.

Therefore, the present invention proposes thatthe MTC UE does notexpect to receive data (PMCH) in an MBSFNsubframe.
Specifically, the present invention proposes thatthe MTC UE does not expectto receive all data and control channels except
foran UL grant in an MBSFN subframe. Alternatively, the present invention proposes thatthe MTC UE does notexpectto
receive all of the data and control channelsin an MBSFNsubframe. More specifically, whenthe MTC UE cannot support TM9
and/or TM10, reception of all of the data and control channels may not be expected inan MBSFNsubframe, orreception of
the control/data channels except for the uplink grant may not be expected. To this end, capability signaling may be performed
to indicate whether the MTC UE supports the TM9 and/or TM10. More specifically, when the MTC UE cannot support TM9
and/or TM10, capability signaling may be additionally performed toindicate whetherthe UE can receive CSI-RS. Altematively,
even if the MTC UE cannot support TM9 and/or TM10, the MTC UE may be mandated toreceive CSI-RS.

Operation in special subframe

The number of downlink OFDM symbols to be received bythe UE on a special subframe varies depending on a special
subframe configuration. In the case of the UE which has a reduced buffersize compared to alegacy UE duetoa reduced data
bandwidth, although data for all REs cannot be stored in a normal downlink subframe, there may be a case where the data for
all REs can be stored in a special subframe.

Therefore, the present invention proposes thatthe MTC UE with a reduced bandwidth of a downlink data channel compared
to a system bandwidth operates atthe full bandwidth for all downlink OFDM symbols during DwPTS in special subframes with
special subframe configurations 0, 5.

In this case, eNodeB may transmit CSI-RS orthe like at the full bandwidth during DWPTS so thatthe UE with a reduced

bandwidth of a downlinkdata channel can perform CSI measurement for the full bandwidth.
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DESCRIPTION OF THE RELATED ART

Universal mobile telecommunications system (UMTS) is a 3rd Generation (3G)
asynchronous mobile communication system operating in wideband code division multiple access
(WCDMA) based on European systems, global system for mobile communications (GSM) and general
packet radio services (GPRS). The long-term evolution (LTE) of UMTS is under discussion by the 3rd
generation partnership project (3GPP) that standardized UMTS.

The 3GPP LTE is a technology for enabling high-speed packet communications. Many
schemes have been proposed for the LTE objective including those that aim to reduce user and
provider costs, improve service quality, and expand and improve coverage and system capacity. The
3G LTE requires reduced cost per bit, increased service availability, flexible use of a frequency band,
a simple structure, anopen interface, and adequate power consumption of a terminalas an
upper-level requirement.

FIG. 1is a block diagramillustrating network structure of an evolved universal
mobile telecommunication system (E-UMTS). The E-UMTS may be also referredto as an LTE system.
The communication network is widely deployed to provide a variety of communication services such
as voice (VolP) through IMS and packet data.

As illustrated in FIG. 1, the E-UMTS network includes an evolved UMTS terrestrial
radio access network (E-UTRAN), an Evolved Packet Core (EPC) and one or more user equipment.
The E-UTRAN may include one or more evolved NodeB (eNodeB) 20, and a plurality of user
equipment (UE) 10 may be locatedin one cell. One or more E-UTRAN mobility management entity
(MME)/system architecture evolution (SAE) gateways 30 may be positioned at the end of the
network and connected to an external network.

As used herein, “downlink” refers to communication from eNodeB 20 to UE 10, and
“uplink” refers to communication from the UE to an eNodeB. UE 10 refers tocommunication
equipment carried by a user and may be also referredto as a mobile station (MS), a user terminal
(UT), a subscriber station (SS) or a wireless device.

An eNodeB 20 provides end points of a user plane and a control plane to the UE 10.
MME/SAE gateway 30 provides an end point of a session and mobility management function for UE
10. The eNodeB and MME/SAE gateway may be connected via an S1 interface.

The eNodeB 20 is generally a fixed station that communicates with a UE 10, and may
also be referredto as a base station (BS) or an access point. One eNodeB 20 may be deployed per
cell. An interface for transmitting user traffic or control traffic may be used between eNodeBs 20.

The MME provides various functions including NAS signalling to eNodeBs 20, NAS

signalling security, AS Security control, Inter CN node signalling for mobility between 3GPP access
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networks, Idle mode UE Reachability (including control and execution of paging retransmission),
Tracking Area list management (for UE in idle and active mode), PDN GW and Serving GW selection,
MME selection for handovers with MME change, SGSN selection for handovers to 2G or 3G 3GPP
access networks, Roaming, Authentication, Bearer management functionsincluding dedicated
bearer establishment, Support for PWS (which includes ETWS and CMAS) message transmission. The
SAE gateway host provides assorted functions including Per-user based packet filtering (by e.g., deep
packet inspection), Lawful Interception, UE IP address allocation, Transport level packet marking in
the downlink, ULand DL service level charging, gating and rate enforcement, DL rate enforcement
based on APN-AMBRF or clarity MME/SAE gateway 30 will be referred to herein simply asa
“gateway,” butitis understood that this entity includes both an MME and an SAE gateway.

A plurality of nodes may be connected between eNodeB 20 and gateway 30 via the
S1interface. The eNodeBs 20 may be connected to each othervia an X2 interface and neighboring
eNodeBs may have a meshed network structure that has the X2 interface.

FIG. 2 is a block diagram depicting architecture of a typical E-UTRAN and a typical
EPC. Asillustrated, eNodeB 20 may perform functions of selection for gateway 30, routing toward
the gateway during a Radio Resource Control (RRC) activation, scheduling and transmitting of paging
messages, scheduling and transmitting of Broadcast Channel (BCCH) information, dynamic allocation
of resources to UEs 10 in both uplink and downlink, configuration and provisioning of eNodeB
measurements, radio bearer control, radio admission control (RAC), and connection mobility control
in LTE_ACTIVE state. Inthe EPC, and as noted above, gateway 30 may perform functions of paging
origination, LTE-IDLE state management, ciphering of the user plane, System Architecture Evolution
(SAE) bearer control, and ciphering and integrity protection of Non-Access Stratum (NAS) signaling.

FIGS. 3(a) and 3(b) are block diagrams depicting the user-plane protocol and the
control-plane protocol stack for the E-UMTS. As illustrated, the protocol layers may be divided into a
first layer (L1), a second layer (L2) and a third layer (L3) based upon the three lower layers of an
open system interconnection (OSI) standard model thatis well known in the art of communication
systems.

The physical layer, the first layer (L1), provides an information transmission service
to an upper layer by using a physical channel. The physical layer is connected with a medium access
control (MAC) layer located at a higher level through a transport channel, and data between the
MAC layer and the physical layer is transferredvia the transport channel. Between different physical
layers, namely, between physical layers of a transmission side and a receptionside, datais
transferredvia the physical channel.

The MAC layer of Layer 2 (L2) provides services to a radio link control (RLC) layer
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(which is a higher layer) via alogical channel. The RLClayer of Layer 2 (L2) supports the transmission
of data with reliability. It should be noted that the RLC layer illustrated in FIGS. 3(a) and 3(b) is
depicted because if the RLC functions are implemented in and performed by the MAC layer, the RLC
layer itself is not required. The PDCP layer of Layer 2 (L2) performs a header compression function
that reduces unnecessary control information such that data being transmitted by employing
Internet protocol (IP) packets, such as IPv4 or IPv6, can be efficiently sent over a radio (wireless)
interface that has arelatively small bandwidth.

A radio resource control (RRC) layer located at the lowest portion of the third layer
(L3) is only defined in the control plane and controls logical channels, transport channels and the
physical channels in relation to the configuration, reconfiguration, and release of the radio bearers
(RBs). Here, the RB signifies a service provided by the second layer (L2) for data transmission
between the terminal and the UTRAN.

Asillustrated in FIG. 3(a), the RLC and MAC layers (terminatedin an eNodeB 20 on
the network side) may perform functions such as Scheduling, Automatic Repeat Request (ARQ), and
Hybrid Automatic Repeat Request (HARQ). The PDCP layer (terminatedin eNodeB 20 on the network
side) may perform the user plane functions such as header compression, integrity protection, and
ciphering.

Asillustrated in FIG. 3(b), the RLCand MAC layers (terminatedin an eNodeB 20 on
the network side) perform the same functions for the control plane. As illustrated, the RRClayer
(terminatedin an eNodeB 20 on the networkside) may perform functions such as broadcasting,
paging, RRCconnection management, Radio Bearer (RB) control, mobility functions, and UE
measurement reporting and controlling. The NAS control protocol (terminated in the MME of
gateway 30 on the network side) may perform functions such as a SAE bearer management,
authentication, LTE_IDLE mobility handling, paging origination in LTE_IDLE, and security control for
the signaling betweenthe gatewayand UE 10.

The RRCstate may be divided into two different statessuch asa RRC_IDLEanda
RRC_CONNECTED. InRRC_IDLE state, the UE 10 may receive broadcasts of system information and
paging information while the UE specifies a Discontinuous Reception (DRX) configured by NAS, and
the UE has been allocated an identification (ID) which uniquely identifies the UE in a tracking area
and may perform PLMN selection and cell re-selection. Also, in RRC-IDLE state, noRRCcontext is
stored in the eNodeB.

In RRC_CONNECTED state, the UE 10 has an E-UTRAN RRC connection and a context
in the E-UTRAN, such that transmitting and/or receiving data to/from the network (eNodeB)

becomes possible. Also, the UE 10 can report channel quality information and feedback information
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to the eNodeB.

In RRC_CONNECTED state, the E-UTRAN knows the cell to which the UE 10 belongs.
Therefore, the network cantransmit and/or receive data to/from UE 10,the network can control
mobility (handover and inter-RAT cell change order to GERAN with NACC) of the UE, and the
network can perform cell measurements for a neighboring cell.

In RRC_IDLE mode, the UE 10 specifies the paging DRX (Discontinuous Reception)
cycle. Specifically, the UE 10 monitors a paging signal at a specific paging occasion of every UE
specific paging DRX cycle.

The paging occasion is a time interval during which a paging signal is transmitted.
The UE 10 has its own paging occasion.

A paging message is transmitted over all cells belonging to the same tracking area. If
the UE 10 moves from one tracking area to another tracking area, the UE will send a tracking area
update message to the network to update its location.

A physical channel transfers signaling and data between layer L1 of a UE and eNB. As
illustrated in FIG. 4, the physical channel transfers the signaling and data with a radio resource,
which consists of one or more sub-carriers in frequency and one more symbols in time.

One sub-frame, which is 1.0 ms. in length, consists of several symbols. The particular
symbol(s) of the sub-frame, such as the first symbol of the sub-frame, can be used for downlink
control channel (PDCCH). PDCCHs carries dynamic allocated resources, such as PRBs and MCS

A transport channel transfers signaling and data betweenthe L1 and MAC layers. A
physical channel is mapped to a transport channel.

Downlink transport channel types include a Broadcast Channel (BCH), a Downlink
Shared Channel (DL-SCH), a Paging Channel (PCH) and a Multicast Channel (MCH). The BCH is used
for transmitting system information. The DL-SCH supports HARQ, dynamic link adaptation by varying
the modulation, coding and transmit power, and both dynamic and semi-static resource allocation.
The DL-SCH also may enable broadcast in the entire cell and the use of beamforming. The PCH is
used for paging a UE. The MCH is used for multicast or broadcast service transmission.

Uplink transport channel types include an Uplink Shared Channel (UL-SCH) and
Random Access Channel(s) (RACH). The UL-SCH supports HARQand dynamic link adaptation by
varying the transmit power and potentially modulation and coding. The UL-SCH also may enable the
use of beamforming. The RACH is normally used for initial access to a cell.

The MAC sublayer provides data transfer services on logical channels. A set of logical
channel types is defined for different data transfer services offered by MAC. Each logical channel

type is defined according to the type of information transferred.
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Logical channels are generally classified into two groups. The two groups are control
channels for the transfer of control plane information and traffic channels for the transfer of user
plane information.

Control channels are used for transfer of control plane information only. The control
channels provided by MAC include a Broadcast Control Channel (BCCH), a Paging Control Channel
(PCCH), a Common Control Channel (CCCH), a Multicast Control Channel (MCCH) and a Dedicated
Control Channel (DCCH). The BCCH is a downlink channel for broadcasting system control
information. The PCCH is a downlink channel that transfers paging information and is used when the
network does not know the location cell of a UE. The CCCH is used by UEs having no RRCconnection
with the network. The MCCH is a point-to-multipoint downlink channel used for transmitting MBMS
control information from the network to a UE. The DCCH is a point-to-point bi-directional channel
used by UEs having an RRC connection that transmits dedicated control information between a UE
and the network.

Traffic channels are used for the transfer of user plane information only. The traffic
channels provided by MAC include a Dedicated Traffic Channel (DTCH) and a Multicast Traffic
Channel (MTCH). The DTCH is a point-to-point channel, dedicated to one UE for the transfer of user
information and can exist in both uplink and downlink. The MTCH is a point-to-multipoint downlink
channel for transmitting traffic data from the network to the UE.

Uplink connections between logical channels and transport channels include a DCCH
that can be mapped to UL-SCH, a DTCH that can be mapped to UL-SCH and a CCCH that canbe
mapped to UL-SCH. Downlink connections between logical channels and transport channels include
a BCCH that can be mapped to BCH or DL-SCH, a PCCH that can be mapped to PCH, a DCCH that can
be mapped to DL-SCH, and a DTCH that can be mapped to DL-SCH, a MCCH that can be mapped to
MCH, and a MTCH that can be mapped to MCH.

Itis known that different cause values may be mapped on the signature sequence
used to send messagesbetween a UE and eNB and that either Channel Quality Indicator (CQl) or
path loss and cause or message size are candidates for inclusion in the initial preamble. FIG. 5
illustrates different messages exchanged between a UE and eNB during initial access.

When a UE wishes to access the networkand determines a message to be
transmitted, the message may be linked to a purpose and a cause value maybe determined. The size
of theideal message number 3 illustrated in FIG. 5 may also be determined by identifying all
optional information and different alternative sizes, such as by removing optional information, or an
alternative “scheduling request” message may be used.

The UE acquires necessary information for the transmission of the preamble, UL
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interference, Pilot Transmit power and required Signal-to-Noise Ratio (SNR) for the preamble
detection at the receiver or combinations thereof. This information must allow the calculation of the
initial transmit power of the preamble. It is beneficial to transmit the uplink message in the vicinity
of the preamble from a frequency point of view in order to ensure that the same channel is used for
the transmission of the message.

The UE should take into account the uplink interference and the uplink path loss in
order to ensure that the network receives the preamble with a minimum SNR. The uplink
interference can be determined only in the ENodeB and, therefore, must be broadcast by the
ENodeB and received by the UE prior to the transmission of the preamble. The uplink pathloss can
be considered to be similar to the downlink pathloss and can be estimated by the UE from the
received Rx (receiver) signal strength when the transmit power of some pilot sequence of the cell is
known to the UE.

The required uplink SNR for the detection of the preamble would typically depend
on the NodeB configuration, such as a number of Rx antennasand receiver performance. There may
be advantagesto transmitting the rather static Transmit power of the pilot and the necessary uplink
SNR separately form the varying uplink interference and possibly the power offset required between
the preamble and the message.

The initial transmission power of the preamble can be roughly calculated according
to the following formula:

Transmit power = TransmitPilot - RxPilot + ULInterference + Offset + SNRRequired.

Therefore, any combination of SNRRequired, ULInterference, TransmitPilot and
Offset can be broadcast. In principle, only one value must be broadcast This is essentially the
method in current UMTS systems, although the UL interference in LTE will mainly be neighboring cell
interference that is probably more constant thanin UMTS.

The UE determines the initial uplink transmit power for the transmission of the
preamble as explained above. The receiverin the eNB is able to estimate the absolute received
power as well as the relative received power compared to the interference in the cell. The eNB will
consider a preamble detected if the receivedsignal power comparedto the interferenceis above an
eNB known threshold.

The UE performs power ramping in order to ensure thata UE can be detected even
if the initially estimated transmission power for the preamble is not adequate. Another preamble
will most likely be transmitted if no acknowledgement or a negative acknowledgement is received
by the UE before the next random access attempt. The transmit power of the preamble can be

increased, and/or the preamble can be transmitted on a different uplink frequency in order to
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increase the probability of detection. Therefore, the actual transmit power of the preamble that will
be detected does not necessarily correspond to the initial transmit power of the preamble as initially
calculated by the UE.

The UE must determine the possible uplink transport format The transport format,
which may include Modulation and Coding Scheme (MCS) and a number of resource blocks that
should be used by the UE, depends mainly on two parameters, specifically the SNR at the eNB and
the required size of the message to be transmitted.

In practice, a maximum UE message size, or payload, and a required minimum SNR
correspond to each transport format. In UMTS, the UE determines before the transmission of the
preamble whether a transport format can be chosen for the transmission according to the estimated
initial preamble transmit power, the required offset between preamble and the transport block, the
maximum allowed or available UE transmit power, a fixed offset and additional margin. The
preamble in UMTS need not contain any information regarding the transport format selected by the
UE since the network does not need to reserve time and frequency resources and, therefore, the
transport formatis indicated together with the transmitted message.

The eNB must be aware of the size of the message that the UE intends to transmit
and the SNR achievable by the UE in order to select the correct transport format upon reception of
the preamble and then reserve the necessary time and frequency resources. Therefore, the eNB
cannot estimate the SNR achievable by the UE according to the received preamble because the UE
transmit power compared to the maximum allowed or possible UE transmit power is not known to
the eNB, given that the UE will most likely consider the measured path loss in the downlink or some
equivalent measure for the determination of the initial preamble transmission power.

The eNB could calculate a difference betweenthe path loss estimatedin the
downlink compared and the path loss of the uplink. However, this calculationis not possible if power
ramping is used and the UE transmit power for the preamble does not correspond to the initially
calculated UE transmit power. Furthermore, the precision of the actual UE transmit power and the
transmit power at which the UE is intended to transmit is very low. Therefore, it has been proposed
to code the path loss or CQl estimation of the downlink and the message size or the cause value in
the uplink in the signature.

Brief Description of the Drawings

FIG. 1 illustrates a block diagramillustrating network structure of an evolved
universal mobile telecommunication system (E-UMTS).

FIG. 2 illustrates a block diagram depicting architecture of a typical E-FUTRAN and a
typical EPC.
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FIG. 3(a) illustrates the user-plane protocol for the E-UMTS.

FIG. 3(b) illustrates the control-plane protocol stack for the E-UMTS

FIG. 4 illustrates a Structure of the physical channel.

FIG. 5 illustrates a Random Access procedure for E-UTRAN initial access.

FIG. 6 illustrates a block diagram of a mobile station (MS) or access terminal (AT)

according to the present invention.
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Fig. 3b
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Fig. 5
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