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Attorney Docket No. UT13-0772-US
Section 1

Provisional Application

T e e— Do Sy w e P MTCUE e st e e o

1. Purpose of Invention
2 YYoM = low-cost 4 93l PDSCH F& BWE =0 MTC UEEQ| downlink data 2 7|HES
H|otstct.

2. Prior Arts

Techniques, apparatus and systems described herein can be used in various wireless access technologies such as
code division multiple access (CDMA), frequency division multiple access (FDMA), time division multiple access
(TDMA), orthogonal frequency division multiple access (OFDMA), single carrier frequency division multiple access
(SC-FDMA), etc. The CDMA may be implemented with a radio technology such as Universal Terrestrial Radio Access
(UTRA) or CDMA2000. The TDMA may be implemented with a radio technology 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 is a part of a universal
mobile telecommunication system (UMTS). 3rd generation partnership project (3GPP) long term evolution (LTE) is a
part of an evolved-UMTS (E-UMTS) using the E-UTRA. The 3GPP LTE employs the OFDMA in downlink and employs
the SC-FDMA in uplink [1]. LTE-advanced (LTE-A) is an evolution of the 3GPP LTE. For clarity, this application focuses
on the 3GPP LTE/LTE-A. However, technical features of the present invention are not limited thereto.

LTE system architecture

Radio Frame
Slot
#0 | #©1 | % | #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 (TTI). 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
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,
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Attorney Docket No. UT13-0772-US
Section 1

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 in the slot may be modified in various manners.

One downlink slot

/ N,
7 OFDM symbols
T T T 11
[T T 11

Resource block

/ 12x7 resource elements

Resource element

v

N™ x 12 subcarriers

12 subcarriers

Figure 2. Resource grid for one downtfink slot

In Figure 2, a downlink slot includes a plurality of OFDM symbols in time domain. It is described herein that one
downlink slot includes 7 OFDM symbols, and one resource block (RB) includes 12 subcarriers in frequency domain
as an example. However, the present invention is not limited thereto. Each element on the resource grid is referred
to as a resource element (RE). One RB includes 12x7 REs. The number NDL of RBs included in the downlink slot
depends on a downlink transmit bandwidth. The structure of an uplink slot may be same as that of the downlink

slot.

Data region
NN
NN
1st slot { 2nd slot

]
|
~

Subframe
Time

Figure 3. Structure of downlink subframe

In Figure 3, a maximum of three OFDM symbols located in a front portion of a first slot within a subframe
correspond to a control region to be assigned with a control channel. The remaining OFDM symbols correspond to
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Attorney Docket No. UT13-0772-US
Section 1

a data region to be assigned with a physical downlink shared chancel (PDSCH). Examples of downlink control
channels used in the 3GPP LTE includes a physical control format indicator channel (PCFICH), a physical downlink
control channel (PDCCH), a physical hybrid ARQ indicator 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 transmission and carries an HARQ
acknowledgment (ACK)/not-acknowledgment (NACK) signal. Control information transmitted through the PDCCH is
referred to as downlink control information (DCJ). The DCI includes uplink or downlink scheduling information or
includes an uplink transmit (Tx) power control command for arbitrary UE groups.

The PDCCH may carry a transport format and a resource allocation of a downlink shared channel (DL-SCH), resource
allocation information of an uplink shared channel (UL-SCH), paging information on a paging channel (PCH), system
information on the DL-SCH, a resource allocation of an upper-layer control message such as a random access
response transmitted on the PDSCH, a set of Tx power control commands on individual UEs within an arbitrary UE
group, a Tx power control command, activation of a voice over IP (VoIP), etc. A plurality of PDCCHs can be
transmitted within a 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 a logical allocation unit used
to provide the PDCCH with a coding rate based on a state of a radio channel. The CCE corresponds to a 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 PDCCH format according to a DCI to be transmitted to the UE, and attaches a cyclic redundancy
check (CRQ) to control information. The CRC is masked with a unique identifier (referred to as a radio network
temporary identifier (RNTD) according to an owner or usage of the PDCCH. If the PDCCH s for a specific UE, a
unique identifier (e.g, cell-RNTI (C-RNTI) of the UE may be masked to the CRC. Alternatively, if the PDCCH is for a
paging message, a paging indicator identifier (e.g, paging-RNTI (P-RNTI)) may be masked to the CRC. If the PDCCH
is for system information (more specifically, a system information block (SIB) to be described below), a system
information identifier and a system information RNTI (SI-RNTI) may be masked to the CRC. To indicate a random
access response that is a response for transmission of a random access preamble of the UE, a random access-RNTI
(RA-RNTI) may be masked to the CRC.

Control J'
Region § -
> ‘\\
ReD;i(:n 1 RB pair
Oneslot _|  Onesiot |
Freq. Subframe
Time

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 and a data region. The
control region is allocated with a physical uplink control channel (PUCCH) for camrying 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 UE
is allocated to an RB pair in a subframe. RBs belonging to the RB pair occupy different subcarriers in respective two
slots. This is called that the RB pair allocated to the PUCCH is frequency-hopped in a slot boundary.

BS (base station) (10) UE (user equipment) (20)
PROCESSOR RF UNIT PROCESSOR RF UNIT
(11) 13) @2n (23)
>
MEMORY MEMORY
(12 (22)

Figure 5. System for implementing present invention

In Figure 5, a wireless communication system includes a BS 10 and one or more UE 20. In downlink, a transmitter
may be a part of the BS 10, and a receiver may be a part of the UE 20. In uplink, a transmitter may be a part of the
UE 20, and a receiver may be a part of the BS 10. A BS 10 may include a processor 11, a memory 12, and a radio
frequency (RF) unit 13. The processor 11 may be configured to implement proposed procedures and/or methods
described in this application. The memory 12 is coupled with the processor 11 and stores a variety of information to
operate the processor 11. The RF unit 13 is coupled with the processor 11 and transmits and/or receives a radio
signal. A UE 20 may include a processor 21, a memory 22, and a RF unit 23. The processor 21 may be configured to
implement proposed procedures and/or methods described in this application. The memory 22 is coupled with the
processor 21 and stores a variety of information to operate the processor 21. The RF unit 23 is coupled with the
processor 21 and transmits and/or receives a radio signal. The BS 10 and/or the UE 20 may have single antenna and
multiple antennas. When at least one of the BS 10 and the 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 muttiple CCs (component carriers) is now being 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 operation as in conventional systems. As
shown in Figure 6 (b), a UE can monitor and receive DL signal/data from multiple DL CCs at the same time. However,
even if a cell is managing N DL CCs, the network may configure a UE with M DL CCs where MzN so that the UE's
monitoring of the DL signal/data is limited to those M DL CCs. In addition, the network may configure L DL CCs as
the main DL CCs from which the UE should monitor/receive DL signal/data with a priority, either UE-specifically or
cell-specifically, where L<Mx<N.
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Figure 6. Subframe structure of 3GPP LTE Release-8 system and LTE-A system with CC aggregation
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Synchronization signal (SS) in LTE-A FDD
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Reference signal (RS) in LTE-A

In general, data can suffer from easily through wireless channel (so called frequency selective channel. So reference
signal that already known to both Tx and Rx should be transmitted with data information at the 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 classified into a dedicated RS (DRS) and a common

IPR2025-00138
Petitioner's Exhibit 1022
Page 000017

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



Attorney Docket No. UT13-0772-US
Section 1
RS (CRS). That is to say, the DRS is known to specific UE and the CRS is known to all UEs. We call a RS for

CQI/PMI/RI reporting channel quality indicator CRS (CSI-RS). The DRS can be called as UE-specrfic RS.

Control Control
Information Region Information Region
- -+
A A H
1]3 1]2 : 1|3 1]2 [

1 Resource Block
N
-
w
-
1 Resource Block
[N
=
' w

113 112 113 1]2
\1 K X 3 1] 1 ' H B 3 [ 1Hj
I=0 I1=61=0 I=6 =0 I1=51=0 [=5
Slot 0 Slot 1 Slot 0 Slot 1
-“+—p
a2
DownlLink Subframe ‘ DownLink Subframe .y
- e > < —»
a9 : a3 10

A3 9and 38 10 show the RS structure of both normal CP case and extended CP case, respectively for 3GPP LTE

EI mean cell specific common RS to be

transmitted for channel measurement and data demodulation commonly for each antenna port 0-3. In addition, UE-

system which supports up to four number of antenna. Here,

specific RS, 2 i3, is supported for single-antenna port transmission of PDSCH. The UE is informed by higher layers
whether the UE-specific RS is present or not and is a valid when only corresponding PDSCH is mapped. The UE
specific RS is just transmitted in resource elements if data demodulation is needed.

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

[Equation 1}
CRS
k=6m+(v+vy, Jmod6 0 if p=0and/=0
0,N2:, -3 if pe {0} 3 if p=0and/=0
I=1 i pefs)  vel if p=land/=0
L PEE o if p=land/=0
m=0,1,...,2-NRB -1 3(": m0d2) ifp=2
m'=m+ Np~PL _ NOL 3+3(n, mod2) if p=3
Vair = N2 mod 6
DRS
Normal CP Extend CP
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k=(k"Ymod N3° + N2 . npy
L[ dmavgg if 1 e 2,3}
={4m‘+(2+vm)mod4 if 1 < {5,6} k=@)mod N + N3P - npey

3 I'=0 k,={ 3m+v, ifl=4

6 I'=1 3mM'H(2+ Ve )mod3 if /=1
=12 re2 1={4 I e{0,2}

5 I'=3 1 =1
1,={0,1 if n,mod2=0 l,={o if n,mod2=0

23 ifn,mod2=1 1,2 ifn,mod2=1
m'=0,l,...,3NEDSCH _q m'=0,1,.., 4 NFDS®H _1

Vaie = N mod3

DL cell
Here, k and P mean subcarrier index and antenna port. And N RB, ns, Np mean number of RB

allocated for DL, slot index, cell ID. Note that given RS positioning depends on V-shift values in terms of frequency
domain.

Reference signal (RS) in LTE-A

The SRS, which are not associated with uplink data and/or control transmission, are primarily used for channel
quality estimation to enable frequency-selective scheduling on the uplink. However, they can be used for other
purposes such as to enhance power control or to support various start-up functions for UEs not recently 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 resource is
assigned selectively for the first slot of a subframe and hops pseudorandomly to a different frequency in the second
slot. In addition, SRS can be used for downlink channel quality estimation under the assumption that the wireless
channel is reciprocal between the uplink and downlink. This assumption is especially valid in a time division duplex
(TDD) system where the uplink and downlink share the same frequency spectrum and are separated in time domain.

The subframes in which SRS are transmitted by any UE within the cell are indicated by cell-specific broadcast
signalling. A 4-bit cell-specific ‘srsSubframeConfiguration’ parameter indicates 15 possible sets of subframes in which
SRS may be transmitted within each radio frame. This configurability provides flexibility in adjusting the SRS
overhead depending on the deployment scenario. A 16th configuration switches the SRS off completely in the cell,
which may for example be appropriate for a cell serving primarily high-speed UEs. The SRS transmissions are always
in the last SC-FDMA symbol in the configured subframes, as shown in 12 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 symbol in every subframe) of ~7%.

-— $10:0= 05 irs - R 1= LS mA —
18 to#1 [a] w2 [a]uews [ILBHG o, (ows [o]iews [o]Lew7 [o]Laws [ v el encplRin]y wnzl&.stm
eubframe = 1 me —

28 11. Uplink subframe configuration with SRS symbol
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Each SRS symbol is generated by basis sequences (random sequence or ZC-based sequence set) where for a given
time instance and bandwidth all the UEs in a cell use a same basis sequence while SRS transmissions from multiple
UEs in a same time and band in a cell are distinguished orthogonally by different cyclic shifts 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 orthogonality is not guaranteed between different basis sequences.

CoMP (coordinated multiple point transmission and reception)

In order to reach the requirement of LTE-advanced, coordinated multipoint (CoMP) transmission (it is usually
renamed as co-MIMO, colfaborative MIMO, network MIMO, etc) has been proposed so far for system performance
enhancement. CoMP is expected to increase cell-edge UE performance and enhance average sector throughput. In
general, inter-cell interference (ICT) reduces cell-edge UE performance and average sector throughput under multi-
cell environment with frequency reuse factor 1. To mitigate IC], the simple passive technique (i.e, fractional
frequency reuse (FFR) with UE specific power control) was employed in LTE system in order to provide reasonable
throughput performance for the cell-edge UEs in the interference-limited environment. Instead of reducing
frequency resource usage per cell, it is more beneficial to reuse IC1 as a desired signal or mitigate the ICL

For downlink case, CoMP schemes can be categorized as follows:

Joint Processing (JP): data is available at each point in CoOMP cooperating set

Joint Transmission: PDSCH is transmitted from multiple points (part of or entire CoMP cooperating set) at a time.
Data to a single UE is simultaneously transmitted from muitjple transmission points, eg. to (coherently or non-
coherently) improve the received signal quality and/or cancel actively interference for other UEs

Dynamic cell selection: PDSCH is transmitted from one point at a time (within CoMP cooperating set)

Dynamic cell selection with muting: PDSCH is transmitted from one point and some points within CoMP
cooperating set do not transmit any data and contro! signal on the resource elements where PDSCH is transmitted.

Coordinated Scheduling/Beamforming (CS/CB): Data is only available at serving cell (data transmission from that
point) but user scheduling/beamforming decisions are made with coordination among 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 foliows:

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 point but user
scheduling/beamforming decisions are made with coordination among cells corresponding to the CoMP
cooperating set.

Downlink channel state information (CSI) feedback

3 LTE 2F0M= A9 e glo] 28&|= open-loop MIMORY, closed-loop MIMO 5 7}X| &4l HiAlOf
EX3HY closed-loop MIMO OfAj:= MIMO QHE|LLS| multiplexing gaing 7| s & 44l B2 242t &Y Fs

"
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S CSIE HI'E22E beamforming € $=¥$ICL 7|22 CSIE 7| Ys) UEOH| PUCCH(Physical Uplink Control
CHannel) &= PUSCH(Physical Uplink Shared CHannel)& 2610] downlink CSIZ2 m=Hy St & Hsict

CSIi= RI(Rank Indicator), PMI(Precoding Matrix Index), CQI(Channel Quality Indication) M|7}X| HE= 3
EFECERE 2E2| rank BEE LIEHHD, UEZ7t Y Fhig: A2 XIS S8 $4 8} stream@] 7|25
ojnjgtct of gk2 99| long term fading0i] 2l dominant &} ZME|DE PM, CQl &t 2t 4 o 71
F71& ZHXI3 UEOIM ZIX|FeR e £ich £ #HilE, PMI= Xdo| 37 EMS HYsE 222 SINR <2
metricg 7| F22 UE7} MB8He 7|X|=Q| precoding index® LIEMACE CQI= KEO| A|7|E LEH|= oz
S 7IXIF0| PMIF O|2HE O Y2 5 U= =4l SINRS 2|OjtCt.

LTE-ASt 22 RO} ZEE 4 AAH AL MU-MIMO (multi-user MIMO)E 0|83} ZI71E{ o multi-user
diversity& 2= 20| FIIEIQACE O1F 9fof M2 TEY BHME 2L 52 accuragy?t RTEICE 1 0|9&
MU-MIMOOjIA &= QHE||L} domainOflA] multiplexing £l UEZtO| ZHY &Y EX|317| m2o| mEW X
accuracyZt TEUE 221 UE % ofL|a} multiplexing &l CH2 UEQ] ZHO|E 2 @&k2 OJX|7| m=o|ct.
matA LTE-AOIME= TEH ki accuracy® £0|7| I8l %= PMIE long term and/or wideband PMIQ! WlQ}
short term and/or sub-band PMIQI W2 B2 LI%0] MAsH= 210 ZXEQUCH

F X2 EREH StLto| 2|5 PMIZ T48H= hierarchical codebook transformation 2FA10] GJA|Z Ofeie}
#0] AM'22| long-term covariance matrix& 0|8 3}0] codebookS transformd}= Z40] QLC}.

W = norm{ WI1W2) )

 =20jA W2 (=short term PMD{= short-term Xjj'd HE2E Hrys}7} 93l BHE0{Zl codebooke| codeword
0|, W 2 transformEl #|F codebook®| codeword, norm(A) 2 #& A 9| zt column ¥ normo| 12
normalizationsl ¥ o|oj$ict

71 Wit w2 RRE el RAE Chgat 2tk

&4 0
5 X[ 0 . .
W) = 0 x I where X is Nt/2 by M matrix.
N .
W2(j)= . ;. | (if rank=r1), where 1<k,/,m <Mandk,/,m areinteger.
ae, pe, ve,

47| codeword RZE L cross polarized antenna® AF838H= St QHE|LL 7t 7H240] RUS AR (EAF OIF
SHE|LE ZF 2|7t M= ThEre| gt ofstel AR ST WAMSH: A'del correlation S48 HYSto MAS
T-Z0|L}. Cross polarized QHE|LLS| HQ OHE|LIE horizontal antenna group} vertical antenna group L2 &2
g = =0l 2t et 2182 ULA(uniform linear amay) OHE|LES] S48 7HX|0, £ QL 128 co-
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located=|0] QUC MEtA 2t 28| OHEjLL ZF correlation &Yt linear phase increment £4-2 7+X|0{, OHE|L}
& b correlation 2 phase rotationEl £4g ZH=r} Codebooke A= M@ & quantization & Zto|7] R0
sourcedf siEtet AEo| EHE Jrh= BHYSI0] codebookS MASHe 20| WRIICL MPO| HolS S
#7| =R QE rank 1 codewordE 0|2 SW 0[2{3 XY =M0| £4] 02 ME3}= codewordo
Q= ASE Folg 5 Aok

WI() * W2( j)=[ X6 }

a X (k)

2 A0|M codewordi= Nt (Tx QHEJL} %) by 1 o} vector2 BHE|H A2 vector X"(k) o} 32| vector
a X (k) '

=2 73 =jojln, ZH2ke horizontal antenna groupi} vertical antenna group2| correlation EMS

HojFELC} x‘(k)E 2} QtEfjLt A& o OtE|L} Zt comelation M S BrY 5l linear phase increment® ZHe=
HElZ BHSH= 20| Q23510 CHEXQ! 0|2 DFT 82 0|R% <= Qr}

ES COMPE SIAME BLt 58 XY accuracyZt LR3I} CoMP 12| 242 ol8| 7|X|=0| &F UEO#
YT HOIEE ©Y TSSIRR O|EX2E QHLITL X|2|Ho2 SAE|0] Y MIMO AlAEOR 2b= B A
ULt &, JTOM MU-MIMOE 3l= AT single A MU-MIMOS} O}&H7FX| 2 co scheduling &&= UEZ} ZIMS
Wok7| fieh &2 $FC| X accuragyZt 27 EICk CoMP CB| Z SA| QIF Mo| AY Moy =& 7hde
2|O5to] fishA Hugt MY M=ot PRI

Restricted RLM and RRM/CSI measurement

Interference coordination2| 3t WO = aggressor 0| Y= physical channel®| transmission power/activityE
EO0|= (zero power2 HH3H= SXIX] ZR) silent subframe(almost blank subframe; ABSE} 22 45 9IS)e
AHE3LD victim 40| O|& 12{8l0] UEE schedulingdli time domain inter-Al interference coordinationO|
7Hs5tL} O] AL victim 4 UES] IE0A4&= interference levelO) subframe0] et 32| WSISHA E|=G|, o=
HZO|M 2t subframeOfjAe] WL} HESH radio link monitoring(RLM)O|L} RSRP/RSRQ 58 measured}= radio
resource management (RRM) &2t $¥38}7{Lt link adaptation® $8lA] channel state information(CSD &
H7817] I8l M, 47| monitoring/measurementi= RSt interference S48 XL subframeQ| setS iz
H|gt=|O|OF Lt 3GPP LTE systemOjj A= O} 20| restricted RLM and RRM/CSI measurement?} 2| QiC}.

UE procedure for reporting Channel State Information (CSI)

The time and frequency resources that can be used by the UE to report CSI which consists of channel quality
indicator (CQY), precoding matrix indicator (PMI), precoding type indicator (PTI), and/or rank indication (RI) are
controlled by the eNB. For spatial multiplexing, as given in [3], the UE shall determine a RI corresponding to the
number of useful transmission layers. For transmit diversity as given in [3], Rl is equal to one.
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A UE in transmission mode 8 or 9 is configured with or without PMI/RI reporting by the higher layer parameter pmi-
RI-Report.
A UE is configured with resource-restricted CSI measurements if the subframe sets Cesro and Cggyy are
configured by higher layers.
CSl reporting is periodic or aperiodic.
If the UE is configured with more than one serving cell, it transmits CSI for activated serving cell(s) only.

If a UE is not configured for simultaneous PUSCH and PUCCH transmission, it shall transmit periodic CSI reporting
on PUCCH as defined hereafter in subframes with no PUSCH allocation.

If a UE is not configured for simultaneous PUSCH and PUCCH transmission, it shall transmit periodic CSI reporting
on PUSCH of the serving cell with smallest ServCellindex as defined hereafter in subframes with a 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
CQI/PMI reporting, RI reporting is transmitted only if the configured CSI feedback type supports RI reporting.

Aperiodic CSI reporting using PUSCH

A UE shall perform aperiodic CSI reporting using the PUSCH in subframe n+k on serving cell ¢, upon decoding in
subframe 7 either:

- an uplink DA format, or
- a Random Access Response Grant,

for serving cell ¢ if the respective CSI request field is set to trigger a report and is not reserved. If the CSI request
field is 1 bit [4], a report is triggered for serving cell ¢ if the CSI request field is set to ‘1", If the CSI request field
size is 2 bits [4], a report is triggered according to the value in Table 7.2.1-1A corresponding to aperiodic CSI
reporting.

A UE is not expected to receive more than one aperiodic CSI report request for a given subframe.

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

Value of CSI request field Description
’00° No aperiodic CSI report is triggered
‘01’ Aperiodic CSI report is triggered for serving cell ¢

Aperiodic CSI report is triggered for a 1 set of serving|
cells configured by higher layers

$107

Aperiodic CSI report is triggered for a 2™ set of
serving cells configured by higher layers

t]ls

PDCCH assignment procedure in LTE-A
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The control region of each serving cell (i.e. CC) consists of a set of CCEs, numbered from 0 to Neegy —1, where
Necg, is the total number of CCEs in the control region of subframe & . The UE shall monitor a set of PDCCH
candidates on one or more activated serving cells as configured by higher layer signaling for control information in
every non-DRX subframe, where monitoring implies attempting to decode each of the PDCCH:s in the set according
" to all the monitored DCI formats.

The set of PDCCH candidates to monitor are defined in terms of search spaces, where a search space S,EL) at
aggregation level L e {1,2,4,8} is defined by a set of PDCCH candidates. For each serving cell on which PDCCH is
monitored, the CCEs corresponding to PDCCH candidate /m of the search space S,((L) are given by

L {(@, +mymod | Nocpy /L) }+i

where Y, is defined below, i=0,---,L—1. For the common search space m'=m . For the UE specific search
space, for the serving cell on which PDCCH is monitored, if the monitoring UE is configured with carrier indicator
field then m’'=m+M©D. ncy where ngyp is the carrier indicator field value, else if the monitoring UE is not
configured with carrier indicator field then m’=m, where m=0,---,MD ~1. MD is the number of PDCCH
candidates to monitor in the given search space.

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

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

The UE shall monitor the common search space for PDCCH without carrier indicator field. For the serving cell on
which PDCCH is monitored, if the UE is not configured with a carrier indicator field, it shall monitor the UE specific
search space for PDCCH without carrier indicator field, if the UE is configured with a carrier indicator field it shall
monitor the UE specific search space for PDCCH with carrier indicator field.

A UE is not expected to monitor the PDCCH of a secondary cell (i.e, SCC) if it is configured to monitor PDCCH with
carrier indicator field corresponding to that secondary cell in another serving cell. For the serving cell on which
PDCCH is monitored, the UE shall monitor PDCCH candidates at least for the same serving cell,
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A UE configured with carrier indicator field for a given serving cell and configured to monitor PDCCH candidates
with CRC scrambled by C-RNTI with a common payload size and with the same first CCE index necg inthe

- common search space
- UE specific search space

may assume that only the PDCCH in the common search space is transmitted by the primary cell.

A UE configured to monitor PDCCH candidates in a given serving cell with a given DCT format size with CIF, and
CRC scrambled by C-RNT], where the PDCCH candidates may have one or more possible values of CIF for the given
DI format size, shall assume that a PDCCH candidate with the given DCI format size may be transmitted in the
given serving cell in any UE specific search space corresponding to any of the possible values of CIF for the given
DdI format size.

The aggregation levels defining the search spaces are listed in Table 12. The DCI formats that the UE shall monitor
depend on the configured transmission mode per each serving cell.

For the common search spaces, ¥, is set to O for the two aggregation levels L =4 and L = 8. For the UE-
specific search space S at aggregation level L, the variable ¥, is defined by

Y, =(4-Y, ,)mod D
Where Y., =ngyr =0, A=39827, D=65537 and k=|n,/2], n is the slot number within a radio frame. The
RNTI value used for n,,,, is defined in [3] as a kind of UE’s ID.

Table 12: PDCCH candidates monitored by a UE

Search space S{¥ Number of PDCCH
P )

Type Aggregation level L Size [in CCRs} candidates M/
1 3 3
UE- 2 12 6
specific 4 3 5
8 16 2
4 16 4
Common s i 1

ACK/NACK transmission for LTE-A

LTE-A A|2HI0fM &= B0 DLCCE B3l F&E 84:0| PDSCHO| Cist "40] ACK/NACK HE/MSE EH UL
CCE E¢] H&sHe A2 Dafsta UCt 0|2 Y& 7|= Rel-8 LTEOIAS] PUCCH format 1a/1bE 0|t
ACK/NACK F&aH= Ehg], 840 ACK/NACK HEE x4 agl (e.9. Reed-Muller code, Tail-biting convolutional
code, etc)st F PUCCH format 2, EE&= Of2j@} 22 Block-spreading 7|4to] HEE SEo] AJRS PUCCH format
(ie. E-PUCCH format)S 0| 83810 E40] ACK/NACK HME/MEE HMasts e najd 2 Qo

- Block-spreading
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Block-spreading 7|2 H|0] HE/MZ (eg. ACK/NACK, etc) &S 7|&E LTEOAM 2] PUCCH format 1 EE&= 2
A Q1= Cr2H SC-FDMA 2Alg 0| 8310 HR3H= WHHO|CL Of HHAlolA= Figure 100§ A{Q} ZH0| CE
sequence?} OCC (Orthogonal Cover Code)0]| 2J8}f time-domain spreading=|0] &&= HEjO|H, OCCEH
0)85t0] Yt RBOJl Oi2] UESQ| M|O| AlEE-2 muktiplexingAlZ! 4 QUCh QAQ| PUCCH format 20§ A=
StLES| A& sequenceZ} A|ZF Qo) BN MEE D CAZAC sequence®] cyclic shift (Le. CCS)E 0]23}0] UE
multiplexing® @5t YH3, Block-spreading 7|4t9| E-PUCCH formato| ZS SiLte] A8 sequenceZt T4
Fooll FX M&ED OCC 7|8te| time-domain spreading® 0]&3}0] UE muktiplexing® $=#%tC}, 3HLtO] o=
Figure 100} 20| StLte| M sequence® lengh-5 (SF = 52| OCCE O|83}0] 57J2] SC-FDMA AE2S MAMA|7
Tt YYE LIEMHCE 20| ofXo)M &= 1slot S0 & 2702 RS AlES AMRS}QUX|DL 379] RS Al2S
AM8SLL SF = 42| OCCE 0| 838hz WA 5 CHUTH 8% BE 4= QUL of7|M, RS Al2e =X cyclic shift&
#HiE CAZAC sequenceZ2E| YA EH & A0, AIZH Y| B4 RS ME0| 3 OCCIF M (ZeY7!) Hejz
M5 + 9UCk

LSymbol sequence ={d1,d2,..} I

Block-spreading
code (OCC)  ‘___

~ 7/

L|F;I=T | [ FFT ]| |FIFT |

l Data II Data ll Data

< 1 Slot: »

Figure 10. Block-spreading 7|2t2] E-PUCCH format Of|A| (i.e. PUCCH format 3)

3o MolE fIsl, PUCCH format 2 &&= E-PUCCH formatS AL23H= O3 MY TT 7|Hio| £4
ACK/NACK F& A2 “multi-bit ACK/NACK coding” ﬁ{g— Hreol2 AsiCt o] wie =4 DL CCQ| PDSCHO)|
CHet ACK/NACK Ei= DTX FE (PDCCHE $A/HESIX| 2ete olo)Se Y RYS}0] MAE ACK/NACK
coded blockg F&sh= WS LIEHHCE O|E 0| EHY0] OfF DL CCOlA SU-MIMO modeZ SXF}01 2749]
codeword (CW)E =4IBHCHEH 1 CCOjl Cisi CW EE ACK/ACK, ACK/NACK, NACK/ACK, NACK/NACKS| = 472
feedback state2 T &8FALL DTXMK| Z=et3tof %[0 571Q] feedback state= 7t = QILCEL EFE QFQF THOYQ|
single CW =418 SHCHR ACK, NACK, DTXS| A(Cj 37f state® 7}& 4 QUC} (BHQ}, NACKS DTXQ} S U817
He|stChH ACK, NACK/DTXS| & 27| state® 7}E 4 iCh. fzkA] pref chatol x|Cf 5742 DL CCE
aggregationdlil ZE CCOllA| SU-MIMO mode2 SXFSICHH #|Cf 55712 Mg THs?t feedback stateS HE 5=
U1 0|5 EHSI7| Y3t ACK/NACK payload AO|={ & 12 bits7} EIC} (DHQ}, DTXE NACKI £¢ StAH
KE2IEHCHH feedback state 4= 4577 £| 1 O|8 E#BE7| 98 ACK/NACK payload AFO|=L & 10 bits?} ElC}).

7|& Rel-8 TDD AMAHO| HE5= A 2| ACK/NACK multiplexing (i.e. ACK/NACK selection) bt 0| Aj L,
71222 2z} UEQ| PUCCH Xtgl B E 9f8l siT UES| 2 PDSCHE AAHS YdH= PDCCHO| IS5l (ie.
lowest CCE Q19| A0F A E|0] k) implicit PUCCH XHIE AF83H= implicit ACK/NACK selection HHAlE Dajstq
RUCt $HHE, LTE-A FDD AJARIO)A = 7|2 MO 2 UE-specificstH MFE|E 3iLlo] £ UL CCE S35l0] 220
DL CCE S8l T&E 52| PDSCHO| CHiEH 24 ACK/NAK &g D2{sta o, o) g8 &3 s s
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EE2 2E DLCCE AAHSYsH= PDCCHOJ &3 5|0 Y& (ie. lowest CCE QlElA nCCEO| A0, B2
nCCERQ} nCCE+10f A E|0j L) implicit PUCCH AHQl e &%t implicit PUCCH Zt2im} RRC signalg £38) 2t
UEO}I7| D|2] 0jlofEl explicit PUCCH Xt@lo] =Bt At83H= "ACK/NACK selection” WAl najstm 9irk

HE, LTE-ATOD A 2R-HOJAM & <=2 CC7} aggregation (CAVE! & nejE 4 oni, 0|0f wlap 40| DL
subframel} 50| CCE &dof F&E 24=9| PDSCHO|| CHt 4= ACK/NACK HE/ASE, 85 24 DL
subframe0] CHSEl= UL subframe0flq| £7 CC (ie AN COS S8 Madt= 2 naidin QUC} 07| M= kM
LTE-A FDDOj M2tz 2|, UEOH S=E RE CCE 83 IS E £ U= ADj CW 20| iS5 24
ACK/NACKE, 5= DL subframe (ie. SF) 2F0) CH5}0] F&8H= 2A (ie. full ACK/NACKIS [a{8t7 L}, s CW
and/or CC and/or SF domain®jf s} ACK/NACK bundling® X-83810] ®H H& ACK/NACK 48 Z0jA HMadie
24| (ie bundled ACK/NACK)E D2{E 4= UCH (07| A, CW bundling®] Z2 2} DL SFoj| Cjs) CCiz cwojf
CHet ACK/NACK bundlingg X&3H= Z{g 2/0j3}3, CC bundling®) 29 2 DL SFOj Cfsf RE =2 s ccoj
CHSE ACK/NACK bundling® H&3H= 242 2|03t M, SF bundlinge] AL 2 CCojl T8 RE =2 s pL SFoj]
CHet ACK/NACK bundlingE H&3H= & 2JOI$iCh ERE O SF bundling B O M, CC 2t240) CHal 4=AlS
ZE PDSCH or DL grant PDCCHOY| L3O} CCE & ACK 7H: (B2, Y5 ACK 7j4)2 Uizt “ACK-counter”
YAE A" 5 ACH. o|mf, UEY ACK/NACK payload, & 2} UEE MBS full or bundled ACK/NACK ®&S
FIet ACK/NACK payloade| Ato|=0j 2t “multi-bit ACK/NACK coding” -2 "ACK/NACK selection” 7|8t
ACK/NACK M% 7|8 configurables g% 4 Qict

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 feedback modes
are supported by higher layer configuration.

- HARQ-ACK bundling and

- HARQ-ACK multiplexing

For TDD UL-DL configuration 5 and a UE that does not support aggregating more than one serving cell, only
HARQ-ACK bundling is supported.

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

For TDD, a UE that supports aggregating more than one serving cell is configured by higher layers to use HARQ-
ACK bundling, PUCCH format 1b with channel selection according to the set of Tables 13-1/2/3 or according to the
set 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 set of Tables 13-1/2/3 or according to the set of Tables
14-1/2/3 is not supported for TDD UL-DL configuration 5.

TDD HARQ-ACK bundling is performed per codeword across M muttiple DL subframes associated with a single UL
subframe 7, where M is the number of elements in the set K defined in Table 12, by a logical AND operation of
all the individual PDSCH transmission (with and without corresponding PDCCH) HARQ-ACKs and ACK in response to
PDCCH indicating downlink SPS release. For one configured serving cell the bundled 1 or 2 HARQ-ACK bits are
transmitted using PUCCH format 1a or PUCCH format 1b, respectively.
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For TDD HARQ-ACK multiplexing and a subframe nwith A >1, where M is the number of elements in the set
K defined in Table 12, spatial HARQ-ACK bundling across multiple codewords within a DL subframe is performed
by a logical AND operation of all the corresponding 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 7 with
M =1, spatial HARQ-ACK bundling across multiple codewords within a DL subframe is not performed, 1 or 2
HARQ-ACK bits are transmitted using PUCCH format 1a or PUCCH format 1b, respectively for one configured
serving cell.
In the case of TDD and more than one configured serving cell with PUCCH format 1b with channel selection and
more than 4 HARQ-ACK bits for M multiple DL subframes associated with a single UL subframe 7, where M _is_
the number of elements in the set K _defined in Table 12 and for the configured serving cells, spatial HARQ-ACK
bundling across multiple codewords within a DL subframe for all configured cells is performed and the bundled
HARQ-ACK bits for each configured serving cell is transmitted using PUCCH format 1b with channel selection. For
TDD and more than one configured serving cell with PUCCH format 1b with channel selection and up to 4 HARQ-
ACK bits for M _multiple DL subframes associated with a single UL subframe n, where M is the number of
elements in the set X _defined in Table 12 and for the configured serving cells, HARQ-ACK bundling is not
performed and the HARQ-ACK bits are transmitted using PUCCH format 1b with channel selection.

In the case of TDD and 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 UL subframe 7, where M is the number of elements in
the set K'_defined in Table 12 and for the configured serving cells, spatial HARQ-ACK bundling across multiple
codewords within a DL subframe is performed for each serving 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 M _is the number of elements in the set K _defined in Table 12 and for the configured serving
cells, spatial HARQ-ACK bundling is not performed and 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 with an UL
subframe 1 based on the number of configured serving cells, the downlink transmission modes configured for each
serving cell and M which is the number of elements in the set X defined in Table 12 according to

C
0= Zoc‘c" where C is the number of configured cells, and OC"CK is the number of HARQ-bits for the for the

c=1l

cth serving cell,

TDD HARQ-ACK feedback procedures for one configured serving cell are given in section 2-7-1 and procedures for
more than one configured serving cell are given in section 2-7-2.

TDD HARQ-ACK procedure for one configured serving cell

HARQ-ACK transmission on two antenna ports (p €[py, 71]) is supported for PUCCH format 1a/1b with TDD
HARQ-ACK bundling feedback mode and for PUCCH format 3.

The TDD HARQ-ACK procedure for a UE configured with PUCCH format 3 is as described in section 2-7-2-2 when
the UE receives PDSCH and/or SPS release PDCCH ohly on the primary cell.

For TDD HARQ-ACK bundling or TDD HARQ-ACK multiplexing for one configured serving cell and a subframe n
with M =1 where M is the number of elements in the set K defined in Table 12, the UE shall use PUCCH
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resource ngﬁ%)cﬂ for transmission of HARQ-ACK in subframe » on antenna port p for PUCCH format 1a/1b,
where

If there is PDSCH transmission indicated by the detection of corresponding PDCCH or there is PDCCH indicating
downlink SPS release within subframe(s) n—k, where ke K and K (defined in Table 12) is a set of M elements
{ko>k1,++-kys_1} depending on the subframe nand the UL-DL configuration, the UE first selects a ¢ value out of
{0, 1, 2, 3} which makes N, < nocg < N,y and shall use

BB = (M —m —1)- N, +m- Ny +nceg + N§dccn forantenna port P =20, where Ny is

configured by higher layers, N, = max{O,l_[N}r{é‘ . (Ns'f,B -c—4)}/36 J} ,and ngeg is the number of the first CCE
used for transmission of the corresponding PDCCH in subframe n~k,, and the corresponding m, where %,, is the
smallest value in set K such that UE detects a PDCCH in subframe n—k,, . For two antenna port transmission the
PUCCH resource for HARQ-ACK bundling for antenna port p = p; is given by
nQEB) = (M —m=1)-N, +m-N,y +nccg +1+ N Ve [where ¢ value out of {0, 1, 2, 3} is chosen which

. makes N, <nccg+1<N 1
If there is only a PDSCH transmission where there is not a corresponding PDCCH detected within subframe(s) n—k,
where ke K and K is defined in Table 12, the UE shall use PUCCH format 1a/1b and PUCCH resource nf,b’é)cﬂ
with the value of nf,ij‘é)cﬂ is determined according to higher layer configuration. For a UE configured for two
antenna port transmission, a PUCCH resource value maps to two PUCCH resources with the first PUCCH resource

nisheR?? for antenna port py and the second PUCCH resource niibcky for antenna port py, otherwise, the

PUCCH resource value maps to a single PUCCH resource nf,ll}g::f,") for antenna port pg.

Table 12: Downlink association set index K : {ko,k,-+ky_;} for TDD

UL-DL Subframe n
Configuration

0|1 2 3 4 (5| 6 7 8il¢g
0 o 6 - 4 =1 - 6 - 14
1 - |- 7,6 4 - -1 - 7,6 4] -
2 - |- 8,7,4,6 - - o B 8,7,46 |[-]-
3 -1 - 7,6, 11 6,5 54 (-] - - -1 -
4 - |- 12,8,7, 11 6,5 4,7 - -1 - - -1 -
5 -1-113,12,9,8,7,5,4,11,6 - - -1 - - -1 -
6 -1 - 7 7 -1 - 71-

For TDD HARQ-ACK muiltiplexing and sub-frame » with M >1 and one configured serving cell, where M is the
number of elements in the set K defined in Table 12, denote ”f’ll)JCCH ; as the PUCCH resource derived from

sub-frame n—k; and HARQ-ACK() as the ACK/NACK/DTX response from sub-frame n—£k;, where ; € K (defined
in Table 12) and 0<i<M -1.

For a PDSCH transmission or a PDCCH indicating downlink SPS release in sub-frame n—k; where k; e K, the
PUCCH resource nfficcp; = (M —i=1)- N, +i-Noyy +noce; + NiDccn, where ¢ s selected from (0, 1, 2, 3)
suchthat N, <nccp; < Ngyp, No= max{ 0, l_[NRDé' (NBB.c-4))/36 _]} « Necgy 1S the number of the first CCE

used for transmission of the corresponding PDCCH in subframe n—k;, and N§Jccy is configured by higher layers.
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For a PDSCH transmission where there is not a corresponding PDCCH detected in subframe n—£;, the value of

nf,ll)]CCH ; s determined according to higher layer configuration.
Based on higher layer signalling 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 to the set of Tables 14-1, 14-2, and 14-3.
For the selected table set indicated by higher layer signalling, the UE shall transmit 5(0), (1) on PUCCH resource

”%CCH in sub-frame n using PUCCH format 1b. The value of 5(0),5(1) and the PUCCH resource nf,%cc“ are
generated by channel selection according to the selected set of Tables for M = 2, 3, and 4 respectively.

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

HARQ-ACK(0), HARQ-ACK(1) nSdcon 5(0),5(1)
ACK, ACK e 1,1
ACK, NACK/DTX Moccio 0,1
NACK/DTX, ACK nocci 0,0
NACK/DTX, NACK nidcci 1,0
NACK, DTX nSccio 1,0
DTX, DTX No transmission
Table 13-2: Transmission of HARQ-ACK mutltiplexing for M = 3
HARQ-ACK(0), HARQ-ACK(1), HARQ-ACK(2) ) e 5(0),5(1)
ACK, ACK, ACK M2 1,1
ACK, ACK, NACK/DTX nocci 1,1
ACK, NACK/DTX, ACK Mocio 1,1
ACK, NACK/DTX, NACK/DTX ASccHo 0,1
NACK/DTX, ACK, ACK Mptccnz 1,0
NACK/DTX, ACK, NACK/DTX A 0,0
NACK/DTX, NACK/DTX, ACK N2 0,0
DTX, DTX, NACK Acc2 0,1
DTX, NACK, NACK/DTX . 1,0
NACK, NACK/DTX, NACK/DTX nocciLo 1,0
D7X, DTX, DTX No transmission

Table 13-3: Transmission of HARQ-ACK rﬁultiplexing forM=4
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HARQ-ACK(0), HARQ-ACK(1), HARQ-ACK(2), HARQ-ACK(3) D e 5(0),5(1)
ACK, ACK, ACK, ACK - 1,1
ACK, ACK, ACK, NACK/DTX ncen 1,0
NACK/DTX,NACK/DTX,NACK,DTX A ccnz 1,1
ACK, ACK, NACK/DTX, ACK Heckt 1,0
NACK, DTX, DTX, DTX nSecio 1,0
ACK, ACK, NACK/DTX, NACK/DTX n&occHa 1,0
ACK, NACK/DTX, ACK, ACK Moccis 0,1
NACK/DTX, NACK/DTX, NACK/DTX, NACK Pioccis 1,1
ACK, NACK/DTX, ACK, NACK/DTX Mevcchz 0, 1
ACK, NACK/DTX, NACK/DTX, ACK M ccro 0,1
ACK, NACK/DTX, NACK/DTX, NACK/DTX Moccio 1,1
NACK/DTX, ACK, ACK, ACK Mo cens 0,1
NACK/DTX, NACK, DTX, DTX ncent 0,0
NACK/DTX, ACK, ACK, NACK/DTX Medconz 1,0
NACK/DTX, ACK, NACK/DTX, ACK AR ccns 1,0
NACK/DTX, ACK, NACK/DTX, NACK/DTX A e 0,1
NACK/DTX, NACK/DTX, ACK, ACK nccrs 0,1
NACK/DTX, NACK/DTX, ACK, NACK/DTX N 0,0
NACK/DTX, NACK/DTX, NACK/DTX, ACK nccns 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) e b(0)b(1)
ACK, ACK nSdocH 1 1,0
ACK, NACK/DTX ndccHo 1,1
NACK/DTX, ACK nccn 1 0,1
NACK, NACK/DTX nRccro 0,0

DTX, NACK/DTX

No Transmission

Table 14-2: Transmission of HARQ-ACK muttiplexing for M = 3

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

ACK(2) négccn bO»M
ACK, ACK, ACK nSccnz 1,1
ACK, ACK, NACK/DTX "%ccn,l 1,0
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ACK, NACK/DTX, ACK nccnz 1,0
ACK, NACK/DTX, NACK/DTX nccmo 1,1

NACK/DTX, ACK, ACK nidccn2 0,1
NACK/DTX, ACK, NACK/DTX n$ccn 0,1
NACK/DTX, NACK/DTX, ACK n$locnz2 0,0
NACK, NACK/DTX, NACK/DTX n$locko 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) nSdcen b(0)b(1)
ACK, ACK, ACK, ACK o 1,1
ACK, ACK, ACK, NACK/DTX n$dccHz2 1,1
ACK, ACK, NACK/DTX, ACK n$dccH,0 1,0
ACK, ACK, NACK/DTX, NACK/DTX n$dccn 1,0
ACK, NACK/DTX, ACK, ACK necHs 1,1
ACK, NACK/DTX, ACK, NACK/DTX nScchz 1,0
ACK, NACK/DTX, NACK/DTX, ACK L 0,1
ACK, NACK/DTX, NACK/DTX, NACK/DTX n$hecto - 1,1
NACK/DTX, ACK, ACK, ACK nScci1 0,0
NACK/DTX, ACK, ACK, NACK/DTX O — 0, 1
NACK/DTX, ACK, NACK/DTX, ACK ndccHs 1,0
NACK/DTX, ACK, NACK/DTX, NACK/DTX L 0,1
NACK/DTX, NACK/DTX, ACK, ACK n$ccn s 0,1
NACK/DTX, NACK/DTX, ACK, NACK/DTX n¥0ccH: 0,0
NACK/DTX, NACK/DTX, NACK/DTX, ACK n$ccHs 0,0
NACK, NACK/DTX, NACK/DTX, NACK/DTX nccho 0,0

No Transmission

DTX, NACK/DTX, NACK/DTX, NACK/DTX

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

The TDD 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 in section 2-7-2-1 or a PUCCH format 3

HARQ-ACK procedure as described in section 2-7-2-2.

HARQ-ACK transmission on two antenna ports (p €[pg, ;1) is supported for PUCCH format 3 and TDD with

more than one configured serving cell. TDD UL-DL configuration 5 with PUCCH format 3 is only supported for up to
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two configured serving cells. TDD UL-DL configuration S 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 channel selection and two configured serving cells

and a subframe nwith M <2 where M is the number of elements in the set K defined in Table 12, the UE
shall transmit s0)b(1) on PUCCH resource nf,l{)JCCH selected from 4 PUCCH resources, ng[)]ccﬂ ; Where

0<i<4-1 andAe {2,3,4}, according to Tables 15-1, 15-2, and 15-3 in subframe » using PUCCH format 1b. For a
subframe nwith M =1, HARQ-ACK() denotes the ACK/NACK/DTX response for a transport block or SPS release
PDCCH associated with serving cell ¢, where the transport block and serving cell for HARQ-ACK(j and 4 PUCCH
resources are given by Table 18. For a subframe nwith M =2, HARQ-ACK() denotes the ACK/NACK/DTX response
for-a PDSCH transmission or SPS release PDCCH within subframe(s) given by set X on each serving cell, where the
subframes on each serving cell for HARQ-ACK() and A PUCCH resources are given by Table 16. The UE shall

determine the 4 PUCCH resources, ng()JOCH ; Where 0<i< A~1 ordered according to the serving cell in

increasing order of / given in Table 18 for M =1 and Table 16 for M =2, according to

- fora PDSCH transmission indicated by the detection of a corresponding PDCCH within subframe(s) —km,
where k, € K on the primary cell, or for a PDCCH indicating downlink SPS release within subframe(s) 7 —k,.
where k, € K on the primary cell, the PUCCH resource is
”x(’gccu = (M ~m --1)- N, +m N,y +necg, + Nl(’:,)TCCH . where ¢ is selected from {0, 1, 2, 3} such that
N, <neg,<N_,. N, = max{ 0, I_[Ng (N2 -c—4)]/36 J} , and for a subframe nwith M =1 and
a transmission mode that supports up to two transport blocks on the serving cell where the corresponding
PDSCH transmission occurs, the PUCCH resource nf,ll),cml._,_l is given by
n$occm i = M-m-1)N,+m-N,,, + e m +1+ Nigeey Where Hecgm IS the number of the first
CCE used for transmission of the corresponding DCI assignment and Nl(rl&ccn is configured by higher layers.

- fora PDSCH transmission on the primary cell where there is not a corresponding PDCCH detected within
subframe(s) n—k, where ke K, the value of ”gI)JCCH ; is determined according to higher layer
configuration. _

- fora PDSCH transmission indicated by the detection of a corresponding PDCCH within subframe(s) n—k,
where ke K on the secondary cell, the value of nQ&CCH 5+ and the value of nl(,lécc},,,. + for a subframe n

with M =2 or for a subframe nwith M =1 and a transmission mode on the secondary cell that supports up
to two transport blocks is 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. For a UE configured for a transmission mode on the secondary cell
that supports up to two transport blocks and a subframe nwith M =1, or for a subframe nwith M =2, a

PUCCH resource value maps to two PUCCH resources ("l(’ll?ICCH j,ngl),ccﬂ ;+1)» otherwise, the PUCCH resource

value maps to a single PUCCH resource n{Jcp; - A UE shall assume that the same HARQ-ACK PUCCH
PUCCH,
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resource value is transmitted in the TPC field on all PDCCH assignments on the secondary cells in a given

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

HARQ-ACK(0), HARQ-ACK(1) S ecu b(0)b(1)
ACK, ACK L — 1,0
ACK, NACK/DTX nSccHo 1,1
NACK/DTX, ACK ‘ nccr 0,1
NACK, NACK/DTX n$decno 0,0
DTX, NACK/DTX No Transmission

Table 15-2: Transmission of HARQ-ACK multiplexing for A = 3

HARQ-ACK(0), 22;53}“”1)' HARQ- 1 o) b(0)b(1)

ACK, ACK, ACK ndccnz 1.1

ACK, ACK, NACK/DTX O — 1,0

ACK, NACK/DTX, ACK nScci 1,0

ACK, NACK/DTX, NACK/DTX nSccro 1,1
NACK/DTX, ACK, ACK nSccHz2 0,1
NACK/DTX, ACK, NACK/DTX nidccm,1 0,1
NACK/DTX, NACK/DTX, ACK n$%ccH2 0,0
NACK, NACK/DTX, NACK/DTX n$YccH.0 0,0
DTX, NACK/DTX, NACK/DTX No Transmission

Table 15-3; Transmission of HARQ-ACK multiplexing for A = 4

HARQ-ACK(0), HARQ-ACK(1), HARQ-ACK(2), HARQ-ACK(3) - B(0)b(1)
ACK, ACK, ACK, ACK et 1.1
ACK, ACK, ACK, NACK/DTX n$dccH. 1,1
ACK, ACK, NACK/DTX, ACK #Sccno 1,0
ACK, ACK, NACK/DTX, NACK/DTX #cen.y 1,0
ACK, NACK/DTX, ACK, ACK nScom.3 1,1
ACK, NACK/DTX, ACK, NACK/DTX nfccnz 1,0
ACK, NACK/DTX, NACK/DTX, ACK nfccro 0,1
ACK, NACK/DTX, NACK/DTX, NACK/DTX nRcctio 1,1
NACK/DTX, ACK, ACK, ACK e 0,0
NACK/DTX, ACK, ACK, NACK/DTX nSoccHz2 0,1
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NACK/DTX, ACK, NACK/DTX, ACK nocns 1,0
NACK/DTX, ACK, NACK/DTX, NACK/DTX o 0,1
NACK/DTX, NACK/DTX, ACK, ACK o 3 0,1
NACK/DTX, NACK/DTX, ACK, NACK/DTX nSccn2 0,0
NACK/DTX, NACK/DTX, NACK/DTX, ACK nccrs 0,0
NACK, NACK/DTX, NACK/DTX, NACK/DTX n$JecHo 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

HARQ-ACK()
HARQ-ACK(0) HARQ-ACK(1) HARQ:ACK(Z) HARQ-ACK(3)
The first subframe of | The second subframe | The first subframe of | The second subframe
Primary cell of Primary cell Secondary cell of Secondary cell

For TDD HARQ-ACK multiplexing with PUCCH format 1b with channel selection and sub-frame »n with M >2 and
two configured serving cells, where M is the number of elements in the set K defined in Table 12, denotes

nl(,%CCH ; 0<i<3asthe PUCCH resource derived from the transmissions in M DL sub-frames associated with

the UL subframe 7. n{ccyy and nidec, are associated with the PDSCH transmission(s) on the primary cell and

Mlconz aNd 1§y 5 are associated with the PDSCH transmission(s) on the secondary cell.

For Primary cell:

If for a PDSCH transmission on the primary cell where there is not a corresponding PDCCH detected within the
subframe(s) n—k, where ke K,

the value of n{P.cy, is determined according to higher layer configuration.

for a PDSCH transmission on the primary cell indicated by the detection of a corresponding PDCCH within
k,, where k, € K with the DAI value in the PDCCH equal to 1’ (defined in Table

the subframe(s) n—
9) or a PDCCH indicating downlink SPS release within the subframe(s) n—

DAI value in the PDCCH equal to ‘1’, the PUCCH resource
”;gccm = (M —m—l)-Nc +m-N,,, +n., +N,(,3CCH where ¢ is selected from {0, 1, 2, 3} such

that N, < ngep, <

N,

c+l’ Nc =max{ 0’ L[N’?é‘ '(NEB

K, . where k, €K with the

.c—4)1/36 |}  where neg,, isthe

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

N$ccu s configured by higher layers.

. HARQ-ACK(0) is the ACK/NACK/DTX response for the PDSCH transmission without a corresponding
PDCCH. HARQ-ACK(j), 1< j <M -1, is the ACK/NACK/DTX response for the PDSCH transmission with
corresponding PDCCH and DA value in the PDCCH equal to ' j

Otherwise,

26

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

IPR2025-00138
Petitioner's Exhibit 1022
Page 000035



Attorney Docket No. UT13-0772-US
, Section 1
+ for a PDSCH transmission on the primary cell indicated by the detection of a corresponding PDCCH within

the subframe(s) n— k”l »where ke K with the DAI value in the PDCCH equal to either ‘1’ or ‘2’ or a
PDCCH indicating downlink SPS release within the subframe(s) n—k,,, where k, € K with the DAI
value in the PDCCH equal to either '1’ or ‘2!, the PUCCH resource

e = (M -m -1)-N,+m-N,,, + Recem + Nidecu » Where ¢ is selected from {0, 1, 2, 3} such

that N, <neeg,, <N, N, = max{ 0, I_[N,fé‘ (N2 .c-4)]/36 _l} . where Rgeg , is the
number of the first CCE used for transmission of the corresponding PDCCH in subframe 7 -k,
Nf,gCCH is configured by higher layers, i =0 for the corresponding PDCCH with the DAI value equal to
‘T"and i=1 for the corresponding PDCCH with the DAI value equal to ‘2.

HARQ-ACK(), 0 < j< M —1, is the ACK/NACK/DTX response for the PDSCH transmission with
corresponding PDCCH and DAl value in the PDCCH equal to * j +1".

For Secondary cell:

for a PDSCH transmission on the secondary cell indicated by the detection of a corresponding PDCCH on the
primary cell within the subframe(s) #—k,,, where k, € K with the DAI value in the PDCCH equal to either
1" or '2', the PUCCH resources nfoey ; = (f —m ~1)-N, +m-N,

et Fhocem + N - where ¢ is
selected from (0, 1, 2, 3} such that N, < Agggy, < Ny, N, =max{0, | [NE: -(N™® .c-4)]/36 |},
where 7., is the number of the first CCE used for transmission of the corresponding PDCCH in subframe
n-k,, NI(,{}CCH is configured by higher layers, i =2 for the corresponding PDCCH with the DAI value equal
to‘l"and i=3 for the corresponding PDCCH with the DAI value equal to ‘2",

for a PDSCH transmission indicated by the detection of a corresponding PDCCH  within the subframe(s) n—#,
where ke K on the secondary cell, the value of nl(’gccn,z and nf,gcm3 is 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. A UE shall assume
that the same HARQ-ACK PUCCH resource value is transmitted in the TPC field on all PDCCH assignments on
the secondary cell in a given subfranie.

HARQ-ACK(), 0 < j< M —1, is the ACK/NACK/DTX response for the PDSCH transmission with corresponding
PDCCH and DAl value in the PDCCH equal to * j +1°.

A UE shall perform channel selection according to the Tables 17-1, and 17-2 and transmit 5(0),5(1) on PUCCH
resource M{) ey in sub-frame 71 using PUCCH format 1b. The value of 5(0),b(1) and the PUCCH resource

1)

Mpyccu 2re generated by channel selection according to Tables 17-1, and 17-2 for M = 3, and 4 respectively.

Table 17-1: Transmission of HARQ-ACK multiplexing for M = 3

Primary Cell Secondary Cell Resource Constellation | RM Code Input Bits
TR | TGN | s | sou | O
ACK, ACK, ACK ACK, ACK, ACK ncch 1,1 1141
ACK, ACK, NACK/DTX ACK, ACK, ACK n®ccn 0,0 1.0.1.1
ACK, NACK/DTX, any ACK, ACK, ACK ek 1,1 01,11
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NACK/DTX, any, any ACK, ACK, ACK n®ccis 0, 1 0.0.1.1
ACK, ACK, ACK ACK, ACK, NACK/DTX nEccno 1,0 1.1.1,0
ACK, ACK, NACK/IDTX | ACK, ACK, NACK/DTX nd 1,0 1.0.1.0
PUCCH,3
ACK, NACK/IDTX, any | ACK, ACK, NACK/DTX nSccH.0 0,1 0.1.1,0
NACK/DTX, any, any | ACK, ACK, NACK/DTX P ccns 0,0 0.0.1,0
ACK, ACK, ACK ACK, NACK/DTX, any nccna 1,1 1,1,0,1
ACK, ACK, NACK/DTX |  ACK, NACK/DTX, any mccHz2 0,1 1,0,0,1
ACK, NACK/DTX, any | ACK, NACK/DTX, any e 1,0 0,1,0,1
NACK/DTX, any, any ACK, NACK/DTX, any n$¥ccHz2 0,0 0,0,0,1
ACK, ACK, ACK NACK/DTX, any, any O — 1,0 1,1,0,0
ACK, ACK, NACK/DTX |  NACK/DTX, any, any RO 0,1 1,0,0,0
ACK, NACK/DTX, any NACK/DTX, any, any nSecHo 1,1 0,1,0,0
NACK, any, any NACK/DTX, any, any n$lccHo 0,0 0,0,0,0
DTX, any, any NACK/DTX, any, any No Transmission 0,000
Table 17-2: Transmission of HARQ-ACK muttiplexing for M = 4
Primary Cell Secondary Cell Resource Constellation RM Code Input Bits
HARQ-ACK(0), HARQ-ACK(0), HARQG- o) ' 2(0), o(1), 0(2), 0(3)
HARQ-ACK(1), ACK(1), HARQ-ACK(2), PUCCH 5(0),5(1)
HARQ-ACK(2), HARQ-ACK(3) "
HARQ-ACK(3)
ACK, ACK, ACK, 1
NACKIDTX ACK, ACK, ACK, NACKIDTX | nfd ey ¢ 1,1 1,11,1
ACK, ACK, )
NACK/IDTX. any ACK, ACK, ACK, NACKIDTX | nccp 0,0 1,0,1,1
ACK, DTX, DTX, DTX | ACK, ACK, ACK, NACKIDTX | n{Jccy 3 1,1 0,1,1,1
Aot ACK. ACK, ACK, ACK, ACK, NACKIDTX | n)ccr 1,1 0,1,1,1
B IO, any, Ny, | AcK, ACK, ACK, NACKIDTX | 8 ccr s 0,1 0.0,1,1
(ACK, NACK/DTX,
any, any), except for 6
(ACK, DTX, DTX, ACK, ACK, ACK, NACK/DTX | npyccn 3 0,1 0,0,1,1
DTX)
ACK, ACK, ACK, O
NACKIDTX ACK, ACK, NACKIDTX, any | nfJcp o 1,0 1,1,1,0
ACK, ACK, )
NACK/DTX. any ACK, ACK, NACKIDTX, any | n$dccy 3 1,0 1,0,1,0
ACK, DTX, DTX, DTX | ACK, ACK, NACKIDTX, any | nfficcro 0, 1 0,1,1,0
oADK ACK, ACK, ACK, NACKIDTX, any | nccpo 0,1 0,1,1,0
o YIDTX, any, a0, | K, ACK, NACKIDTX, any | 08 cens 0,0 0,0,1,0
(ACK, NACK/DTX,
any, any), except for | ACK, ACK, NACK/DTX, any nf,ll))CCH 3 0.0 0,0,1,0
(ACK, DTX, DTX, ’
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DTX)
NOK. SO ACK, ACK, DTX, DTX, DTX nScciz 1,1 1,1,0,1
QXEK?DC'II'()‘( ACK. ACK, ACK, ACK, ACK ”gt)JCCH,z 11 1,101
ACK, ACK, )
N é&KchK(' any ACK, DTX, DTX, DTX nccHz 0,1 1,0,0,1
A 'y (1)
ACK, DTX, DTX, DTX | ACK, DTX, DTX, DTX nSccH2 1,0 0,1,0,1
ACK, DTX, DTX, DTX | ACK, ACK, ACK, ACK Rpdoc 2 1,0 0,1,0,1
i ACK ACK 1 ack, DTX, DTX, DTX n®ccra 1,0 0,1,0,1
ANl ACK. ACK, ACK, ACK, ACK, ACK nSecu2 1,0 0.1,0,1
SnDTX. any. any. | ack, DTX, DTX, DTX n®ccha 0,0 0,0,0,1
NACK/DTX, any, any, 1
any Y, @Y, | ACK, ACK, ACK, ACK ndeci 0,0 0,0,0,1
(ACK, h)lACK/D;I’;(,
any, any), except for (¢)]
DTX)
(ACK, h)lACKID;I';(, _
any, any), except for )
DTX)
ACK, ACK, ACK, 1
NACK/DTX NACK/DTX, any, any, any "%&CCH,I 1,0 1,1,0,0
ACK, NACK/DTX, any, any),
ACK, ACK, ACK, ( a
NACKIDTX eD)_('(_:;;)t for (ACK, DTX, DTX, | nfdccn .y 1,0 1,1,0,0
ACK, ACK, 1
NACK/DTX, any NACK/DTX, any, any, any nbdcen.1 0,1 1,0,0,0
ACK, NACK/DTX, any, any), .
ACK, ACK, ( 1
NACK/DTX, any g"T‘%"‘ for (ACK, DTX, DTX, nidcon, 0,1 1,0,0,0
ACK, DTX, DTX, DTX | NACK/DTX, any, any, any n$ocuo 1,1 0,1,0,0
(ACK, NACK/DTX, any, any), m
ACK, DTX, DTX, DTX | except for (ACK, DTX, DTX, RB(CCH.0 1,1 0,1,0,0
DTX) ’
K, ACK, AC
AACK, ACK, ACK, NACK/DTX, any, any, any nSccro 1.1 0.1,0,0
ACK, NACK/DTX, any, any),
ACK, ACK, ACK, ( 1
AGK g);(_:)%pt for (ACK, DTX, DTX, | n8Jccno 1,1 0,1,0,0
NACK, any, any, any | NACK/DTX, any, any, any nD 0,0 0,0,0,0
PUCCH,0
(ACK, NACK/DTX, any, any), (1)
NACK, any, any, any | except for (ACK, DTX, DTX, n 0,0 0,0,0,0
DTX) PUCCH,0
(ACK, NACK/DTX,
any, any), except for 1
( A(Y:K, g%-x, DTg(, NACK/DTX, any, any, any "g’(?ICCH,O 0,0 0,0,0,0
DTX)
;ﬁ?"a n';‘f’;%':ggéor (ACK, NACK/DTX, any, any), "
(ACK DTX DTX. g)_('gxe;)t for (ACK, DTX, DTX, n$dccH,0 0,0 0,0,0,0
DTX)
DTX, any, any, any NACK/DTX, any, any, any No Transmission 0,0,0,0
DTX, any, any, any (ACK, NACK/DTX, any, any), No Transmission 0,0,0,0
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except for (ACK, DTX, DTX,
DTX)

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

selection
A HARQ-ACK()
HARQ-ACK(0) HARQ-ACK(1) HARQ-ACK(2) HARQ-ACK(3)
2 TB1 Primary cell TB2 Secondary cell NA NA
3 TB1 Serving cellt 1B2 Serving cellt TB3 Serving celi2 NA
4 TB1 Primary cell TB2 Primary cell TB3 Secondary cell TB4 Secondary cell

PUCCH format 3 HARQ-ACK procedure

For TDD HARQ-ACK transmission with PUCCH format 3 and sub-frame # with M 21 and more than one

configured serving cell, where M is the number of elements in the set X defined in Table 12, the UE shall use

(3.p) (1, p)
PUCCH resource "PUCCH or ™PUCCH for transmission of HARQ-ACK in subframe ” on antenna port p where

- for a single PDSCH transmission only on the primary cell indicated by the detection of a corresponding PDCCH
within subframe(s) n—k,, where ke K with the DAI value in the PDCCH equal to ‘1’ (defined in Table 9), or
for a PDCCH indicating downlink SPS release within subframe(s) 5 — k,, where ke K with the DAI value in

(1,p)

the PDCCH equal to ‘1, the UE shall use PUCCH format 1a/1b and PUCCH resource Pplicey With
B =(M —m =1)'N,+m-N_,; +hccg + N{Joey forantenna port p = Dy« where NI(,}_),CCH is

configured by higher layers, ¢ is selected from {0, 1, 2, 3} such that N, <ncgn, <N,

+1 7
N,= max{ o, I_[N% -(NXB.c-4))/36 J} »and Aecp , is the number of the first CCE used for transmission of
the corresponding PDCCH in subframe n—k, where k_e K. For two antenna port transmission the PUCCH

resource for p = p; is given by n&;‘&ﬁ’ = ”&JI(,:ZPI-?) +1

for a single PDSCH transmission only on the primary cell where there is not a corresponding PDCCH detected
within subframe(s) »— k,, where ke K and no PDCCH indicating downlink SPS release within subframe(s)

n—k,, where k, € K, the UE shall use PUCCH format 1a/1b and PUCCH resource ”%Ic,:)cn
(1,p)

Mpjicen IS determined according to higher layer configuration. For a UE configured for two antenna port

transmission, a PUCCH resource value maps to two PUCCH resources with the first PUCCH resource n,(,l(,’éZ{_’,“) for

with the value of

antenna port p, and the second PUCCH resource nir2c5? for antenna port p;, otherwise, the PUCCH resource

(1, p=

value maps to a single PUCCH resource ”Puccﬁ(’) for antenna port py.

- for M >1 and a PDSCH transmission only on the primary cell where there is not a corresponding PDCCH
detected within subframe(s) n—k,,. where k,_ e K and an additional PDSCH transmission only on the primary
cell indicated by the detection of a corresponding PDCCH within subframe(s) n—k,, where ke X withthe
DAI value in the PDCCH equal to ‘1’ (defined in Table 9) or a PDCCH indicating downlink SPS release within the
subframe(s) n—#k, . where k¢ e K with the DAI value in the PDCCH equal to ‘1, the UE shall transmit

b(O),b(l) in subframe n using PUCCH format 1b on PUCCH resource ”;’gccn selected from A4 PUCCH
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resources ngcc; Where 0<i< A—1, according to Table 15-1 and Table 15-2 for 4=2 and A =3,
respectively. For a UE configured with a transmission mode that supports up to two transport blocks on the
primary cell, A =3; otherwise, 4A=2.

The PUCCH resource n®

puccre 1S determined according to higher layer configuration. The PUCCH

resource nfloy is determined as n¢d oy, =(M ~m-1)-N,+m-N,,, + Necpm + Nivcen - Where

N&cen s configured by higher layers, ¢ is selected from {0, 1, 2, 3} such that N, < necgm <N,

N,= max{o, L[N%'(Ns%B -c-—4)]/36_|} »and Ageg 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 up to two transport blocks on the primary cell, the PUCCH resource

nl(’ll)JOCH,Z is determined as 1Y oy 2= l(,gccﬂ’, +1.HARQ-ACK(0) is the ACK/NACK/DTX response for

the PDSCH without a corresponding PDCCH detected. HARQ-ACK(1) is the ACK/NACK/DTX response
for the first transport block of the PDSCH indicated by the detection of a corresponding PDCCH for
which the value of the DAI field in the corresponding DCI format is equal to ‘1’ or for the PDCCH
indicating downlink SPS release for which the value of the DAI field in the corresponding DCI format is
equal to ‘1, HARQ-ACK(2) is the ACK/NACK/DTX response for the second transport block of the
PDSCH indicated by the detection of a corresponding PDCCH for which the value of the DAI field in the
corresponding DCI format is equal to 1.
for M >1 and a PDSCH transmission only on the primary cell indicated by the detection of a corresponding
PDCCH within subframe(s) n—k,, where ke K with the DAI value in the PDCCH greater than ‘1’ (defined in
Table 9) or a PDCCH indicating downlink SPS release within the subframe(s) -, where k,, € K with the
DAl value in the PDCCH greater than ‘1’, the UE shall use PUCCH format 3 and PUCCH resource nf,{’f(’:)cﬂ

where the value of n%’é’cﬂ is determined according to higher layer configuration and the TPC field in a

PDCCH assignment with DAI value greater than ‘1’ shall be used to determine the PUCCH resource value from
one of the four PUCCH resource values configured by higher layers. A UE shall assume that the same HARQ-
ACK PUCCH resource value is transmitted on all PDCCH assignments used to determine the PUCCH resource
values within the subframe(s) n—k, where g eK.

for a PDSCH transmission on the secondary cell indicated by the detection of a corresponding PDCCH within
subframe(s) n—%,,, where ke K, the UE shall use PUCCH format 3 and PUCCH resource nﬁj{’;’cﬂ where
the value of ”%E)CH is determined according to higher layer configuration and the TPC field in the
corresponding PDCCH shall be used to determine the PUCCH resource value from one of the four resource
values configured by higher layers. If a PDCCH corresponding to a PDSCH on the primary cell within subframe(s)
n-k,, where k, € K, or a PDCCH indicating downlink SPS release within subframe(s) » —k, where k,eK,
is detected, the TPC field in the PDCCH with the DAI value greater than ‘1’ shall be used to determine the
PUCCH resource value from one of the four resource 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 cell and in
each secondary cell that are used to determined the PUCCH resource value within the subframe(s) n—k,.

where k,ekK.
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For PUCCH format 3 and PUCCH resource nf,{}-‘é)cﬂ and a UE configured for two antenna port transmission, a
PUCCH resource value maps to two PUCCH resources with the first PUCCH resource n,%ga‘,’“) for antenna port
Po and the second PUCCH resource e’ for antenna port p;, otherwise, the PUCCH resource value maps

(3, p=pg)

to a single PUCCH resource Mpjec® for antenna port pg.

FDD HARQ-ACK procedures for more than one configured serving 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 on two antenna ports (p €[pg,p1]) is supported for PUCCH format 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
B0)b(1) on PUCCH resource ngl)JCCH selected from A PUCCH resources, ”%cca, jwhere 0< j<A4-1 and
Ae{2,3,4}, according to Table 19-3, Table 19-4, Table 19-5 in subframe » using PUCCH format 1b. HARQ-ACK(j}
denotes the ACK/NACK/DTX response for a transport block or SPS release PDCCH associated with serving cell ¢,
where the transport block and serving cell for HARQ-ACK() and 4 PUCCH resources are given by Table 19-1,

A UE configured with a transmission mode that supports up to two transport blocks on serving 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 with the serving cell c.

Table 19-1: Mapping of Transport Block and Serving Cell to HARQ-ACK(j for PUCCH format 1b HARQ-ACK channel
selection

HARQ-ACKY)

HARQ-ACK(0) HARQ-ACK(1) HARQ-ACK(2) HARQ-ACK(3)
TB1 Primary cell TB1 Secondary cell NA NA

TB1 Serving celll TB2 Serving celil TB1 Serving cell2 NA

TB1 Primary cell TB2 Primary cell TB1 Secondary cell TB2 Secondary cell

The UE shall determine the 4 PUCCH resources, n,‘,%cm ; associated with HARQ-ACK() where 0<j<4-1 in
Table 19-1, according to

for a PDSCH transmission indicated by the detection of a corresponding PDCCH in subframe n—4 on the primary
cell, or for a PDCCH indicating downlink SPS release in subframe n—4 on the primary cell, the PUCCH resource is

ng}m ;= fecg + N,‘,‘[}CCH » and for transmission mode that supports up to two transport blocks, the PUCCH
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resource n%ccu, j+1 IS given by nl(’?JCCH, j+1 =P +1+ Nf,{}ccﬂ where Mg is the number of the first CCE
used for transmission of the corresponding PDCCH and Ng}ccn is configured by higher layers.

for a PDSCH transmission on the primary cell where there is not a comesponding PDCCH detected in subframe

n—4, the value of "1(?11)100}1, j is determined. For transmission mode that supports up to two transport blocks, the
PUCCH resource 71$)ccy j+1 1S given by e, = PyoccH, i+l

for a PDSCH transmission indicated by the detection of a corresponding PDCCH in subframe n—4 on the

secondary cell, the value of nS&CCH, j+and the value of n{,{}ccu jn for the transmission mode that supports up to

two transport blocks is determined according to higher layer configuration and Table 19-2. The TPC field in the
DI 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, with the mapping defined in Table 19-2. For a UE configured for a
transmission mode that supports up to two transport blocks a PUCCH resource value in Table 19-2 maps to two
PUCCH resources (n,‘,“}cm j,”x%ccn, ;j+1) » otherwise, the PUCCH resource value maps to a single PUCCH resource

)
Ppuccn, j -

Table 19-2; PUCCH Resource Value for HARQ-ACK Resource for PUCCH
1)

Value of ‘TPC command for Mpycen,; OF
PUCCH’ (n(l) n(l) )
PUCCH, j> "PPUCCH, j+1

The 1st PUCCH resource value

00 configured by the higher layers
01° The 2" PUCCH resource value
conﬁgured by the higher layers

‘10° The 3" PUCCH resource value

: conﬁ%ned by the higher layers
‘1 The 4" PUCCH resource value

configured by the higher layers

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

HARQ-ACK(0) | HARQ-ACK(1) - b(0)b(1)
ACK ACK . 1,1
ACK NACK/DTX nPccro 11

NACK/DTX ACK o — 0,0
NACK NACK/DTX nSoceno 0,0
DTX NACK/DTX No Transmission

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

HARQ-ACK(0) | HARQ-ACK(1) | HARQ-ACK(2) n®
ACK ACK ACK nfccH,1 11
ACK NACK/DTX ACK o 1,0
NACK/DTX ACK ACK nSccn,; 0,1
NACK/DTX NACK/DTX ACK nrptecH:2 1,1
ACK ACK NACKDTX | necuo 1.1
ACK NACK/DTX NACK/DTX nSecio 1,0
NACK/DTX ACK NACK/DTX nSccno 0,1
NACK/DTX NACK/DTX NACK nfdecz2 0,0
NACK NACK/DTX DTX nidccHo 0.0
NACK/DTX NACK DTX npceno 0,0
DTX DTX DTX No Transmission

Table 19-5: Transmission of Format 1b HARQ-ACK channel selection for 4 =4
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_HARQ-ACK(0) | HARQ-ACK(1) | HARQ-ACK(2) | HARQ-ACK(3) | 7. b(0)5(1)
ACK ACK ACK ACK e, 1,1
ACK NACK/DTX ACK ACK nSccuz 0,1
NACK/DTX ACK ACK ACK Lo — 0,1
NACK/DTX | NACK/DTX ACK ACK n¥ocs 1,1
ACK ACK ACK NACK/DTX . 1,0
ACK NACK/DTX ACK NACKDTX | nfccus 0,0
NACK/DTX ACK ACK NACKDTX | necy, 0,0
NACK/DTX | NACK/DTX ACK NACKDTX | nlccms 1,0
ACK ACK NACK/DTX ACK nSccHz 1.1
ACK NACK/DTX NACK/DTX ACK nfcenz 1,0
NACK/DTX ACK NACK/DTX ACK niochs 0.1
NACK/DTX | NACKIDTX | NACK/IDTX ACK L — 0.0
ACK ACK NACKDTX | NACKDTX | nccuo 1,1
ACK NACK/DTX | NACKDTX | NACKDTX | n®ccn, 1,0
NACK/DTX ACK NACKDTX | NACKDTX | n{ccno 0.1
NACK/DTX NACK NACKDTX | NACKDTX | n®ccno 0,0
NACK NACK/DTX NACKDTX | NACKDTX | n{ccno 0,0
DTX DX NACK/DTX | NACKIDTX No Transmission

PUCCH format 3 HARQ-ACK procedure

For FDD with PUCCH format 3, the UE shall use PUCCH resource

(3.7)

ACKin subframe n for B mapped to antenna port p where

Rpyccu ©OF

(1,7)

Mpuccn

for transmission of HARQ-

- fora PDSCH transmission only on the primary cell indicated by the detection of a corresponding PDCCH in
subframe n—4, or for a PDCCH indicating downlink SPS release (defined in section 9.2) in subframe n—4 on

the primary cell, the UE shall use PUCCH format 1a/1b and PUCCH resource nZyr with

(1,5,)

Mgcen = Noce + Nivoen for antenna port pg where necg -is the number of the first CCE (i.e. lowest CCE

index used to construct the PDCCH) used for transmission of the corresponding PDCCH and N&D.,, is

configured by higher layers. When two antenna port transmission is configured for PUCCH format 1a/1b, the

(L,p1)

(¢3]

PUCCH resource for antenna port p; is given by NP2, = neeg + 1 + Npvecn:

- fora PDSCH transmission only on the primary cell where there is not a corresponding PDCCH detected in
subframe 74, the UE shall use PUCCH format 1a/1b and PUCCH resource NP

PUCCH

where the value of N{P.,

is determined according to higher layer configuration and Table 9.2-2. For a UE configured for two antenna
port transmission for PUCCH format 1a/1b, a PUCCH resource value maps to two PUCCH resources with the
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first PUCCH resource N6, for antenna port p, and the second PUCCH resource NP2, for antenna port p;
otherwise, the PUCCH resource value maps to a single PUCCH resource Nf,’l;'é“c)ﬂ for antenna port p,

- for a PDSCH transmission on the secondary cell indicated by the detection of a corresponding PDCCH in
subframe 14, the UE shall use PUCCH format 3 and PUCCH resource NSy, where the value of NS is
determined according to higher layer configuration and Table 20-1. 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, with the mapping defined in Table 20-1. For a UE configured for two
antenna port transmission for PUCCH format 3, a PUCCH resource value in Table 20-1 maps to two PUCCH
resources with the first PUCCH resource NG;P9), for antenna port p, and the second PUCCH resource N&PD

for antenna port p; otherwise, the PUCCH resource value maps to a single PUCCH resource N&22. for
antenna port pp A UE shall assume that the same HARQ-ACK PUCCH resource value is transmitted in each DCI

format of the corresponding secondary celt PDCCH assignments in a given subframe.

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

Value of ‘TPC command for G5
PUCCH'’ Mpycen

*00° The 1st PUCCH resource value
conﬁgured by the higher layers

or1° The 2" PUCCH resource value -
conﬁgured by the higher layers

‘10° The 3" PUCCH resource value
conﬁgured by the higher layers

‘ar The 4" PUCCH resource value

configured by the higher layers

Random access procedure in LTE

An LTE UE can only be scheduled for UL transmission if its UL transmission timing 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, but in LTE the
RACH cannot carry any user data. Instead, the LTE RACH is used to achieve UL time synchronization for a UE which
either has not yet acquired, or has lost, its UL synchronization. Once UL synchronization is achieved for 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 an
inherent 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, with
the result that it is possible for more than one UE simultaneously to transmit the same signature, leading to a need
for a subsequent contention resolution process. For the use-cases such as handover, the eNB has the option of
preventing contention occurring by allocating a dedicated signature to a UE, resulting in contention-free access
(namely, dedicated random access). This is faster than contention-based access - a factor which is particularly
important for the case of handover, which is time-critical. These two procedures are outlined in Figure 11.
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UE eNB

Random Access Preamble——) UE eNB

———Random Access Response————— @ @ «€———RA Preamble assignment:

Scheduled Transmission———)»

Random Access Preamble——| @

[ 4«———Contention Resolution———— @ <€——Random Access Response————

(a) Contention-based random access (b) Dedicated random access

Figure 11. Random access procedures of 3GPP LTE Release-8 systerh

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

- Step 2: Random access response (from eNB to UE in DL)

- Step 3: Layer 2 / Layer 3 message (from UE to eNB in UL)

- Step 4: Contention resolution message (from eNB to UE in 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 eNB to UE in DL)

- Step 1: RACH preamble transmission (from UE to eNB in uL)

- Step 2: Random access response (from eNB to UE in DL)

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

Quasi co-located antenna ports
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"quasi co-located (QQ)" (-2 “quasi co-location (QQ))0|2t= 80{0f st Chea} 20| Ao|sto] AFRSHCH
“If two antenna ports are "quasi co-located (QC)”, the UE may assume that large-scale properties of the signal |
received from the first antenna port can be inferred from the signal received from the other antenna port”.
The “large-scale properties” mentioned in the above definition consist of some or all of,
Delay spread
Doppler spread
Frequency shift
Average received power
Received Timing
B2 9 32 |RABHA CHS3E 20| channelof] CHi3t EHo 2 HEE|o| AFREH 5 QICk
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 port is conveyed can be inferred from the channel over which a symbol on
the other antenna port is conveyed ~

The “large-scale properties” mentioned in the above definition consist of some or all of:
Delay spread

Doppler spread

Doppiler shift

Average gain

Average delay

2 YYoME 9 QCRY FoEE RS Y=L 5, QUiEE 9 Hos Zof LS oE 4 Ut =
2 fAIE CHE SEI2, QC7PE0| JRSH= antenna portsZtOj= OHX| co-locationOfj M M&dh= ZHX Y 71d
g 5 ACH= EEl (eg, SY M&pointoA H&8Hes antenna portsO|ClatD UEZF 78S < QICbe S)o=
Q'Y Hol7t HEE & U2n, £ LYo A2 0]9f 22 QA HY oS8 ZEBICh &2 UHoA =
HAo| Fold 9 QCHE HolE2 =8310] AISILE

2] Hejoj 2|6|-01,. UEE "non-quasi-co-located (NQQ) antenna ports"0] CH3]jAl< S} antenna ports (APs)ZHoj|
ST &7 large-scale channel properties® 7Hg% 4= QiCt F, 0] 22 S4F QI UE receivers, timing
acquisition and tracking, frequency offset estimation and compensation, delay estimation, and Doppler estimation
S0l Cisto] Zb2tel 4=l non-quasi-co-located(NQC) AP R SEHQ processingg $=85|0{0f ST}

QCE 7Hde &= UE APZHO| CisiM &, VEE CH3Tt 242 S52 £8Y 4 UCH= AFO0| YLk
Delay spread & Doppler spread 0 CY5}0f, UE= O{ 3}LtO| port0 CisH power-delay-profile, delay spread 5!
Doppler spectrum, Doppler spread =38 Zng, Ct2 portdf] LSt xH'd = Al AFREl= Wiener fitter 50j)
SYSHA HEE 4 ULk
Frequency shift & Received Timing Of) Ci3}0], UES O SjLto| port0)| Ci$t time and frequency synchronization
gt 2, SL¢ synchronizationg CHE porte| demodulationoff &8 £ QICh
Average received power 0| CY35}0], UE= over two or more antenna portsOf| C{5}0] RSRP measurements=
averaginggl 4= QILCH
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UEZ} PDCCH (£ 2 ePDCCH)E S8 £% DMRS-based DL-related DCI format (eg, DA 202 =AM, UE=-
configured DMRS sequenceS S8 3|5 scheduled PDSCHOJ| CHTt MY =E 8 4=t £ data demodulations
StAl Elok olE S0], 2t UEZL 0|2{% DL scheduling grant2 £.E{ 22 DMRS ports configuration0] =X
RS(e.g, &8 CSI-RS or &% CRS or X}412| DL serving-cell CRS, etc) portsQ} QCIHEE & 4= UL, UEL= &fjst
DMRS portsg &2t Y F=HA| 53 RS(eg, EF CSI-RS or £3 CRS or XFAlo] DL serving-cell CRS, etc)
ports2 R E| FHIME delay spread 52| 47| large-scale channel properties =8 X|& L2 H80] DMRS-
based receiver processing M58 &AIA|Z 47} QICt

ePDCCH

LTE-A ALEI0AME 7|29 PDCCHO| Cist0] 257h5Ql AH9I© 2 DL control signal@ F&3l= enhanced
PDCCH(E-PDCCH)E =QI8}7|2 3}QICt 0]7[A E-PDCCHE JZoflM et Z0o[| 1= PDSCH goiof, = A2t
H0jM 2Rk W PDCCH7} T E 0|%0] MEEE Ho2 7FEsiCt. AYOA E-PDCCHI} fisis smja
AEE A8 HEElE HOR LIENGOLL 0|2 Yajof BB FOH ClO|HAEIS 2JsiA EA2Fol
Fot4 XHlE 018310 Maske HE THs8ich

PDCCH multiplexed

/ with PHICH, PCFICH
< Subfram

-/

/

Frequency ,
OFDM symbol

For each serving cell, higher layer signalling can configure a UE with one or two EPDCCH-PRB-sets for EPDCCH
monitoring. The PRB-pairs corresponding to an EPDCCH-PRB-set are indicated by higher layers as described in

~——t— E-PDCCH

NECCE,er

section 9.1.4.4. Each EPDCCH-PRB-set consists of set of ECCEs numbered from O to where

N,
ECCE.P# s the number of ECCEs in EPDCCH-PRB-set 2 of subframe ¥ . Each EPDCCH-PRB-set can be
configured for either localized EPDCCH transmission or distributed EPDCCH transmission.

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

The set of EPDCCH candidates to monitor are defined in terms of EPDCCH UE-specific search spaces.

For each serving cell, the subframes in which the UE monitors EPDCCH UE-specific search spaces are configured by
higher layers.

The UE shall not monitor EPDCCH

For TDD and normal downlink CP, in special subframes for the special subframe configurations 0 and 5
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For TDD and extended downlink CP, in special subframes for the special subframe configurations 0, 4 and 7

In subframes indicated by higher layers to decode PMCH

Es®

An EPDCCH UE-specific search space at aggregation level Le { 1,2,4816,32 } is defined by a set of

EPDCCH candidates.
For an EPDCCH-PRB-set configured for distributed transmission, the ECCEs corresponding to EPDCCH candidate

(L)
m of the search space k  are given by

[L{ (¥, +m')mod LN Boce pk / LJ } +i ]

For an EPDCCH-PRB-set P configured for localised transmission, the ECCEs corresponding to EPDCCH candidate m
)
of the search space k  are given by

m'-N,
L{ e +l—L%&J) mod |_NECCE,ch /LJ} +i
[ £ ]

where

Yox is defined below,
i=0,---,L—1

r_ wy,
m o=+ MP B if the UE is configured with a carrier indicator field for the serving cell on which EPDCCH is

. 03 ’ —
monitored, otherwise M =m

CI s the carrier indicator field value,
m=01,..M® 1

1

@
7 s the number of EPDCCH candidates to monitor at aggregation level L in EPDCCH-PRB-set 2 .

A UE is not expected to monitor an EPDCCH candidate, if an ECCE corresponding to that EPDCCH candidate is
mapped to a PRB pair that overlaps in frequency with a transmission of either PBCH or primary or secondary
synchronisation signals in the same subframe.

The variable Yr#is defined by

T =(A-Yp’,‘_l)modD]
where Y1 = Mgy # 0, A=39827, D=65537 znq k= I_”s /2-| % is the slot number within a radio

frame. The RNTI value used for "RNTI s defined in section 7.1 in downlink and section 8 in uplink.
EPDCCH formats

The enhanced physical downlink control channel (EPDCCH) carries scheduling assignments. An enhanced physical
downlink control channel is transmitted using an aggregation of one or several consecutive enhanced control
channel elements (ECCEs) where each ECCE consists of multiple enhanced resource element groups (EREGS), defined
in Section 6.24A. The number of ECCEs used for one EPDCCH depends on the EPDCCH format as given by Table
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6.8A.1-2 and the number of EREGs per ECCE is given by Table 6.8A.1-1. Both localized and distributed transmission

is supported.

An EPDCCH can use either localized or distributed transmission, differing in the mapping of ECCEs to EREGs and
PRB pairs.

A UE shall monitor multiple EPDCCHs as defined in [4]. One or two sets of physical resource-block pairs which a UE
shall monitor for EPDCCH transmissions can be configured. All EPBDCCH candidates in EPDCCH set Sm use either
only localized or only distributed transmission as configured by higher layers. Within EPDCCH set Sm in subframe
£, the ECCES available for transmission of EPDCCHs are numbered from 0 to VECCEmi =1 4n 4 EccE number 7
corresponds to

ECCE), .»/ECCE ECCE
- EREGs numbered (” mod Ngg )+JN RB  in PRB index l-"/ Nrs J for localized mapping, and

. EREGs numbered |/ Je jvises in PRB indices (+ jmaxf, w3 / NERES Jmod v for distributed

mapping,

Jj=01..,NEREG 1 NEREG NEGCE —16/NEREG

where ECCE s the number of EREGs per ECCE, and

is the number
of ECCEs per resource-block pair. The physical resource-block pairs constituting EPDCCH set Sm are in this

S _
paragraph assumed to be numbered in ascending order from 0 to NrB 1.

Table 6.8A.1-1: Number of EREGs per ECCE, NZRECG,

: Normal cyclic prefix Extended cyclic prefix
Normal Special subframe, Special subframe, Normal Speclal subframe,
subframe | configuration3,4,8 | configuration1,2,6,7,9 | subframe | configuration 1, 2, 3, 5, 6
4 8

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

EPDCCH format Number of ECCEs for one EPDCCH, NESSE_ .
Case 1 Case 2
Localized Distributed Localized Distributed
transmission transmission | transmission 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 1 in Table 6.8A.1-2 applies when

DL
- D(I formats 2, 2A, 2B, 2C or 2D is used and Nrp 2 25, or

- any DCI format when 7EPpccr <104

subframes with configuration 3, 4, 8,

and normal cyclic prefix is used in normal subframes or special

otherwise case 2 is used. The quantity "EPDCCH for a particular UE is defined as the number of downlink resource

elements &0 in a physical resource-block pair configured for possible EPDCCH transmission of EPDCCH set So
and fulfilling all of the following criteria:
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- they are part of any one of the 16 EREGs in the physical resource-block pair, and

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

- the index / in the first slot in a subframe fulfils /= /EpDCCHSEr where /EPDCCHSEt i given by Section
9.14.1 of 3GPP TS 36.213.

The mapping to resource elements (k ’1) on antenna port # meeting the criteria above shall be in increasing
order of first the index ¥ and then the index/, starting with the first slot and ending with the second slot in a
subframe,

For localized transmission, the single antenna port P to use is given by Table 6.8A.5-1 with

1'= ngocE jow MOd NS + ngyry mod min(VESSEen , NESCE)

where "ECCElow s the lowest ECCE index used by this EPDCCH transmission in the EPDCCH set, "RNTI

NECCE

corresponds to the RNTI associated with the EPDCCH transmission, and “YEPDCCH s the number of ECCEs used for

this EPDCCH.

Table 6.8A.5-1: Antenna port to use for localized EPDCCH transmission.

n Normal cyclic prefix Extended cyclic prefix
Normal subframes,
Special subframes, Special subframes,
configurations 3, 4, 8 | configurations 1,2,6,7,9 Any subframe
0 107 107 107
1 108 109 108
2 109 - -
3 110 - -

For distributed transmission, each resource element in an EREG is associated with one out of two antenna ports in

an altemating manner where P < {107,109} for normal cyclic prefix and ? € {i07,108} for extended cyclic prefix.
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3. Motivation of the Invention

LTE-AQ| Xp7] AI2”IE AZ7| HE, £S5H, 2Al Ftoatel &8, XpEv|e] e So| Hojg EAlS
FIFR St XI/MAIZS| THig TMSt= 2 nefstn UCh o|B¢ chte molAb MTC (Machine Type
Communication) THLO|2t4 SHTICEL MTC CHUO| AL F& OO|E 20| X1 Al/s1EF 23 H|o|E L4410
7Y 2Y57] MR} ol2iE W2 HoE HEE0) WM THETIo| COME WED HEQ) ARE F0|=
20} =ZHO|Ct oj2{Et MTC CH2 oj5 40| M2 g EZFOR 60, WtM XY BZHO| Aol WX U=
S48 XYL ULk S LTE-A0AME o|2{st MTC CHO| 7|&E o) Hls 2 coverageZ XY £ QY2 3t
AE D3 Y20, OjF 2fs] MTC CHibg 9|3t LI coverage enhancement 7| 50| =05 Qic}.

HH, UB7} 87 cellof] £7] H&48 8 Z 2, UEE 3T cell@ 28/X0{3l= eNodeBE SLE 3T cello]
L3t MID (master information block), SIB (system information block) &9} RRC (radio resource control)
parameterS & =1SHA E L} 0| M, MTC UEE legacy UEO] H|&| coverage?t Cf &l0{0f StCh= 2X|7} EFYSCE
20| eNodeBZ} legacy UESQH S U3} SIBE &SP, MTC UEL O|& =AISH=r)| of2ies ZA =} ol
s 2s}7| 2|6 eNodeBE coverage issue7l ExXst= MTC UEQ| SIBE PDSCHE £3) Fasts ZQ, subframe
repetition, subframe bundling St 22 coverage enhancement® 9|3t 7|HES R0 T2 E = AUck

The maximum bandwidth supported by normal LTE UEs is 20MHz. One potential technique to reduce the UE cost is
to reduce the maximum bandwidth that 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 RF and/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 DL and 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 channel and contro! channels

*  Option DL-3: Reduced bandwidth for data channel in baseband only, while the control channels are still
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 is assumed to be no less than 14MHz, and the frequency location of
the reduced bandwidth is assumed to be fixed at the center of the carrier bandwidth. Technically, any combination
of the DL and UL options is possible. However, some of the combinations may make more practical sense. For
example, DL-2 would be a more natural choice than 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, or
in a pre-defined pattern for each UE. Some of these variations could potentially allow more MTC UEs to be
supported in the system.
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Section1
MTC UEQ| low-cost §4& 9ol 47| Option DL-2 &= DL-39| Q0| AR |04, downlink data channel8 st
bandwidth?} F0{&7| € @2, MTC UEE 7|EQ| LTE-A A|AHQ| 7|¥uto 2= QB3I SXS 3IX] RE £
ULk mEtM 2 2o E K] downlink data channel2] bandwidth® 0] S8l low-cost MTC UEE {3+
S 7|9ES Fgtsict

4. Invention Summary

<k 1>

[4«— System bandwidth —»
PDCCH

A. PDCCHe| F&

<k 1>0] ZAIE A1} 20} Low-cost MTC UEE |8l downlink $Z0jlA control channel (ie. PDCCH)S carrier
bandwidth®| | band Lo 2 HE0| & 4 Y& YD, data channelo] A E 4= QU= bandwidth THO]
system bandwidth 2C} 22 Zto = Zt48 4 QUCk 0| W, low-cost MTC UEE 9J3t PDCCH M4S sl ofeiet

ze S0 +88 4 Utk

BE LTE-A A|AB|0lM&= MTC UEQ] coverage enhancement® 9|3 PDSCH, PDCCH 59| channel2 repetition
sto] &3 7|Yg Da{stn YLk O] O, MTC UEE $3iiAl= PCFICH, PHICH 52| channelo| M&EX] 2%
Ag de2{stn QUAC W2t MTC UEZ} PCFICHS A% Tayt ges 57| 3ll, PDCCH7} M4 = OFDM
symbol2| s g4 3 symbolo|2tal 7PEE 5= ULk Z2 H 72| symbolQIX] PSS/SSSO|| F&E|2{Lt PBCHO|
TEE0] EHHOA 22{F = QUCL £ coverage enhancement?7t ML E|X| %2 MTC UES| ZLR0|5
bufferingg Jsll 7Fsliof SH= FM| system bandwidth7t normal CPO] AL, X 37j2| OFDM symbolof] CHsllA=
T o ZE resource element® XMESICIT Z1ESHH, 1 0|2/0) OFDM symbolE& 6PRB =2 reduction &
data bandwidth2 $HE%T 4= ACtD 7PESCE E3t A X 72| OFDM symbolof| CHs] ® CHele 7pest o o
7H2l OFDM symbolQIX|i= higher layer 2 signalingZ| L} cell IDQ} A E|0} X} E|HLE, PBCHEO] MEE 4
QULL G E0] TH0] cell searche| CHAOAE X7 M Yoz 2= OFDM symbolO| 00|2}1 7}EE == L}
2ki 6PRBO) CHEH resource elementQ] datalt storedt 4= QLEL

BHH, 7|=1 LTE-A systemOj A2} Zt0| PDCCH7} &&= OFDM symbolQ| =7} PCFICH& £3} indication 58
&f| dynamicSlA] HMAFE = UCt 0| AL, UEE PDCCHZ} M4 5= OFDM symbol YoM N LS
&3l channel/signalo] 4,8 A|E3L3, PDCCHS| M40f TLt =o| OFDM symbol FHo||A= data channel2
et band ALokz Sl channel/signale] 4=A18 A|EE 2= QUL}
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MTC UE= PDCCHE| =412 9fol ® CHY RS E #|Cf 4 ports CRSE £=Al8l0F & WL} QUCH O] o, UET} 4
ports7iX[2] CRSE #A317| YsliME <& 2>0f EAIE Z{nt ZH0| X4 OIMEE 2742 OFDM symbol (ie.
OFDM symbol #0, OFDM symbol #1)g $=A13|0F $ICL. SIX[DF Ol& S0 <E 2>0|A{Qt 20| 3+ 7S] OFDM
symbol 42 20t PDCCHI} M#&E|= Z, UEY} PDSCHO| M&0| A|EHE|= OFDM symbol #25LE data channel0}
F& 5= bandwidth S%} bandwidthE Zt43510] SA8HA £, UES PDCCHE A2 98t T system
bandwidth H0||lA{2| 4 ports CRSE $=41% 5= 1A EICt
matA 2 2HolM= MTC UEZ} control channel2 carrier bandwidthe| & Q9lg &) $Aldt= By, da
channelo| F&E 2 Y= bandwidth= reduction0] E|= 2L, C}23} 00| £=41 bandwidth& XZ&g A
Hototct,
UEE A2 27§2] OFDM symbol (ie. OFDM symbol #0, OFDM symbol #1)0lA{&= PDCCH symbolo)
7H==0ff AHE10| FA| system bandwidth® channel/signal& 4=Alstc}.
UEL= OFDM symbol #2 0]%9] OFDM symbol Ofl A4 8lE symbolol PDCCH7F M4 5= Hols x|
system bandwidth2 &=8}1, PDSCHI} 45l Z20= data channel® 93] reduction =i
bandwidth® channel/signal® <=AlSICE

g

o

AL LT T T T T T B crsperto
# BB crspott
| | I crsport2
H‘ B crspons
ﬁ»‘H H_H b7 Pbcen
CEER R

+—slot 0————»4¢——slot 1—

< 2>
- D format 1A

UEZ} PDCCH &2 & DA format 1AS ﬁ%ﬁ}é 4, DA format 1A2| Resource block assignment field9} bit 4=
I-logz (NRE(NEE +1)/ 2)] ot Zto| HejxIct o| mj, N5 Downlink bandwidth configuration, expressed in
number of resource blocks& 2|0 $tC}. B+, low-cost MTC UEE I3l downlink Z+0jlA] data channelo| &€l
% Q& bandwidthi= system bandwidth 2L} X} gto= ZtAS £ Qick

D format 1A0)Af NR;7} downlink system bandwidth| RB 7§42 o|0|& <L, D format 1A9| bit 4= DCI
format 02| bit =2t ¥4t ST 4= QUCt 0| W, DCI format 1A°) bit 49} DA format 09| bit 48 E A3
BE7| 913}, bit =7} 6 X2 DA formatof| zero padding® #=3% 4= UC) & YHo|ME 0|2t 20| DA format
1A2] bit =2} D format 02| bit =8 SUSIA THE7| Y&, bit 7} I & DA formatd]| zero padding2
FY5IAE Z2 DA format 1AQ] bit =2 N_1A long0j2tn S}, DA format 02] bit 4=2 N_0_long0|2}31
SH2CE Of M, N_1A long®t N O long= S% g2 X|LAH ECt.

20, DCI format 1A0{| A NR};?]- data channelO] & & 4= QU= bandwidthe| RB 748 o|Oj&t A<, DCI format
1A2| bit #=2} DCI format 09| bit =8 SYUsA| AEX| U 5= AUCH MTC SZHOA PDSCHZ} M&E|=
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bandwidth& F|EISH1, NRL7t data channelo] F&E 4 QU= bandwidthe| RB 7§48 o|0|8iH| £/, oyt
EZolM Lt DA format 1A9| resource allocations 9|$t fieldo] B 7|= ZoLX|AH =j11, o2 9I5| low-cost
MTC UES I+ DCI format 1A2] Z0|9} DO format 02] Zi0[2] XFO|7+ F{X|H| EICt. 0] AL, DA format 1A9] bit
42} DA format 02] bit =8 SUsIH US7| 8l zero paddingg $8st= HS Q3|7 overhead& =ajig %
ULk O] B 2 LYOoA = DCl format 1A0IM NR57t data channelo| M& S 4 QU= bandwidthe] RB 7§48
2|013k3, DCI format 1A2] bit 4=9F DA format 02] bit 48 EYsIAH 27| Y3y zero-paddingS £~ 5}X|
SRS M) DA format 1AQ| bit 5=8 N_1A short2tx 8}3, DI format 09| bit 48 N_O_short2}s1 &424C},
o| 3=, WHOA = UEZL DA format 1AZ M43 0] Resource block assignment fieldg 43517 3t
NRLo| Zt& data channelO| R4 E! = Qi= bandwidthe| RB 7§4=7} Ol downlink system bandwidthe] RB
W2 X8 A MSC F 2 YoM UES DA format 1A9] bit 427} At N_1A longat ZtCtm
b8e Ag Meksich £33 2 SYME UE DA format 02| bit 47} 34+ N0 Jong} ZHCHD 7hESt e
R QkBLE,

Ef UEE CSS 02 M&ElE PDCCHE £M3817| Yslils NLE data channelo] M&E 4 9=
bandwidth2| RB 7§s=7} OFi downlink system bandwidthe| RB 742 sjjAM3}7, USS Ato= HiEl=
PDCCHOJIA = Npz& downlink EZJ0jA] data channelo] Hag & = bandwidthe] RB 752 sjM &t 4= Qlc}.
Ei UEE SIRNTL(E£ CH2 cell-specific RNTDE 083104 =Al3k= PDCCHOJA= NELE data channelo]
HEE 4= Y& bandwidthe] RB J7f4=7} Oft-l downlink system bandwidthe| RB 7|42 #jA45}1, C-RNTI (tE =
CtE UE-specific RNTDAC 2 FM&gl= PDCCHOfIA = NRE% downlink £tZJ0|A] data channelo| F&E £ 9t
bandwidth®} RB =2 sjAiEt 4 QICh &, £ YHYO|A= data channelO| Z&E £ Rl bandwidth?} system
bandwidth Bt =2 gto=2 ZAEl MTC UEZ} CSS Moz H&El= PDCCHO| A& DA format 1A2] bit 47}
N_1A longa} 23, USS #22 M el PDCCHO| Al DA format 1A2] bit 47} N_1A_short} ZHChR 7pee
2 HQhsiCt (£t data channelo| &S 4= Q& bandwidth7} system bandwidth 2L} X2 gto@ z2tAg
MTC UEZ} CSS 422 &&= PDCCHO|AM & DCI format 02| bit =7} N_O_longd} 2t1, USS MoF Ragl=
PDCCHOjjA{= DCI format 02| bit #=7} N_O_shortn} ZtCtn 743t HE F[otsiCh) Ch2 22 eNodeB:= MTC UE
& coverage enhancementZ} B2 3+ UEO|AH& CSS 422 DA format 1AE ®as AL, NGE downlink system
bandwidth2| RB 7f4=& 9|0|3}H, DA format 1AQ| bit 49 DCI format 02] bit &5 SUSIH ot5 7| s, bit
%7} O H2 DA format0y zero padding® ==#s10] DCI format 1A2| bit 7t N_1A long0| |52 MN&sH 4
ULt (£33} eNodeB= MTC UE & coverage enhancement”} =g 3t UEO|AH&= CSS Ae & D( format 08 Fa
B, D format 1A2| bit =2} DCI format 02| bit =8 EUSIH THET] 98, bit 27} § H& DC format0j)
zero padding® $=#3sl0] DU format 02] bit 47} N_O_long0| E|=8 &% %= QUrCt) eNodeB7} coverage
enhancementZ} HR B+ UEO|A| USS 422 DO format IAE M43 AL, N data channelo] H&E 4 Q=
bandwidthe| RB 7§4=8 9o|0|s}H, DA format 1A0] zero-paddingE =#35HX] 431 bit 427} N_1A_short7} §|E2
TS Bt (£3t eNodeB7} coverage enhancementZt Tl 3t UEOA| USS Ato& DA format 0Z T 3L,
DCI format 00f| zero-paddingg® $=8%}X| Q7 bit 47} N_O_short7} §£|=& F&35HC}H)

[

E+& MTCUE 3 coverage enhancement?} EQ 3t UEE PDCCHE £33 DC format 1A L= CHE DA formatg
Hae Z2, NiLE downlink EHZ0| A data channelo] &S % Q£ bandwidthe| RB 7§42 |4} 0, 0]
Qlol Ct2 UEEL NpLE data channelo] M4 E = &= bandwidth2| RB 75=7} o} downlink system
bandwidthe| RB 742 sjjais 4= QICt F, MTCUE = coverage enhancement?t 2 $t UE= D format 1A9]
bit 2=8 N_1A_shortn} ZtCt71 7}&stD, 0| 9jo| Cf2 UEE2 DI format 1A2| bit 4=7} N_1A longD} ZCtR
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7r8g == ULk (£ MTC UE F coverage enhancement?} R 3t UEE DCI format 09| bit £8 N_O_shortz}
#Cta 7Pgsta, o Qe CHE UEE-2 DA format 09] bit £=7} N_O_longd} ZHCha ZFHE & QC})
USS (£ CSS) o2 Madhs DA format 1A/08 M&E AL, NBS& data channelo] M&E 2 9=
bandwidtho| RB 7§4=& °fn|3lH, DA format 02 DCI format 1AZ bit length2 SY&PA t3=7| 8] zero-
paddingE =¥SIX| 1 bit =7} A2 CLE MEHE SXBIEE & 5 QCk 0] AL, DA format 02} D format
1A9| bit length?} S 5IX| 7| MR 71=0 DA format 092} 1A0| Z#E(0f T ‘Flag for formatl/format1A
differentiation’ field& A& 4= Uch o] F2, 53 AN DA format 094 DA format 1A2] bit lengthZ}
S K= dEgo| WlE 5 UL Flag for formatl/formatlA differentiation’ field= X3t AEOIM DCI format
02} DCI format 1A2] bit length7}t S JS)X[@ UEZH & DCl format® P23t 4 Q17| IR0, 0|8 WKX|5}7| ot
710l HasiCh matM £ YHO|AE 0|2 23l DCI format 09} DCI format 1A2| bit length7} ST ZL,
& DCI formatg F8st7| 2fs DC format 094 DC format 1A0)| ‘Flag for formatl/formatlA differentiation’ field2
F716t0] H&E A Fetsich £i= DA format 02+ DCI format 1A2] bit length7} SYUSHE 7L, & DA
formatg FY3}7| {8 DA format 1A (& DA format 0)0)) 1 bite] zero-padding® 4=3310] BHAF = DCI
formatQ| length7t Ct2A 2S00 & Zi8 FIQHSICH

USS (& CSS) 422 HM&dh= DA format 1A/02 Ha3 F2, NOLE data channelo] M2 4 9
bandwidthe| RB 7j5=& 2|0}sHH, DCl format 02t DCI format 1AE bit length® S USHAH 2t7| 3| zero-
padding® =#3|X| %3 bit $=7} A2 C}E MEE RXISI=2 & 4 UCt 0| O, EXXSZ downlink system
bandwidthZ} UEQ] downlink data F2& bandwidthe} S 3 Z R, 0}8 0] UES] downlink data X2
bandwidth7} 1.4MHzO|11 downlink system bandwidth® 14MHz2! Z<, eNodeB&: legacy2} 2t diHo 2 DA
format 02} DCI format 1AE F&%T 4= UL F, eNodeB= EXFOR2 Downlink system bandwidth7} UEQ|
downlink data T& bandwidthel S¢ & ZR, Ol& S0 UES] downlink data H% bandwidth7} 14MHzo|
downlink system bandwidth 14MHzQ 2, D format 02} DCI format 1AQ| bits length7} SUSIEE O B
Z0|& Xl D formatoff zero paddingg #=83}1, & D formate Fes}7| 48l DCI format 02} DCI format
1A0)| ‘Flag for formatl/formatlA differentiation’ field=2 2=7}&10] R48 4 QlCt

. Cell-specific PDSCHO| F#& .

MTC UEZ} cell-specificst PDSCHE £=Al%{j0} & Z <L, UE= PDCCHO| CSS (common search space) YA S S
PDSCH =418 2I¢t DL grant® searchd|A| EICt. 0f O, MTC UEO|H M &sljof &t cell-specific ¢} data (e.g. SIB)Q}
Li&2 legacy UEO]A| &3O} & cell-specific 3t datao| L{8Dt Ct2AH 7Y 4= QUCk =S 2+ MTC UE
YUX|2tE coverage enhancement® {8t 7|2iQ] AF20| TRSH MTC UES} O X| & MTC UEO|| A M&sliol &t
cell-specific data®| Lj-80| C}& 4 QIC}.

Ol& «ish £ YYo= MTCUES| CSS Y9t legacy UES| CSS Y0| ME CI2AH TMY ZS H|QHSiCL.
Oo{7]4 Css dHolzt 2 CSS2| RE A+, PRB Y and/or subframe Q@9 50| & 4= QUC} E3F 2 SDojA =
coverage enhancement& 9|3t 7| 2| AS0| L%t MTC UEQ} O X| e MTC UEO] Cist CSS Yoo Mg
Ch27 fdE 2g mersict

o mj, HEEM2R MTC UEEE {8t SI-RNTI (system information RNTHE HE® OH=0, MTCe] SIB =& cell-
specific higher-layer signalg F&3517| 93t RNTIZ A2E £ QICh =J1Eoz coverage issue?} EXY8}= MTC
UEE 9I$t SIRNTIE Y =2 AMR3|0, coverage issue?t EX|St= MTC UEQ] SIB =8 cell-specific higher-layer
signal2 F&517| et RNTIZ AR2E 4= QlCh
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MTC UE= A}410| A8 CSS YYE MIB (master information block) EE= SIB Ato & eNodeBE £ E| configure
Wg 4 QUCh S MTCUES 93t cell-specific PDSCHY} M5l GOl AMRO| X U0f, MTC UES CSs
422 PDCCHE 43t ZHE 708X ¥8 4= QUCt

7|E 0]} UESO| cell-specific PDSCHZ} M4 &= PRB Qoo L3t HES CSS Aoz FAELE DL grant3 £3j
Y2 Aak= ©E| data channelo] FAE 4= = bandwidth Q0] ZIAE|O| Qe MTC UES 9|3t cell-specific
PDSCHZ} F&E 4= U&= PRB QYL center 6RBE I™E 4= QICh E&= UES MTC UEE 2t cell-specific
PDSCHZt F&E = U= RB QY2 MB = SIB 58 £3f eNodeB2 5E| configure &2 %= QICt.

EB OHE WYo=E cell-specific PDSCHZL normal UEQ} fow cost MTC UE @} coverage enhancement”t =3t
UEALO[O) SRE|E dids MZYs) 2 £ QUCt 0| HL, low cost MTC UES| ZHL+= H3|=l 6PRB 0ff PDSCHZ}
20 21P8e 4= U2, s HM4E PDSCHE SIBE decodingstX] 28 &% QUCh WEA, HSHEl
repetition2| X} (MIB2 M&E|7{Lt UEOA D[2] MHE|O{QUCtD 71EE 4 UCH BHE, PDSCHE 2J0]A
bundling® £=%3}0] &iLto| SIBE T4 2hE 4= QUC} O|& S0, SIBLE subframe #5/#25 (every 50msec)Ofj A{
HMETITH 7HEE 3L, repetition0] 42 configureEl 22, a low cost MTC UEE subframe #5/#25/#45/#650]| M
4 #io] PDSCHE 2{0{0F SIB1E decoding® 4= A EIC} 9He} subframe0i SB7} FMAE|X| Q=CHH, O}
subframeOflA 2JOjM AHE H=0r2 Q0N decoding® A|=5tA| EICL 2 retransmissionX{® decodingS
AHH2R WY 818 =5 AUCh Network eNB2| LA OJA L= &&= PDSCHZ} MTC UEO|AH &Habzl
6PRBE HojA = B2, 8T MTC UEO|| A= PDSCHZ} 6PRBO| Q|0 A puncturingElCt ZPEE 5= o, d8st
A& 1850} C+3 SIB PDSCHO| resource® EHEHEr 4 QUL Coverage enhancement?} Q3 UEE QsA=
PDCCHZ 4B XSO 2 decodingElX| Q2 £ U7} L0, Hs)z subframeOflA| CSS PDSCHE HsiFl 2% o)

H&E + YUrk

ETH CFE YWY o2 E MTCUEZ} CSS PDSCHE monitoringdtX| &*E-;i, higher layer configurationg £3}0]
ZEG7{LE MIBES 2 configuresiS=ZLt O[2| H=(0| UL 4 ULCL 0] FL, SBSC| FEE 97| Y&t
MBE Eash 48 Zatd = on, SBE 2/0{0F = RNTISO] MIBO| M&0| € 4 Ue8 J}Ysict £33
SIB7} MIBE ZE#sl= PBCHMZ PDCCH 10| signaling®!l & QU= 84S HIF|SIX| R=Ch = O LIOI7}A,
RNTH= MTC UEQ} coverage enhancement® HQ 2 $h= UEQ} MTC UEZS 0|l A{ coverage enhancement® ERF
Sz UERIE Cf22) 43" 4 o, 2t RNTIZL MIBO| HHE|7{Lt 242t PBCH7} M2 MAEs ZHQ, 9=
PBCHS| £-40f S¢3=0] RNTIZt M EICtD J18E 4 QUCh o8& S0}, PBCH7} low cost MTC UES KASHAM
EElE 32 ZBE RNTHE low cost MTC UEQ| CSS PDSCHL} SIBE ol 20| AM2E 4= 11, PBCHIt
coverage enhancementZ &M A El= ZL, TEHEl RNTI= coverage enhancement 7} T Q3 UEQ)
SBX&O| AFE %= QUCh O ZL, siT RNTI= USSE ZEE £ QIC} 0] 2L, 2 UEZ} blind decodingZ d}jof
Shz RNTIZ| RAHE F0|7| fI8HAl 2 UEYR subframe'8 2 2]0{0} SH= RNTIS higher layer signaling 3i3=2{L},
02| 80l AS 5= Ak OlF S0, subframe #0/#5= SIB or CSS PDSCHE 98t RNTIZ C|aY3slD, Cf2
subframeOijA|= UE RNTIZ C|RLSIZ=E & £ QIC) O|23t A= ¢SS PDSCH or SBBE Q€ subframe&
bitmap2| HElL}, period/offsete} HE|R A= 4= QAL HIC2 USS PDSCHE 2| subframeg YHE $&
ULt

C. UE-specific PDSCHe| F#
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- PDSCH transmission with coverage enhancement

Section 1

Low-costE 2I5}§ data channelg =41% £ Q= bandwidth7} ZtAEl MTC UEZ} EXYE o, MTC UEQ| data
channelg {3t frequency location2 1) I1H E|7{Lt, 2) pre-determined patternOj] o8} =e}X| AL}, 3) semi-

statics}7]| configure| 7Lt &= 4) dynamicstH| configure 2 2 QiC},

cHH, o|2{gt MTC UEO||7| coverage issue?} ZA|3}0J, PDSCHO| coverage enhancementE 9|8 PDSCH
repetition/bundling 52| 7|¥S A=Y 3= QICt o} tf, PDSCHL) repetition &= subframe duration &9t
PDSCHZ} &&= frequency location (or RB ¥ 2))0] HFR|AH| &|, cross-subframes channel estimation© = oIt

M a0l BT Zo|s 4= QUL

TEtd 2 HYolME <= 3>0f ZA|E Zap 20|, S datadf CiSt =418 A|E3H= PDSCH bundle Sotoll=
PDSCHZ} F&k&|= RB F20] SYE AU FQteict o] M, EHEOR datadl| CiSt $=AI2 A|S 8= PDSCH
bundle &Qt0lli= PDSCH7} M& &l RB 22 PDSCH bundleo] HE subframe® £é M&E|= PDSCH RB
SN SLE 5= ACK £ 2 LHOME S datad]| CfEt A8 A|ESH= PDSCH bundle SQHojl=
PDSCHZ} M&E! 4= Q= band Y9 (PDSCH £:A12 93t frequency location)0| st 242 F|QIsiCt. O] of,
EZX2R datalf Cjet =418 A|Z8H= PDSCH bundle S9t0jl= PDSCH7} M&E £ 9= band 2o (PDSCH
=42 % frequency location)2 PDSCH bundle®] &1 R subframeOjjA] &3H= PDSCH7} FEE £ Q&=

band @Y (PDSCH =418 |$t frequency location) 1} SQs 2 QILC}

PDSCH bundie

PDSCH bundle

755

Ny
RS

55

<% 3>

- CSlreport

5555

UEE eNodeBol|#| downlink channel] AENS report 8}7| I8l periodicst#| == aperiodics}A| CSI report®
=A5tA EICk CSk= RI(Rank Indicator), PMI (Precoding Matrix Index), CQI (Channel Quality Indication) Alj7}X|
BER I/ EREO, UEE Mg wet ol & FA £ AL M2 eNodeBoj# HMasbH ECf

& HYOoJME low-cost MTC UEZ} data channel@| =418 93} reduction & bandwidthg A% Z2, slig 7|7t
&0 data channel ¥8t OFL|2} CHE channel 9 reference signal A| data bandwidth QoflA{DF 241 SH=

Rg 7rgsict

Periodic CSI report

Low-cost& I3l data channel® %At

A= bandwidth7} Zt251 MTC UEZ} eNodeBOj|#| periodic CSI

A
s
reponts WS FR, UEE CQ reportE Al OfHEH WAl9] CQI feedback (e.g. wideband CQL sub-band [€e))i=3

SUWEXIE Lofok st

O| mj UEZt ABE = QU= CQlfeedback WO RE CH3T 22 AES 1A 4 YCt of2f LSS CQO|

CHSH At QUX|QE CQI & ofLigt RLPMI 5 C}
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DESCRIPTION OF THE RELATED ART

[0001] 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.

[0002] 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, an
open interface, and adequate power consumption of a terminal as an upper-level
requirement. '

[0003] FIG. 1 is a block diagram illustrating network structure of an evoived
universal mobile telecommunication system (E-UMTS). The E-UMTS may be also
referred to as an LTE system. The communication network is widely deployed to
provide a variety of communication services such as voice (VoIP) through IMS and
packet data.

[0004] 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 located in 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 extemal network.

[0005] 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
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to communication equipment carried by a user and may be also referred to as a mobile
station (MS), a user terminal (UT), a subscriber station (SS) or a wireless device.

[0006] 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.

[0007] The eNodeB 20 is generally a fixed station that communicates with a UE
10, and may also be referred to 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.

[0008] 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 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 functions including 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, UL and DL service
level charging, gating and rate enforcement, DL rate enforcement based on APN-
AMBRFor clarity MME/SAE gateway 30 will be referred to herein simply as a “‘gateway,”

but it is understood that this entity includes both an MME and an SAE gateway.
' [0009] A plurality of nodes may be connected between eNodeB 20 and gateway
30 via the S1 interface. The eNodeBs 20 may be connected to each other via an X2
interface and neighboring eNodeBs may have a meshed network structure that has the
X2 interface.

[0010] FIG. 2 is a block diagram depicting architecture of a typical E-UTRAN and
a typical EPC. As illustrated, eNodeB 20 may perform functions of sélection for
gateway 30, routing toward the gateway during a Radio Resource Control (RRC)
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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. In the 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 lntegnty
protection of Non-Access Stratum (NAS) signaling.

[0011] 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
that is well known in the art of communication systems. _

[0012] 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 transferred
via the transport channel. Between different physical layers, namely, between physical
layers of a transmission side and a reception side, data is transferred via the physical
channel.

[0013] The MAC layer of Layer 2 (L2) provides services to a radio link control
(RLC) layer (which is a higher layer) via a logical channel. The RLC layer of Layer 2
(L2) supports the transmission of data with reliability. 1t 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 a relatively small bandwidth.

[0014]  Aradio 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,

55

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

Petitioner's Exhibit 1022
Page 000064

IPR2025-00138



Attorney Docket No. UT13-0772-US
Section 2

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.

[0015] As illustrated in FIG. 3(a), the RLC and MAC layers (terminated in 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 (terminated in eNodeB 20 on the network side) may perform the user plane
functions such as header compression, integrity protection, and ciphering.

[0016] As illustrated in FIG. 3(b), the RLC and MAC layers (terminated in an
eNodeB 20 on the network side) perform the same functions for the control plane. As
illustrated, the RRC layer (terminated in an eNodeB 20 on the network side) may
perform functions such as broadcasting, paging, RRC connection 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
between the gateway and UE 10. ‘

[0001] The RRC state may be divided into two different states such as a
RRC_IDLE and a RRC_CONNECTED. In RRC_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, no RRC context is
stored in the eNodeB.

[0002] 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 to the eNodeB.

[0003] In RRC_CONNECTED state, the E-UTRAN knows the cell to which the
UE 10 belongs. Therefore, the network can transmit and/or receive data to/from UE 10,
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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.

[0004] 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.

[0005] The paging occasion is a time interval during which a paging signal is
transmitted. The UE 10 has its own paging occasion.

[0006] 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.

[0007] 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.

[0008] 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

[0009] A transport channel transfers signaling and data between the L1 and MAC
layers. A physical channel is mapped to a transport channel.

[0010] 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.

[0011]  Uplink transport channel types include an Uplink Shared Channel (UL-
SCH) and Random Access Channel(s) (RACH). The UL-SCH supports HARQ and
dynamic link adaptation by varying the transmit power and potentially modulation and
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coding. The UL-SCH also may enable the use of beamforming. The RACH is normally
used for initial access to a cell.

[0012] 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.

[0013] 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.

[0014] 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 Muiticast
Control Channel (MCCH) and a Dedicated Control Channel (DCCH). The BCCHis 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 RRC connection 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.

[0015] 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.

[0016] 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 can be 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-
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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.

[0017] Itis known that different cause values may be mapped on the signature
sequence used to send messages between a UE and eNB and that either Channel
Quality Indicator (CQ!) 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.

[0018] When a UE wishes to access the network and determines a message to
be transmitted, the message may be linked to a purpose and a cause value may be
determined. The size of the ideal 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 altemative “scheduling request” message may
be used.

[0019] The UE acquires necessary information for the transmission of the
preamble, UL 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. ltis
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. v
' [0020] 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 path loss can be considered to be similar to the downlink path
loss 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.

[0021] The required uplink SNR for the detection of the preamble would typically
depend on the NodeB configuration, such as a number of Rx antennas and receiver
performance. There may be advantages to transmitting the rather static Transmit powef
of the pilot and the necessary uplink SNR separately form the varying uplink
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interference and possibly the power offset required between the preamble and the
message.

[0022] The initial transmission power of the preamble can be roughly calculated
according to the following formula:

[0023] Transmit power = TransmitPilot - RxPilot + ULInterference + Offset +
SNRRequired.

[0024] 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 than in UMTS.

[0025] The UE detemines the initial uplink transmit power for the transmission of
the preamble as expiained above. The receiver in 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 received
signal power compared to the interference is above an eNB known threshold.

[0026] The UE performs power ramping in order to ensure that a 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 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.

[0027] 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.
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[0028] 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 format is indicated together with the transmitted message.

[0029] 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.

[0030] The eNB could calculate a difference between the path loss estimated in
the downlink compared and the path loss of the uplink. However, this calculation is not
possible if power ramping is used and the UE transmit power for the preamble does not
comrespond 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 hés been proposed to code the path loss or CQlI
estimation of the downlink and the message size or the cause value in the uplink in the
signature.

[0031]

[0032]

[0033] Brief Description of the Drawings

[0034] FIG. 1 illustrates a block diagram illustrating network structure of an
evolved universal mobile telecommunication system (E-UMTS).
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[0035] FIG. 2 illustrates a block diagram depicting architecture of a typical E-
UTRAN and a typical EPC.

[0036] FIG. 3(a) illustrates the user-plane protocol for the E-UMTS.

[0037] FIG. 3(b) illustrates the control-plane protocol stack for the E-UMTS

[0038] FIG. 4 illustrates a Structure of the physical channel.

[0039] FIG. 5 illustrates a Random Access procedure for E-UTRAN initial access.

[0040] 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. 1
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Fig. 4
Structure of the physical channel
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Fig. 5

Random Access procedure for E-UTRAN initial access
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