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Attorney Docket No. UT13-0884-US

Section 1
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1. 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 muttiple 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)
80211 (Wi-Fi), IEEE 802.16 (WiIMAX), 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 | #© | # | #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 definedas a transmission time interval (TT1. 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,
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.
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One downlinl slot
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Figure 2. Resource grid for one downlink slot

In Figure 2, a downlink slot includes a plurality of OFDM symbols in time domain. I 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 downli:nk transmit bandwidth. The structure of an uplink slot may be same as that of the downlink

slot.
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Figure 3. Structure of downlink subframe
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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
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 (DCI). 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 (CRC) 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 is for a specific UE, a
unique identifier (e.g. cell-RNTI (C-RNTD) 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-RNTD) may be masked to the CRC,
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Figure 4. Structure of uplink subframe

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 carrying uplink control information.
The data region is allocated with a physical uplink shared channel (PUSCH) for carrying user data. To maintain a
single carrier property, one UE does not simultaneously transmit the PUCCH and the PUSCH. The PUCCH for one 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
@an a3 @D (23)
: <G>
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.
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Component carrier aggregation in LTE-A

As the increased demands for the high data rate transmission, the mobile communication system composed of
aggregated multiple CCs (component carriers) is 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 (2) 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 M<N 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<M<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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Figure 7. Configured cell, activated cell, de-activated cell

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 knlowledge of the existence of RS, RS can be classified into a dedicated RS (DRS) and a common
RS (CRS). That is to séy, 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.
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system which supports up to four number of antenna. Here, | -
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case and extended CP case, respectively for 3GPP LTE

3 .
mean cell specific common RS to be

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

o
specific RS,, 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
= 6m+(v+vy, Jmod6 0 if p=0and/=0
0,N%, -3 if pe{0) 3 if p=0and/=0
l= 1 if {23} _ 3 1fp=landl=0
. PE Y=o if p=land/=0
m=0,l,...,2-NRB -1 3(ns lTlOdZ) ifp=2

m' = m+ NJP — Ny 3+3(n, mod2) if p=3
Vyin = Noy mod 6
DRS

Normal CP Extend CP

10
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k=) mod N2 + NP - npg
. { Am v, if ‘f {23} :
T 4m+(2 + vy )mod4 i { < {56} k=(kYmod NG + Ng° - ftppg
3 I'=0 | k':{ 3+ if =4
6 I'=1 3MH(2+ Vg )mod3 i [ =1
=12 ro2 1={4 Ie{0,2}
5 I'=3 1 I'=1
1’={0’1 if n,mod2=0 ;l,z{o if m, mod2 =0
23 ifn,mod2=1 ? ‘ 1,2 ifmmod2=1
m'=0,1,...,3NFoS — 1 ’ = 0,1, ANTSCH _
Vgin = N mod3
DL cell
Here, % and P mean subcarrier index and antenna port. And Nrg , s , "D 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 21 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%.
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28l 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 muiltiple point transmission and reception)

In order to reach the requirement of LTE-advanced, coordinated multipoint (CoMP) transmission (it is usually
renamed as co-MIMO, collaborative MIMO, network MIMO, etc) has been 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 (ICD reduces cell-edge UE performance and average sector throughput under multi-
cell environment with frequency reuse factor 1. To mitigate ICI, 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 ICI 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 CoMP 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 mu/tiple transmission points, e.g. 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 sefection with muting: PDSCH is transmitted from one point and some points within CoMP
cooperating set do not transmit any data and control 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 follows:

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

Coordinated Scheduling/Beamforming (CS/CB): PUSCH is received only at a one point but user
scheduling/beamforming decisions are made with coordination among cells corresponding to the CoMP
cooperating set.

Downlink channel state information (CSI) feedback

i2
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MU-MIMOOJJA = OHE|L} domainOjlA] multiplexing E|= UEZtS| ZHY xfd =xsl7] 2o T=k &g
accuragyZ} HEHIE 22l UE # ofLj2} multiplexing Zl= CHE UEQ| Zi4ol= 2 &2 O]X|7| OFo|ck
kA LTE-AGA = mEH xid accuracy® £017| 8l 2|Z PMIZ long term and/or wideband PMIQI W19}
short term and/or sub-band PMIQI W2 E2 LI50f €A 5= Z0| ZEHEQUCE

£ Ad Hez28FH lLto] £E PMIZ R48l= hierarchical codebook transformation 2E49| OA| 2 Ofcf et
2o} xl22| long-term covariance matrixZ 0|-83}0] codebooks transformdle Z{0| QULE

W = norm(WIW2) 1)

Qo L=l W2 (=short term PMD& short-term ki E HEZ BHYsL7| 8] FHEOZ codebooke| codeword
o|H, W 2 transform&l %|ZE codebook?| codeword, norm{A) 2 8 A o| Zt column & nomo| 12

normalization=l ¢§ &2 o|O|stC}.

71E Winp W2e| TajE el e chaat 2ot

(=2 0

X 0 ) .
WI@) = 0 x| where X, is Nt/2 by M matrix.

(e e e » .
W2(j)= e oo | (frank=r), where 1<%,/,m<Mandk,/, mareinteger.
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A7) codeword PR cross polarized antennas AFRSH= 8F1 QHEILE ZF ZHZd0] Qs AL (EAF Q1
OHE|LL ZF A2|7t Al TRl B 0[5l A T WA A9 correlation EME BHAsi0] MAH
TR 0L} Cross polarized OHH|LIC| AR QHEHLFE horizontal antenna groupd} vertical antenna group 22 &
g £ Qe 4 otEiL OF2 ULA(uniform linear array) OHH|LIS| EAME 7IX|H, = QHELL O18L co-
located=|O] ULt MetA] 2F Z1EQ] OtE|LE ZF correlation2 £2U$t linear phase increment S48 7}A[H, OHH|Lt
& 7t correlation 2 phase rotationE £/48 Z=r} Codebook2 AT xfYE quantization T+ Zr0|7] LWE0|
sourcedf] &ligsh= MEL| ES A= BIESL0] codebookS MASh= 70| ER3ICH Yol HolE )
M7 FEZ BHE rank 1 codewordE O &2 % ojziet A EMO| 4] 0F OrESH= codewordd

UrYEIe S BelE 4 QCk

X, (k)

W) *W2()=| o ©

2 AojA codeword= Nt (Tx QHE||L-t =) by 1 2] vector2 BEHE|H A€ vector f(k) 9} &9 vector
a X, (k)

EE FXEgF K05, 222 horizontal antenna groupil} vertical antenna group®} correlation 548

X )
HoELL "(k)—t— 2t OHEL} 1 B0l CHE|L; ZF correlation EME HIHY
HEHZ Bste Z0| ReloH, HEXQ o2 DFT 3Ee o|l8d %

5L0f linear phase increment& Zt=
k.

;90

re

CoMPE SSlIME EC} &2 X9 accuracy?t ERSICE CoMP JTS| 22 oy 7|X|=0| E UEO|HA
PEOIEIE ¥ TSEE O|ZFOE OELIl XI2IM2E BAEO Y MIMO AAHSE 715 o 4
£t &, JTOA MU-MIMOE St Z 2% single 4 MU-MIMOS} OHEFZ7FX| 2 co scheduling E|&= UEZE 7Hd S
Sh7| Q3 =2 +=FEL| MY accuracy?} 27 EICL CoMP (Bo| Ze YA| oI o] MY doj F= 7Hde
Slm|5t7] YshAM gk e &It 2FECH

1Y)
of

.El 30 of 1A
I

Restricted RLM and RRM/CSI measurement

Interference coordination2] 3t RIHO R aggressor 40| Y& physical channel| transmission power/activity =
E0|& (zero power2 HEst= EAMA] Z8 silent subframe(almost blank subframe; ABSZ}11 & 2z 2le)2
AHESEL victim 40| O]& 11B{5}0] UEE schedulingdle= time domain inter-4 - interference coordination0]
7tsdtct O] B victim 4 UES| QUEOA &= interference levelO| subframe0)| M2}A] 371] HSlSHA El=0, o]

M=o Zt subframeOM 2] Bt HElst radio link monitoring(RLM)O|L} RSRP/RSRQ 52 measuredt= radio
resource management (RRM) EEHE 8L link adaptationS 2|8lA] channel state mformation(CSI)%

ZH-E17] I, 7] monitoring/measurementt 2Lt interference EA42 XKL= subframe?| setS&
Tt 0{OF TICL 3GPP LTE systemOfjAl= OF2iQ} Z0| restricted RLM and RRM/CSI measurement?} O] 5| SiCt

UE procedure for reporting Channel State Information (CS)
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The time and frequency resources that can be used by the UE to report CSI which consists of channel quality
indicator (CQI), precoding matrix indicator (PMI), precoding type indicator (PTI), and/or rank indication (R]) 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.

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 Cggjg and Cegy; are
configured by higher layers.

CSI 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.

I a UE is not configured for simultaneous PUSCH and PUCCH transmission, it shall transmit periodic CSI reporting
on PUCCH as deﬁnecﬁ 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 ServCefllndex 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 ¢, uponk decoding in
subframe 77 either:

- an uplink DCI 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 €SI request field Description
00’ No aperiodic CSI report is triggered
‘or Aperiodic CSI report is triggered for serving cell ¢
‘10° Aperiodic CSI report is triggered for a 1%t set of serving
is5
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cells configured by higher layers

‘11° Aperiodic CSI report is triggered for a 2™ set of

serving cells configured by higher layers

PDCCH assignment procedure in LTE-A

The control region of each serving cell (i.e. CC) consists of a set of CCEs, numbered from 0 to Necg ; ~1, where
Neeg, s 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 PDCCHs 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,(f) 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 7 of the search space S]({L) are given by

L {(%; +m’ymod I_NCCE,k /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 +MD -y where ngy is the carrier indicator field value, else if the monitoring UE is not
configured with carrier indicator field then ' =m, where m=0,---, MY 1. MY 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 (ie.
PCQC). 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

16
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search space for PDCCH without carrier indicator field, if the UE is configured with a carrier indicator field it shall
monitor the UE specific searc‘h space for PDCCH with carrier indicator field,

i
A UE is not expected to monitor the PDCCH of a secondary cell (i.e. SCQ) 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.

]
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 ngcg in the
- 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 DCI format size with CIF, and
CRC scrambled by C-RNT], where the PDCCH candidates rmay 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
D format size.

The aggregation levels defining the search spaces are listed in Table 12. The DT 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_; =npym =0, 4=39827, D=65537 and k= Lns /2j, n, is the slot number within a radio frame. The

RNTI value used for #,,,, is defined in [3] as a kind of UE's ID.

Table 12: PDCCH candidates monitored by a UE

Searsh space gg-} Number of szgi%

Type | Aggregation level Z Size [in CCEs] candidates A/
1 B 5
UE- 2 i2 &
specific 4 P S
8 i5 2
4 18 4
Commeon 3 ErS 3

ACK/NACK transmission for LTE-A
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LTE-A AIZBHOIAE 20| DLCCE Soff HSE 24:0| PDSCHO| Cigh 540 ACUNACK Be/Az8 £3 UL
CCE B¢ sl 72 a8t QUL O|E 8 7= Rel-8 LTEOJA{2] PUCCH format 1a/1bE 0| &3t
ACK/NACK ®&Tb= e, 40 ACK/NACK HEE MY ZY (eg. Reed-Muller code, Tail-biting convolutional
code, etc)st = PUCCH format 2, === O}2lje} &2 Block-spreading 71&to| HEEl HE|O| M2 PUCCH format
(ie. E-PUCCH format) 0|2510] 49| ACK/NACK BE/MBE MEd= HE N5dE £ ULt

— A

- Block-spreading

Block-spreading 7|Bl2 A0 HE/ME (eg. ACK/NACK etc) M&E 7|& LTEO|AMS| PUCCH format 1 EEE= 2

H = CHEX| SC-FDMA #alg O|835H0] Bz 2 o|Ct O] 2AIofAM = Figure 100jA{2t 20| A=
sequence’} OCC (Orthogonal Cover Code)0ff 2|dl| time-domain spreadingE]0] F& &= HEJO|H, OCCE
o|28lo] =gl RBO| Of{ UEEQ| A0 MSES muliiplexingA|Z! = QICL A Q] PUCCH format 20| M=
SHLte| AE sequence?} A7 FHO| ZA FM&E|T CAZAC sequence?| cydlic shift (le. CCS)2 0|8310] UE
multiplexing® £=3&l= Ui, Block-spreading 7{Hto] E-PUCCH format| AL oLt ME sequence?} FIfg=
Folo| ZH MAED OCC 7|¥He| time-domain spreading® O|&3H0] UE multiplexingS £33tC} tLto| o=
Figure 101} ZHo| sfLfo} Al sequencé—S— lengh-5 (SF = 5)2] OCCE 0|&23%}0] 57)|2] SC-FDMA AMEg MMA|F
&S WYE LIEMHDE O8] ojA|ojM = Lslot &t & 272 RS HMES ALESIRX|TL 3742 RS MEE
AMESI SF = 42| OCCE 0|8t+= 4A & CHYst 885 AT = ULk 2|4, RS HE2 EH cydlic shiftg
b= CAZAC sequenceZ R E| Y& 4 A20, AlZh G| B4 RS HEO &8 OCCOF HEE (ST €Ejz

2 % Uk

N

2
o 7l

l - 8ymbol sequence ={d1,d2;..} . |

Block-spreading »~ """ """~ B e = T T ————
code (OCC)  ‘__ . ece®  cs® o4  c )
|FFT] [FFT] »]FFT|
[ IFFT { | IFFT \ | IFET |
| l l
= I Data i l Data ‘ | Data
< 1 Slot B>

Figure 10. Block-spreading - 7|g2e| E-PUCCH format OA| (i.e. PUCCH format 3)
Aol HolE fsl, PUCCH format 2 EE= E-PUCCH formatE AM238H= 0|23t AE RY 7|Hie] B4
ACK/NACK M& HAE “multi-bit ACK/NACK coding” F# gHHo|2t Asict o W2 24 DL CC2| PDSCHO||
Ciish ACK/NACK = DTX FHE (PDCCHE 4A/HESHK] 28 QnDES MY ZYst0 MHE ACK/NACK
coded blockg F43l= e LIERHCE |2 S0] SHH0] 0 DL CCOIA SU-MIMO modeZ E%+s10] 2749
codeword (CW)E $=AISHCHH O CCOjf CHsl CW HE ACK/ACK, ACK/NACK, NACK/ACK, NACK/NACKS| & 479}
feedback stateE T &SI ALL DTXTFA] =SS0 %O 5712 feedback state® 7}E 4= QICh EESE OROF CHEfO)

O

single CW £=A12 $HCHH ACK NACK, DTXS| A{Cj| 371 state2 7FE 2= QIC} (BHE NACKS DTXS} = st
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Hejstotd ACK, NACK/DTXS] & 27f stateE 71& £ QL. WekA] OFefF Tiato] #|Cf 5742] DL CCE
aggregationdtil 2& CCOA SU-MIMO mode2 BSICIH O 55740 M& JHsdt feedback stateE 712 %=
QI3 O] EBB}7| 98t ACK/NACK payload AfO|=& 2 12 bits7} EIC} (TQF, DTXE NACKD} £sHA|

K E|BHCHH feedback state 2= 45747} E|31 O|2 E#SI7| 98+ ACK/NACK payload AFO|=&= & 10 bits7} EICP.

7|E Rel-8 TDD A|AHIO| HEE|&= A2l ACK/NACK multiplexing (i.e. ACK/NACK selection) BFE{0fA &,
Z|2®og ZF UEC| PUCCH AIE SR E 28| 8T UEQ] 2t PDSCH% A2 EESH= PDCCHO| CHS E)+= (e
lowest CCE QIEIAQ} ElTE|0{ Q) implict PUCCH AHRIE AIE 3= implicit ACK/NACK selection BAlg2 ne{sta
QUL BHE, LTE-A FDD A|AHEIOME= 7|EX SR UE-specificst A AHE|= SlLtel EF UL CCE E510 B2
DLCCE Bl FaE S0 PDSCHO| Ciph S ACK/NACK T&E st QU2 0|8 s 53 52
EL 0E DLCCE AH S8 6H= PDCCHOY| 81350 U= (e lowest CCE olElA nCCEY 2AE0UEE, &
nCCEQ} nCCE+10]| 2/ R|0fY4=) implicit PUCCH X}2l =& s|E implicit PUCCH X}&ID RRC signalg £3)
UEOIA] O]2| o=l explicit PUCCH XHRIQ| e AF28H= "ACK/NACK selection” HiAlE {8t ULk

me
e

N 1o

$HE, LTE-A TDD A|ABIOIME 49| CCT} aggregation (CAE &g Tefs 4 20, o[o] et B4e| DL
subframeD} B2 CCE B¢l M&E E5=0| PDSCHO|| L3t B4 ACK/NACK HE/MZE, i S DL
subframe0f] TS El= UL subframeOl Ml 3 CC (ie. A/N COZ Eof MAsh S TaslT QUL 0] 7|AS A
LTE-A FDDOjlA Qb= EE|, UEMH e 2ZE CCE 84l tsE == U= O QW 0] CiSEl= B
ACK/NACKS, 22 DL subframe (ie. SF) S50 CHSH0] Madhe BHAl (le. full ACK/NACK)S TDa{St7L}, Ei CW
and/or CC and/or SF domaind| CHsH ACK/NACK bundlingS Z838t0] MA| ®z ACK/NACK £2 S0jA Masi=
HHAL (ie. bundled ACK/NACK)S T2{& 2= QIC} (017|A], W bundling®] < b DL SFOjj CHsff CCH2 CWoj|

CHEH ACK/NACK bundling® ®8%H= A8 9|0]3}al, CC bundling?| 72 Z+ DLSFO|| Cisl BE =2 U= CCoj
CHSE ACK/NACK bundlingS ®&3%H= A2 o|n]stl, SF bundling?] Z<L 2k CCOj| ti3| =& =2 A= DLSFOf]
CHEH ACK/NACK bundling® X&83t= A2 o|Ojsich SAF o2 SF bundling HHHO2M, CC 2H2Zhof| CHs) =4l

25 PDSCH or DL grant PDCCHO| CHI0] CCHE & ACK 7= (28, Y8 ACK 748 YL "ACK-counter”
drAl2 TEfsh 2~ QICH. O, UES ACK/NACK payload, = Z+ UEEZ AHE full or bundled ACK/NACK M&S
{3t ACK/NACK payload2| AtO|=0f 2} “multi-bit ACK/NACK coding” £ “ACK/NACK selection” 7|kto)
ACK/NACK F2 7|& configurablest?] & &% 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, tiwo 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, on!y
HARQ-ACK bundling is supported.

i9
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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 agaregating 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 A4 multiple DL subframes associated with a single UL
subframe 3 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.

For TDD HARQ-ACK multiplexing and a subframe nwith A4 >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 n 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 A4 multiple DL subframes associated with a single UL subframe 1, 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 bundied
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 A4 _multiple DL subframes associated with a single UL subframe 5, where A4 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 A4 multiple DL subframes associated with a single UL subframe n, where A4 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 A4 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, 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, ¢, associated with an UL
subframe 7 based on the number of configured serving cells, the downlink transmission modes configured for each

serving cell and A/ which is the number of elements in the set K defined in Table 12 according to

20

Coarvy mrasuidad by IQDTE fvrrs e IEW livaare Flaboblsmmo e 0 7/<4 /00 4



Artorney Docket No. UT13-0884-US

Section 1

¢
0= ZOCACK where C s the number of configured cells, and Q7% is the number of HARQ-bits for the for the
=1

¢th 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 €[pg, p11) 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 only 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 34 is the number of elements in the set K defined in Table 12, the UE shall use PUCCH
resource n%,lfj’(’:)cﬂ for transmission of HARQ-ACK in subframe » on antenna port p for PUCCH format 1a/1b,
“where ‘ 4
If there is PDSCH transmission indicated by the detection of corresponding PDCCH or there is PDCCH indicating
downlink SPS release within subframe(s) n—%, where ke K and K (defined in Table 12) is a set of M elements
{kosdep - kyg 1 } depending on the subframe 7 and the UL-DL configuration, the UE first selects a ¢ value out of

{0, 1, 2, 3} which makes N_ < nceg < N, and shall use

ngﬁ’gcpﬁ) =(M —m—1)- N, +m- Ny +nece + Nocy for antenna port £ = P0, where N{chcﬁ is
configured by higher layers, N, = ma.x{o, L[N%‘ A(NEB.c—4))/36 _]} cand neep is the number of the first CCE
used for transmission:of the corresponding PDCCH in subframe #—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

RSB = (M ~m—1)- N, +m-Ngyy +nccg +1 + Ny Where ¢ value out of {0, 1, 2, 3} is chosen which
makes N, <nccp+1<N gl

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 shali use PUCCH format 1la/1b and PUCCH resource nSI’JIC;)CH
with the value of nl(,lu’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

nf,t,‘ééﬁ") for antenna port po and the second PUCCH resource nk(,lt}f;ﬁ‘) for antenna port pj, otherwise, the

PUCCH resource value maps to a single PUCCH resource iy 22’ for antenna port py.

Table 12: Downlink association set index X - {kq,k, --kj;_y} for TDD
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UL-BL Subframe n
Configuration

0|1 2 3 4 5| 6 7 819
0 - | - 8 - 4 - - 8 - | 4
1 -] - 7.6 4 - - - 7,6 4 | -
2 - | - 8,7,4,6 - - -1 - 8,7,46 | -|-
3 -] - 7,6, 11 6,5 541 - - - - | =
4 -1 - 12,8, 7, 11 6,5,4,7 - - - - = | =
5 -1 -113,12,9,8,7,5, 4,11, 6 - - - - - -i-
6 -] - 7 - - -

For TDD HARQ-ACK multiplexing and sub-frame » with 4/ >1 and one configured serving cell, where A4 is the

number of elements in the set K defined in Table 12, denote "%%CCH ; 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; € 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; € K, the
PUCCH resource ng%CCH ;=M —i-1)-N;+i-Ngyy +0cCE; +N§,§}CCH, where ¢ is selected from {0, 1, 2, 3}
such that N, <nccg; < Neyp, Ne= max{@, L[NE% -(WEB.c—4)]/36 J} . Bocg,; 1S the number of the first CCE
used for transmission of the corresponding PDCCH in subframe #—k;, and NiYccq is configured by higher layers.
For a PDSCH transmission where there is not a corresponding PDCCH detected in subframe n—k;, the value of

n%,%CCH ; Is 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),5(1) on PUCCH resource

n%’%CCH in sub-frame # using PUCCH format 1b. The value of 5(0),5(1) and the PUCCH resource ng&CCH 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 A/ = 2

HARQ-ACK(0), HARQ-ACK(1) - b(0),5(1)
ACK, ACK I, 1,1
ACK, NACK/DTX , NS ccio 0,1
NACK/DTX, ACK : O 0,0
NACK/DTX, NACK . 1,0
NACK, DTX . 1,0
DTX, DTX No transmission

Table 13-2: Transmission of HARQ-ACK multiplexing for A/ = 3
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HARQ-ACK(0), HARQ-ACK(1), HARQ-ACK(2) 7D oo b(0), (1)
ACK, ACK, ACK O, 1,1
ACK] ACK, NACK/DTX 7 o 1,1
ACK, NACK/DTX, ACK nSyceHo 1,1
ACK, NACK/DTX, NACK/DTX Aoccio 0,1
NACK/DTX, ACK, ACK A 1,0
NACK/DTX, ACK, NACK/DTX Aocci 0,0
NACK/DTX, NACK/DTX, ACK Mhocchs 0,0
DTX, DTX, NACK Mocciz 0, 1
DTX, NACK, NACK/DTX - 1,0
NACK, NACK/DTX, NACK/DTX ncco 1,0
DTX, D1X, DX No ransmission

Table 13-3: Transmission of HARQ-ACK multiplexing for M/ = 4
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HARQ-ACK(0), HARQ-ACK(1), HARQ-ACK(2), HARQ-ACK(3) n®cen b(0),b(1)
ACK, ACK, ACK, ACK eycci 1,1
ACK, ACK, ACK, NACK/DTX . 1,0
NACK/DTX,NACK/DTX,NACK,DTX . 1,1
ACK, ACK, NACK/DTX, ACK cci 1,0
NACK, DTX, DTX, DTX Medccro 1,0
ACK, ACK, NACK/DTX, NACK/DTX Moccn1 1,0
ACK, NACK/DTX, ACK, ACK MSccrs 0, 1
NACK/DTX, NACK/DTX, NACK/DTX, NACK A, 1,1
ACK, NACK/DTX, ACK, NACK/DTX Mooeci 0,1
ACK, NACK/DTX, NACK/DTX, ACK Mecio 0,1
ACK, NACK/DTX, NACK/DTX, NACK/DTX nSyccio 1,1
NACK/DTX, ACK, ACK, ACK ASccis 0,1
NACK/DTX, NACK, DTX, DTX nSccm 0,0
NACK/DTX, ACK, ACK, NACK/DTX Medccia 1,0
NACK/DTX, ACK, NACK/DTX, ACK ncchs 1,0
NACK/DTX, ACK, NACK/DTX, NACK/DTX Mccin 0,1
NACK/DTX, NACK/DTX, ACK, ACK A ccis 0, 1
NACK/DTX, NACK/DTX, ACK, NACK/DTX nSccna 0,0
NACK/DTX, NACK/DTX, NACK/DTX, ACK BSccis 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)

()
ZpiccH

b(0)Yb(1)

ACK, ACK - 1,0
ACK, NACK/DTX nlccmo 1,1
NACK/DTX, ACK nScen 0,1
NACK, NACK/DTX nSieco 0,0

DTX, NACK/DTX

No Transmission

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

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

ACK(2) ncen b(0)b(1)
1
ACK, ACK, ACK T 1, 1
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ACK, ACK, NACK/DTX S 1,0
ACK, NACK/DTX, ACK nSYccna 1,0
ACK, NACK/DTX, NACK/DTX nScco 1,1
NACK/DTX, ACK, ACK ndccm 0, 1
NACK/DTX, ACK, NACK/DTX A 0,1
NACK/DTX, NACK/DTX, ACK nSCCH 0,0
NACK, NACK/DTX, NACK/DTX nSccH,0 0,0
DTX, NACKIDTX, NACKIDTX No Transmission

Table 14-3: Transmission of HARQ-ACK multiplexing for A7 = 4

HARQ-ACK(0), HARQ-ACK(1), HARG-ACK(2), HARQ-ACK(3)

()
pyccH

b(0)b(1)

ACK, ACK, ACK, ACK

O
PUCCH,t

1,1

ACK, ACK, ACK, NACK/DTX nSccH 1,1

ACK, ACK, NACK/DTX, ACK nSdccHo 1,0

ACK, ACK, NACK/DTX, NACK/DTX L0 - 1,0
ACK, NACK/DTX, ACK, ACK nSccus 1,1

ACK, NACK/DTX, ACK, NACK/DTX O 1,0
ACK, NACK/DTX, NACK/DTX, ACK nSecto 0,1
ACK, NACK/DTX, NACK/DTX, NACK/DTX nSYccno 1,1
NACK/DTX, ACK, ACK, ACK O a— 0,0
NACK/DTX, ACK, ACK, NACK/DTX S 0,1
NACK/DTX, ACK, NACK/DTX, ACK n$ccn 3 1,0
NACK/DTX, ACK, NACK/DTX, NACK/DTX O — 0,1
NACK/DTX, NACK/DTX, ACK, ACK nSdcck 3 0,1
NACK/DTX, NACK/DTX, ACK, NACK/DTX ez 0,0
NACK/DTX, NACK/DTX, NACK/DTX, ACK nSccns 0,0
NACK, NACK/DTX, NACK/DTX, NACK/DTX nSccto 0,0

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

No Transmission

TDD HARQ-ACK procedure for more than one configured serving cell
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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. D) 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
two configured serving cells. TDD UL-DL configuration 5 with channel selection for two configured serving cells is
not supporied.

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 A <2 where M is the number of elements in the set K defined in Table 12, the UE
shall transmit p(0)p(1y on PUCCH resource ngl?lCCH selected from A PUCCH resources, ”Q&CCH ; Where
0<i<Ad-1 and 4e {2,3,4}, according to Tables 15-1, 15-2, and 15-3 in subframe #» using PUCCH format 1b. For a
subframe nwith A =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() and 4 PUCCH
resources are given by Table 18. For a subframe nwith 34 =2, HARQ-ACK() denotes the ACK/NACK/DTX response
for a PDSCH transmission or SPS refease PDCCH within subframe(s) given by set K on each serving cell, where the
subframes on each serving cell for HARQ-ACK() and 4 PUCCH resources are given by Table 16. The UE shall

determine the 4 PUCCH resources, ”l(’%CCH i where 0<i< 4—1 ordered according to the serving cell in

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

- for a PDSCH transmission indicated by the detection of a corresponding PDCCH within subframe(s) n—k,,,
where %, € K on the primary cell, or for a PDCCH indicating downlink SPS release within subframe(s) n—k,,,
where &, € X on the primary cell, the PUCCH resource is
nf,BCCH,,. = (M -m- i)» N, +m-N_, + e +NI(,3CCH . where ¢ is selected from {0, 1, 2, 3} such that
N, <hecgp <Ny N, = max{ 0, I_[Ng (V2P .c—4)1/36 J } , and for a subframe nwith A4 =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,gcml. +1 Is given by

nlEBCCH,iH = (M —m—i)«Nc +m- N

es1 T Hccpm 1N, ® o Where Becem 1S the number of the first

CCE used for transmission of the corresponding DCI assignment and N$D.cq is configured by higher layers.
- for a PDSCH transmission on the primary cell where there is not a corresponding PDCCH detected within
subframe(s) n—k, where k e K, the value of ng%CCH ; s determined according to higher layer
configuration.
- for a PDSCH transmission indicated by the detection of a corresponding PDCCH within subframe(s) #—k,
where ke K on the secondary cell, the value of MQ%CCH ;+ and the value of n}%ccm 4+ forasubframe 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
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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 @ 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 A =2, a

PUCCH resource value maps to two PUCCH resources (nf,l()JCCH ’ian%,%CCH J +1) otherwise, the PUCCH resource

value maps to a single PUCCH resource ”gl)jCCH j - 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 cells in a given

subframe.
Table 15-1: Transmission of HARQ-ACK multiplexing for 4 = 2
HARQ-ACK(0), HARG-ACK(1) nSocen b(0)b(1)
ACK, ACK O 1,0
i ACK, NACK/DTX nSccro 1,1
 NACK/DTX, ACK nSecr 0, 1
NACK, NACK/DTX nSccro 0.0
DTX, NACK/DTX No Transmission
Table 15-2: Transmission of HARQ-ACK multiplexing for A = 3
HARQ-ACK(D), gégg;ﬁ@%m, HARG- T o) OB
ACK, ACK, ACK n$dccHz 1,1
ACK, ACK, NACK/DTX 7S0cCcH,1 1,0
ACK, NACK/DTX, ACK nSccH. 1,0
ACK, NACK/DTX, NACK/DTX n$lcco 11
. NACK/DTX, ACK, ACK nSccH. 0,1
NACK/DTX, ACK, NACK/DTX nSccH.L 0,1
NACK/DTX, NACK/DTX, ACK n$ccH2 0,0
NACK, NACK/DTX, NACK/DTX n$ccio 0,0
DTX, NACK/DTX, NACK/DTX No Transmission
Table 15-3: Transmission of HARQ-ACK muitiplexing for 4 = 4
HARQ-ACK(0), HARQ-ACK(1), HARQ-ACK(2), HARQ-ACK(3) A - B(0Yb(1)
. ACK, ACK, ACK, ACK S 1,1
ACK, ACK, ACK, NACK/DTX nblocte 1, 1
ACK, ACK, NACK/DTX, ACK nSdccio 1,0
ACK, ACK, NACK/DTX, NACK/DTX o — 1,0
ACK, NACK/DTX, ACK, ACK nS0ccH;s 1,1
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ACK, NACK/DTX, ACK, NACK/DTX nSbccra 1,0
ACK, NACK/DTX, NACK/DTX, ACK nSYccHo 0,1
ACK, NACK/DTX, NACK/DTX, NACK/DTX nScCH.0 1,1
NACK/DTX, ACK, ACK, ACK ngﬁcm,l 0,0
NACK/DTX, ACK, ACK, NACK/DTX nRecnn 0,1
NACK/DTX, ACK, NACK/DTX, ACK nSccms 1,0
NACK/DTX, ACK, NACK/DTX, NACK/DTX nSYccm.1 0,1
NACK/DTX, NACK/DTX, ACK, ACK nSYocHs 0, 1
NACK/DTX, NACK/DTX, ACK, NACK/DTX nSYocH2 0,0
NACK/DTX, NACK/DTX, NACK/DTX, ACK nSocns 0,0
NACK, NACK/DTX, NACK/DTX, NACK/DTX nSccko 0,0
DTX, NACK/DTX, NACK/DTX, NACK/IDTX No Transmission

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

HARQ-ACK())
HARQ-ACK(0) HARQ-ACK(1) HARQ-ACK(2) 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 » with A4 >2 and
two configured serving cells, where A4 is the number of elements in the set K defined in Table 12, denotes
ng%CCH ; 0=<is<3asthe PUCCH resource derived from the transmissions in A4 DL sub-frames associated with
the UL subframe 1. ncene and ey, are associated with the PDSCH transmission(s) on the primary cell and

n,ﬁ%ccm and nr(,BCCH,S are associated with the PDSCH transmission(s) on the secondary cell.

For Primary celk:

- 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 nf,ll)}CCH,o is determined according to higher layer configuration.

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

nf:ﬂcm,l = (M —m~l) N, +m-N ., +neg +N1(’3ccn where ¢ is selected from {0, 1, 2, 3} such
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7

that N, <rnigeg,, <Ny N, =max{ 0, L[N% (VIR .c-4)]/36 J} ,where Fiep , isthe
number of the first CCE used for transmission of the corresponding PDCCH in subframe n—%, and
N}(,IL)ICCH is conﬁg%red 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 ' ;.

Otherwise, E ,
for a PDSCH i:ransn"nission on the primary cell in.dica'ted by the detection of a corresponding PDCCH within
the subframe(s) » .—km ,where &, e K wi{h the DAI value in the PDCCH equal to either '1' or ‘2’ ora
PDCCH indicating downlink SPS release within the subframe(s) 7#—k,,, where k, € K with the DAI
value in the PDCCH equal to either "1’ or 2, the PUCCH resource

nQccn =M —m=1)-N, +m- N, +neeg ,, + Nitoen - where ¢ is selected from {0, 1, 2, 3} such
that N, < ngcg, < Ny N, =max{0,| [N -(VE® -c—4)]/36 |}, where ngegy isthe

number of the first CCE used for transmission of the corresponding PDCCH in subframe 7 —km ,

NI(,BCCH is configured by higher layers, i =0 for the corresponding PDCCH with the DAI value equal to
"1"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 DAI value in the PDCCH equal to ' j +1".

For Secondary celk:

for a PDSCH transmission on the secondary cell indicated by the detection of a corresponding PDCCH on the
primary cell within the subframe(s) #—%,,, where k,, € K with the DAI value in the PDCCH equal to either

1" or ‘2, the PUCCH resources n{ecy; = (M ~m-1)-N,+m-N,,, + Aoce.m + Niteen - Where ¢ s
selected from {0, 1, 2, 3} such that NV, <ngp <N, N, = max{ 0, L[N}S; (WEB.c-4)]/36 _|} .
where #ecy, is the number of the first CCE used for transmission of the corresponding PDCCH in subframe

n—k,, NSccu is configured by higher layers, i =2 for the corresponding PDCCH with the DAI value equal
to'l"and =3 for the corresponding PDCCH with the DAI value equal to 2.

for @ PDSCH transmission indicated by the detection of a corresponding PDCCH  within the subframe(s) n—#%,
where &k e K on the secondary cell, the value of n}(,ll}CCHﬂz and ni%ccua 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 subframe.

HARQ-ACK(), 0< j< M —1,isthe ACK/NACK/DTX response for the PDSCH transmission with corresponding
PDCCH and DAl value in the PDCCH equal to ' j +1".
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A UE shall perform channel selection according to the Tables 17-1, and 17-2 and transmit 5(0),5(1) on PUCCH
resource 750 in sub-frame 7 using PUCCH format 1b. The value of 5(0),5(1) and the PUCCH resource

n]f,BCCH are 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 A/ = 3

Primnary Cell Secondary Cell Resource Constellation | RM Code Input Bits
HARQ-ACK(0), HARQ- | HARQ-ACK(0), HARG- D 0(0), o(1), 0(2), o(3)
ACK(1), HARQ-ACK(2) | _ACK(1), HARG-ACK(2) "PUCCH 5.5

ACK, ACK, ACK ACK, ACK, ACK A0 S 1,1 1.1.11
ACK, ACK, NACK/DTX ACK, ACK, ACK . 0,0 1,041
ACK, NACK/DTX, any ACK, ACK, ACK O, 1,1 0.1.1.1

NACK/DTX, any, any ACK, ACK, ACK #®cons 0,1 0.0.1.1

ACK, ACK, ACK ACK, ACK, NACKDTX | #® curo 1,0 1.1.1.0
ACK, ACK, NACK/DTX |  ACK, ACK, NACKIDTX |  #Bccns 1,0 1.0.1,0
ACK, NACK/DTX, any | ACK, ACK, NACKIDTX |  #®ccso 0,1 0.1.1,0

NACK/DTX, any, any | ACK, ACK, NACKIDTX | n$%ccus 0,0 0.0,1.0

ACK, ACK, ACK ACK, NACK/DTX, any necie 1,1 1,1,0,1
ACK, ACK, NACK/IDTX |  ACK, NACK/DTX, any O 0,1 1,0,0,1
ACK, NACK/DTX, any |  ACK, NACK/DTX, any nSccH 2 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 R — 1,0 1,1,0,0
ACK, ACK, NACK/DTX |  NACK/DTX, any, any L — 0,1 1,0,0,0
ACK, NACK/DTX, any NACK/DTX, any, any nSccro 1,1 0,1,0,0

NACK, any, any NACK/DTX, any, any nSccro 0,0 0,0,0,0

DTX, any, any NACK/DTX, any, any No Transmission 0,0,0,0
Table 17-2: Transmission of HARQ-ACK multiplexing for A/ = 4

Primary Cell Secondary Cell Resource Constellation Rl Code Input Bits

HARQ-ACK(0), HARQ-ACK(0), HARG- ) o(0), o(1), o(2), o(3)

HARQ-ACK(1), ACK(1), HARQ-ACK(2), PUCCH 5(0).50)

HARQ-ACK(2), HARQ-ACK(3) ’

HARQ-ACK(3)

ACK, ACK, ACK, 0 ‘
NACKIDT ACK, ACK, ACK, NACKIDTX | n8ccn 1,1 1,1,1,1
ACK, ACK, D

NACKIDTX. any ACK, ACK, ACK, NACKIDTX | n8ccp 0,0 1,0,1,1
ACK, DTX, DTX, DTX | ACK, ACK, ACK, NACKIDTX | ndccm s 1,1 0,1,1,1
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e ACK, ACK, ACK, ACK, ACK, NACKDTX | #® e 1,1 0,1,1,1
ooy DT 20, B0V, | pck, ACK, ACK, NACKIDTX | n@ccn s 0, 1 0,0,1, 1
(ACK, NACKIDTX,
?2&”3%;"5%’: for | ACK, ACK, ACK, NACK/DTX ng,gccm 0, 1 0,0,1, 1
DTX)
oo G | ack, Ack, NaCKIDTX, any | 1) ecar 1,0 1,1,1,0
ﬁggﬁgﬁx any ACK, ACK, NACK/DTX, any ngi)lCCHﬁ 1,0 1,0,1,0
ACK, DTX, DTX, DTX | ACK, ACK, NACKIDTX, any | nccpo 0, 1 0,1,1,0
Qgﬁ’ ACK, ACK, ACK, ACK, NACK/DTX, any ng%m,o 0, 1 0,1,1,0
:‘QCK’DTX' BY: @Y. | ACK, ACK, NACKIDTX, any | n$dccu s 0.0 0,0,1,0
(ACK, NACK/DTX,
?}g‘éﬁ’g’%{"ﬁ%@f for | Ack, ACK, NACK/DTX, any nSccs 0,0 0.0,1,0
DTX)
T ACK, DTX, DTX, DTX Rdcchs 1,1 1,1,0,1
Qggﬁg_&ACK, ACK, ACK, ACK, ACK ngl))CCH,Z 1,1 1,1,0,1
égéKlf\DcT}é’,\ any ACK, DTX, DTX, DTX ”gl)JCCH,z 0,1 1,0,0,1
A S any ACK, ACK, ACK, ACK O 0,1 1,0,0,1
ACK, DTX, DTX, DTX | ACK, DTX, DTX, DTX nP e 1,0 0,1,0,1
ACK, DTX, DTX, DTX | ACK, ACK, ACK, ACK nSccn 1,0 0,1,0,1
ﬁg:? ACI ACK ACK, DTX, DTX, DTX ”gt)iccm 1,0 0,1,0,1
Ak ACIG ACK ACK, ACK, ACK, ACK NN 1,0 0.1,0.1
o IDTX, any, any. | ack DTX, DTX, DTX O 0,0 0,0,0, 1
NACK/DTX, any, any, o
oy ACK, ACK, ACK, ACK /. 0,0 0,0,0,1
(ACK, NACKIDTX,
?Xé’Ka%%; XIS%J: " | ACK, DT, DTX, DTX ”gl)jCCH,z ,0 0,0,0,1
DTX)
(ACK, NACKIDTX,
A TR STR fo" | ACK, ACK, ACK, ACK nidccn 0,0 0,0,0,1
DTX)
NACKIDTX | NACKIDTX, any. any. any | nfccy 1,0 1.1,0,0
{ACK, NACK/DTX, any, any),
NACKIDTX ' | exceptior (ACK, DTX, DTX, | nccy 1,0 1,1,0,0
DTX) .
Sggﬁgg’( any NACK/DTX, any, any, any PbgcCH 1 0,1 1,0,0,0
ACK, NACK/DTX, any, any),
ACK, ACK, ( ) .
except for (ACK, DTX, DTX, BpiICCH 0, 1 1,0,0,0
NACK/DTX, any DTX) UCCH,1
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ACK, DTX, DTX, DTX | NACK/DTX, any, any, any nSccro 1,1 0,1,0,0
(ACK, NACK/DTX, any, any}, 1
ACK, DTX, DTX, DTX | except for (ACK, DTX, DTX, | %m0 1,1 0,1,0,0
DTX) ’
ACK, ACK, : 1
ﬁg? NACK/DTX, any, any, any n%’i)jCCH,O 1,1 0,1,0,0
ACK, NACK/DTX, any, any),
ACK, ACK, ACK, ( (1
ACK B)_%?g)t for (ACK, DTX, DTX, PBUCCH,0 1,1 0,1,0,0
NACK, any, any, any | NACK/DTX, any, any, any npYCCHD 0,0 0,0,0,0
(ACK, NACKIDTX, any, any), o
NACK, any, any, any E)_(lg;)pt for (ACK, DTX, DT RB{CCH,0 0,0 0,0,0,0
(ACK, NACK/DTX,
any, any), except for ‘ Q)
( ACK. DTX. DIX, NACK/DTX, any, any, any mhOCCH0 0,0 0,0,0,0
DTX)
ACK, NACKIDTX,
;”y' any), except for (ACK}?AC?CD T%?be%>’ (0] 0,0 0,0,0,0
(ACK, DTX, DTX, Sroep or (ACK, DTX, DTX, PBUCCH,0 ' ,0,0,
DTX) )
DTX, any, any, any NACK/DTX, any, any, any No Transmission 0,0,0,0
. (ACK, NACK/DTX, any, any),
DTX, any, any, any except for (ACK, DTX, DTX, No Transmission 0,0,0,0
DTX)

Table 18: Mapping of Transport Block and Serving 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 cell B2 Serving cell1 TB3 Serving celi2 NA
4 TB17 Primary cell T82 Primary celf TB3 Secondary celi 78B4 Secondary cell

PUCCH format 3 HARQ-ACK procedure

For TDD HARQ-ACK transmission with PUCCH format 3 and sub-frame 7 with # =1 and more than one
configured serving cell, where 84 s the number of elements in the set X defined in Table 12, the UE shall use

F2
PUCCH resource " PUCCH o

1,p)
PUCCH  for transmission of HARQ-ACK in subframe 7 on antenna port p where

(3.p)

for a single PDSCH transmission only on the primary cell indicated by the detection of a corresponding PDCCH
within subframe(s) n—k,. where k, ek 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) n—k,, where k, ek with the DAI value in

the PDCCH equal to '1', the UE shall use PUCCH format 1a/1b and PUCCH resource nl(,{}’é)cﬂ

with
nf,{}‘c’zl‘_'}") =(M-m-1)-N_+m-N_,, + ocE,m ‘*"nggcm for antenna port p = p,, where NIEBCCH is

configured by higher layers, ¢ is selected from {0,123} such that N, <ncep, <N

c+l’

32

Fa P i g I T R TS s v ol R A T = T T T T Y’ rYs’'s»,



Attorney Docket No. UT13-0884-US

Section 1

N, = max{o, L[N;%]g (NRB.c—4)]/36 J} cand Fgep o, 18 the number of the first CCE used for transmission of

the corresponding PDCCH in subframe n—£,, where %, € K. For two antenna port transmission the PUCCH

resource for p = py is given by nST = nien) +1

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

n—Fk,, where k,eK, the UE shall use PUCCH format 1a/1b and PUCCH resource n&fc’)cﬂ with the value of

nn(,l{J’&H 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 nl(,ll}ézﬁ") for
antenna port pg and the second PUCCH resource n&’,‘ééﬁ‘) for antenna port p1, otherwise, the PUCCH resource

value maps to a single PUCCH resource 7e5yaci?’ for antenna port pg.
!

- for M >1 anda PDSCH transmission only on the primary ceil where there is not a corresponding PDCCH
detected within subframe(s) n— %, , where k< 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 k,e K with the
DAI value in the PDCCH equal to ‘1’ (defined in Table 9) or a PDCCH indicating downlink SPS release within the
subframe(s) n_km, where k, € K with the DAl value in the PDCCH equal to ‘1’, the UE shall transmit

5(0),5(1) in subframe » using PUCCH format 1b on PUCCH resource nf,]I}CCH selected from A PUCCH

resources #ig)ocn,; Where 05 i< A—1, according to Table 15-1 and Table 15-2 for A=2 and A =3,
respectively. Fora UE configured with a transmission mode that supports up to two transport blocks on the
primary cell, 4 =3; otherwise, A=2.

The PUCCH resource nl(,lécm,o is determined according to higher layer configuration. The PUCCH

resource )y, is determined as nf)ccy, = (M —m—1)-N, +m- N,

(1)
e+t T Pecgm T Npyoen» Where

N%CCH is configured by higher layers, ¢ is selected from {0, 1, 2, 3} such that N_< Becem <N,

c+l’
N, = max{o, {_{NI%I; (VBB .c—a)1/36 J} »and 7gep , is the number of the first CCE used for

transmission of the corresponding PDCCH in subframe n—k, where k e X .Fora UE configured with
a transmission mode that supports up to two transport blocks on the primary cell, the PUCCH resource
”QI)JCCH,Z is determined as "f’%cm,z = nl(’lI}CCH,ﬂ +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 k, € 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) 5 ~k,, where ke K with the
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DAI value in the PDCCH greater than ‘1, the UE shall use PUCCH format 3 and PUCCH resource ”%%{):)CH
where the value of ”{’%‘g)CH 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 k,ekX.

- fora PDSCH transmission on the secondary cell indicated by the detection of a corresponding PDCCH within
subframe(s) n—k, where ke K, the UE shall use PUCCH format 3 and PUCCH resource ”g}%)cﬂ where
the value of nl(;’l’jg)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 ke K, ora PDCCH indicating downlink SPS release within subframe(s) n—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—£,,

where k,ek.

For PUCCH format 3 and PUCCH resource ng}@cﬂ and a UE configured for two antenna port transmission, a
PUCCH resource value maps to two PUCCH resources with the first PUCCH resource nﬁjga‘{’“) for antenna port

Po and the second PUCCH resource nf,%’g:}’;‘) for antenna port p;, otherwise, the PUCCH resource value maps

to a single PUCCH resource ngi;ggg°’ for antenna port py.

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 e[ Po>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
50)b(1) on PUCCH resource ng[)]CCH selected from A4 PUCCH resources, nl(,ll)JCCIL jWhere 0< j< 4-1 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.
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A UE configured with a transmission mode that supports up to two transport blocks on serving cell, ¢, shall use the
same HARQ-ACK response fqr 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 ¢.

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

selection

HARQ-ACKG) - ’

HARQ-ACK(D) | HARQ-ACK(1L) HARQ-ACK(2) HARQ-ACK(3)
TB1 Primary cell TB1 Secondary cell NA NA

TB1 Serving celll TB2 Serving celll TB1 Serving celi2 NA

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

The UE shall determine the 4 PUCCH resources, nl(’il)ICCH, j 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

n%cm j =Hccg + NI(,BCCH » and for transmission mode that supports up to two transport blocks, the PUCCH

resource nl(,%cm’ j+1 is given by n,(,%CCH, 11 =Hgep F1+ N oy where Mecg s the number of the first CCE
used for transmission of the corresponding PDCCH and NE‘,BCCH is configured by higher layers.

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

n—4, the value of ”él();ccﬂ, ;j s determined. For transmission mode that supports up to two transport blocks, the

. . 1
PUCCH resource nf,gcc& 1 Is given by ni(aécm, 1T ”g);cc&j +1

for a PDSCH transmission indicated by the detection of a corresponding PDCCH in subframe #—4 on the
secondary cell, the value of nf,gccﬂ’ ;+ and the value of n{,gcm j+1 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
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 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 (nf,%cc& jgnl(,ll),cm ; +1)+ otherwise, the PUCCH resource value maps to a single PUCCH resource

6))
Ppicen ;-

Table 19-2: PUCCH Resource Value for HARQ-ACK Resource for PUCCH
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' n . or
Value of ‘TPC command for PUCCH, j
PUCCH (ng.)jccna, Iz nlggccya, j+1)

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

“01° The 2™ PUCCH resource value
configured by the higher layers

“10° The 3™ PUCCH resource value
configured by the higher layers

‘11° The 4" PUCCH resource value
configured by the higher layers

Table 19-3: Transmission of Format 1b HARQ-ACK channel selection for 4=72

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

HARQ-ACK(0) | HARG-ACK(1) ST BO)B(1)
ACK ACK 10— 1,1
ACK ~ NACK/DTX et 1,1

NACK/DTX ACK ASeCH.1 0,0
NACK NACK/DTX n$¥ccro 0,0
DTX NACK/DTX No Transmission

HARQ-ACK(0) | HARQ-ACK(1) | HARG-ACK2) | n® B(O)(1)
ACK ACK ACK nSccHL 1,1
ACK NACK/DTX ACK - 1,0

NACK/DTX ACK ACK niccH1 0,1
NACK/DTX NACK/DTX ACK i — 1,1
ACK ACK NACK/DTX O 1,1
ACK NACK/DTX NACK/DTX nSccHo 1,0
NACK/DTX ACK NACK/DTX n$deco 0,1
NACK/DTX NACK/DTX NACK S T— 0,0
NACK NACK/DTX DTX n$dccio 0,0
NACK/DTX NACK DTX nSccHo 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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(1)

HARQ-ACK(0) | HARQ-ACK(1) | HARQ-ACK(2) | HARG-ACK(3) |  nl) ., BOYB(D)
ACK ACK ACK ACK e 1,1
ACK NACK/DTX ACK ACK n$Ycca 0,1

NACK/DTX ACK ACK ACK BOCCH. 1 0,1
NACK/DTX NACK/DTX ACK ACK n$0ccHs 1,1
ACK ACK ACK NACK/DTX O — 1,0
ACK NACK/DTX ACK NACKIDTX | a® e, 0,0
NACK/DTX ACK ACK NACKIDTX | #focy 0,0
NACK/DTX | NACK/DTX ACK NACKIDTX | #fccns 1,0
ACK ACK NACK/DTX ACK nccnz 1,1
ACK NACK/DTX | NACK/DTX ACK nSccH2 1,0
NACK/DTX ACK NACK/DTX ACK n$ccs 0,1
NACKIDTX | NACK/DTX | NACK/DTX ACK nSccms 0.0
ACK ACK NACKDTX | NACKDTX | afccmo 1,1
ACK NACKIDTX | NACKDTX | NACKDTX | nfecy, 1,0
NACK/DTX ACK NACK/IDTX | NACKDTX | »ccmo 0.1
NACK/DTX NACK NACK/DTX | NACKDTX | n8cem, 0,0
NACK NACK/DTX NACKIDTX | NACKDTX | n8ccuso 0,0
DTX DTX NACK/DTX | NACKIDTX No Transmission

PUCCH format 3 HARQ-ACK procedure

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

ACK in subframe » for 7 mapped to antenna port p where

3.7)
Ppucen OF 7

L7)

PUCCH

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 n;%’?cﬂ with

(1,50}

Fpiicen = Pocg + NI(,SCCH for antenna port pp where ncg s the number of the first CCE (i.e. lowest CCE

index used to construct the PDCCH) used for transmission of the corresponding PDCCH and NSDecr is
configured by higher layers. When two antenna port transmission is configured for PUCCH format 1a/1b, the

PUCCH resource for antenna port p; is given by N,(,ll;‘élgﬂ =nceg + 1+ NS

PUCCH"

- fora PDSCH transmission only on the primary cell where there is not a corresponding PDCCH detected in
subframe -4, the UE shall use PUCCH format 1a/1b and PUCCH resource N&P)
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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
first PUCCH resource N§y;2%, for antenna port g, and the second PUCCH resource NG for antenna port p;,
otherwise, the PUCCH resource value maps to a single PUCCH resource N%‘é‘gﬂ for antenna port pg

- fora PDSCH transmission on the secondary cell indicated by the detection of a corresponding PDCCH in
subframe 774, the UE shall use PUCCH format 3 and PUCCH resource NSk, where the value of N&PL i
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 NP2, for antenna port p, and the second PUCCH resource NGPD
for antenna port p; otherwise, the PUCCH resource value maps to a single PUCCH resource NP for
antenna port g, A UE shall assume that the same HARQ-ACK PUCCH resource value is transmitted in each DCI

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

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

Value of ‘TPC command for 3.9)
PUCCH' Meuccn

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

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

“10° The 3" PUCCH resource value
configured by the higher lavers

‘q1° 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

38

Coanyv nravidend i 1 TQDTE Ervamimm 0o TV Do oo FBowd oo ba o e oo o oe. 28 /8 2% (P27n 2 7



Attorney Docket No. UT13-0884-US

Section 1

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.

UE eNB
Random Access Preamble——3> UE eNB
<+——Random Access Response———— @ <&——RA Preamble assignment

i
—————Scheduled Transmission———3>) Random Access Preamble———a3>| @

<t——Random Access Response———

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

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

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

‘quasi co-located (QQ)" (F2 "quasi co-location (QQ))0|2H= 00|l st} THEt 20| Ho|st0] ALESHCL:
“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

22 9 Mol SARBIA CH2T 20| channelofl Cft B3O R HHE0] AFRE +5 9irk

T 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

Doppler shift

Average gain

Average delay

= H0ME 9 QCEY FoAEs FEIA L 5, QUiES 9 FolE =0 siutE mE 2 ot =5
2 FAR G2 EER, QCIFY0| H&SHs antenna portsZtoli= DIX| co-locationO M Fadte X 74N
2 = Aths BEY (e.g, SY MSpointOlM F&3LE antenna portsO|Cheta UEZ} 7}8E & Qirte S)o=
QUNE o7t HYE £k lon, 2 LHO| AL 0[9} 22 QA MY 0SS ZTHICl 2 LA

289 Holy 9 QCRY HolE2 =830 AlgBIC)

1 Eelofl 2i3t0f, UEE= “non-quasi-co-located (NQQ) antenna ports"0l CHs{A{ &= SiE antenna ports (APs)ZHo|
EYT &7| large-scale channel propertiesZ 7} %t %= 8iCE &, 0] ZR EAEQ! UE receivers, timing
acquisition and tracking, frequency offset estimation and compensation, delay estimation, and Doppler estimation
S0f tiste] 2tzto] MAE| non-quasi-co-located(NQC) APl 2 = g|X o] processing® ¥5}0{0F SIC}

QCE 7PFdE =+ Ui APZIO| THolME, UEE CHSTH 22 SXt2 3t & Uk AFE0| 9ok

o3 -

rr
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Delgy spread & Doppler spread 0| T}, UEE= O 3HLto| portof Cist poWer-delay~pmﬁle, delay spread 5S¢
Doppler spectrum, Doppler spread 78 Z1H&, CH2 portdl] Tt A 27 A| ALBElE Wiener filter Sof
SYSHH HEaF = Uk
Frequency shift & Received Timing Off T80, UES O]F &9 portof] CHet time and frequency synchronization
Wt =, SYTE synchronizationg CHE porte| demodulationo]] &8t 2 9QIC},
Average received power 0f Li35}0{, UEE over two or more antenna portsOfj CH3F0] RSRP measurementsZ
averaging® 5= UCL , ' i

:
UEZ} PDCCH (B2 ePDCCH)E B9l 5% DMRS-based Dl-related DO format (e.g, DCI 2008 £=AIS1H, UE=
configured DMRS sequence® Edl silE scheduled PDSCHO)| Ci$H Ay =HMe £t & data demodulationS
517 ECL ofE S0, B UEZL 0|2]3t DL scheduling grant2 £ E{ 22 DMRS ports configuration0] &7
RS(eg, &% CSI-RS or § CRS or X}418} DL serving-cell CRS, etc) ports@} QCIIEHE & £ QICHH, UE= &fjgt
DMRS ports& &%t Ad FEA] £ RS(eg, EF CSI-RS or EF CRS or XFAlQ] DL serving-cell CRS, etc)
ports2 R E| F=HAME delay spread F2| 47| large-scale channel properties =R A2 I0j2 X238l DMRS-
based receiver processing 48 THAFA|Z %7} QICH

ePDCCH

LTE-A A|2BlOj M 7|ES] PDCCHO|| Ti3l0] Z7150l Xt&Io = DL control signale 4 8he enhanced

PDCCH(E-PDCCH)E T QI6}7|2 8Lt {74 E-PDCCHE 12I0jASt 20| 7|Z=0| PDSCH Yoo, = Alz
F0A 2% [ PDCCHZI F&E 0|20 FSEl= HoE JPESICL 20| E-PDCCH7 Y&dt= =T
AEg AN F& R AE LIEIGSLL 0|42 Yoo 21180 a4 CIO|HA|E|Z siA 2AHaE o0l

L N B
ZOfs XY 0|8310] Ml HE THsBICh

PDCCH muitiplexed

/1 with PHICH, PCFICH

< Subfram
/

/

Frequency l
OFDM symbol

CSS (Cell-specific search space) and USS (UE-specific search space)

——t—> E-PDCCH

The set of PDCCH candidates to monitor are defined in terms of search spaces, where a search space S{2 at
aggregation level L e {152,4,8} 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,(CL) are given by

&3
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L {(Yk + m”)mod l_NCCE,k /LJ }-!-i

where ¥; is defined below, i=0,---,L—1. For the common search space m'=m . For the PDCCH 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 (5 -ngy where ngy is the carrier indicator field value, else if the monitoring UE is
not configured with carrier indicator field then m'=m, where m=0,--,MP —1. M is the number of PDCCH
candidates to monitor in the given search space.

For the common search spaces, ¥, is set to O for the two aggregation levels L =4 and L =38.
For the UE-specific search space S,(CL) at aggregation level L, the variable ) is defined by
Y, =(4-%)mod D

where Y, =ngyry #0, 4=39827, D=65537 and k= |_ns / 2_], n, is the slot number within a radio frame.

The aggregation levels defining the search spaces are listed in Table 9.1.1-1. The number of PDCCH candidates to
monitor in the given search space (i.e. M (L)) is also shown in Table 9.1.1-1.

Table 8.1.1-1: PDCCH candidates monitored by a UE.

Search space S Number of chf'%
Type Aggregation level L Size [in CCEs] candidates M
UE- 2 12 6
specific 4 8 >
8 16 2
4 16 4
Comrfson 3 6 %
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3. Invention Summary

LTE-AQ] X7| AlA®IE AHZY| HY, $A5T, Al Ft0jetel 28, AHEle] Yuxa So| Hlojs SHE
AUFZ Bt MIY/FAYS| SRS PHSE AS T2IGHL ULk 03t SIS HO|4 MTC (Machine Type
/S

= =
Communication) THEO|2t SAISICE MTC CHZo| Ze M4 GjO|EZF0| M1 Al/sIE 213 Hjo[E &4=410]
7taY Ldst7] M2 ofsh K2 HIojH MSE0 WM CHET|el Ci7hE WaD HiE 2| ARE o=

20| ZEHO|CL o|2{sh MTC THE 0|540| X2 Z2 EZo= s, watA xj'd &40| 79| vtk Y=
Sd€ AL UCE TR LTE-AOA &= O|Z{3t MTC CHHO| 7|E0 B HE coverageE XY £ =2 &
2ot Yo, O|F s MTC oHete Ik CH¥st coverage enhancement 7|HE0] =0|5|311 Q\C}

S|
to o
oo

eNodeB7} PDCCH, PDSCHE MTC UEE0||H| T &8l Z R, legacy UEOAH| ®&d
H&SHAH =W coverage issue?t EXYSH= MTC UES l% 2 MEH= 0-]E1 22
eNodeB= coverage issue?} EMS}= MTC UE PDCCH = PDSCHE F&8l=
subframe bundling 52} Z2 coverage enhancementE 9|3t 7|HES =

St Zdub SYUsH Walo2
Z{7| Eck 0|2 shZsE7] ol
AR, subframe repetition,
w8 + 9t

&0

2t coverage issueZt EXSHE MTC UEO|AH &= PDCCHRQ} PDSCH7F 2F 1007} MEZo| e subframes E6|
TS E == QUL 0] E2, 7|0 5YSIH PDCCHY| M&E|S subframe® &38| PDSCH7F M& 5|, UES
PDCCHE M3a=oz ¢¢_|=g 7HX], PDCCHIt &8 2E subframed) CHEl PDSCHE buffering 3 £0{0F

SHCH= A7) gdsict =3 PDCCHZF o] subframes &3 F& 5|1, UEs o8 7)2] subframes 0| 83t9
PDCCHE 4BEo=E 448 22, UE PDCCHO| F40| AlStEl: subflameS & 4 SiCHs 2X|7} wAysich

2 YHOJME= O|HEt coverage issue?t EXYSt= MTC UEE 2|3t PDCCH, PDSCHS| Fss 2R|= siZAsH7| st
H

TS

LM BO| o ¢Hel W8S PDCCH TH&o i & ESLX| 2 PDCCH L& ePDCCHE At8SHe
RO LS 2 LHOIN FMotsh= 7|BIE0| MBE %= ULt

A. PDCCH over multinle subframes

- PDCCHe] Fis&

MTC UEE {8t PDCCHE coverage enhancementE 98l B2 £=9| subframe2 E3| HtEXoR MAE £ QiCh
UE= O subframeQ| bundle2HE| PDCCHE 4=A15l1 0i2| subframeQ.® R £ PDCCHE| AMBE 3

083l0] PDCCHE HIXO=2 4AE & QUCh O|E £0| <& 1>0] EA|E Z3} 20| PDCCHE NIJQ]
subframe bundle® E8| F&E °|E% UEE= O|& & n7f(1<n=sN)Q] subframeS O|838}0] PDCCHE
YEFMoR 4T 4 rt

PDCCHZt T &&= subframe bundleQ| 7401 N2 &4t cell-specificst 2t 2= QUC} MEIA SIB £9| cell-
specificet data M& S 93t PDCCHO| T4 EE&= UE-specificdt data M&S 98t PDCCHO| ®ag 213t subframe
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bundle®] 7i4== B25 cell-specificgt 4= QUCt O] I, PDCCHZ} F& &= subframe bundleg| 71401 N2 AFFE 0
go| ® 17 gtY 5= QUCh Ei= MIB (master information block) SE4& SIB (system information block)S E3j
UEO|IA| configurekl= g &= QUCE O[2{$t PDCCH T subframe bundle® Y& X QI subframeER JAHE 45
UXEE, HAEH Ol subframeER TEE == UCH

PDCCHZ} &l subframe bundle] 7is=Ql N2 SIB £9| cell-specificst data M&2 93t PDCCHO| Fag
sl M = cell-specific $t g2 X|L|L}, UE-specificst data FL2 93t PDCCHe| H oA = UE-specificst
#E X £ ok 0] i, UE-specificgt PDCCHI} & &= subframe bundleQ] 7jj== RRC signal & higher-
layer signal2 B3l UEO|A configure® #= Ut Z2 pre-fixed®l ZECR NRE 45 9t

o
o

re
=z
rlo

UEZ} multiple subframe bundleg £3] F< &= PDCCHE Z=A1817| QslA=, PDCCHIF M2 &l subframe
bundle@| A|Z} Q{X[& LOLOF TILL O[F fIof PDCCHL| FE0| AR EE subframe QIX|&= 7|ZE3} 2H0| XAIQEX|
3, PDCCHE AMEO)| oF E subframe IX|E EIAMTH 40| AIZHE 4= QICt 0|248F PDCCH bundleQ] F
Al subframe /Xl 0 E 2R FHOE 4= QICh 0] AME ZH2 MBE B MaE £z ok o2 5
SFN 9% N = 00fl 4Bt AIZBICLD 7Y H2 (eg. N = 20) N g2 MIBE S3f Ha% 4 UCk GlEO] offset
(SFN % N = offset OfjA|RF AZISICID 713 Z2)E MBE 2 & QUL & 50 coverage issueZ} EXYsl=
MTC UEE |8F PDCCH &2 1002| Hi4= (0%, 100%H, 200, 3008, ..)0f s EsH= subframe or SFN %] 2
SoMT AEHE o= QUCE O] M, UEE 1002 Bi<=0fl si&SH= subframe or SN 2| X|0flA{ £2E{ N7HQ| subframeS
S8l PDCCHO| =412 AlEE 4= 9ot EX=Oo 2, PDCCH bundle@] F£0| A|ZHE 2= Q= subframe i*|=
UE-specificgt 4= QUCL O] R, PDCCH bundleQ] F1&0| A|ZHE = Q= subframe 9X|0f| CiSt MK = RRC 9
higher-layer signalg £3] configure® 4= IC}

Subframe with PDCCH for UE1

N subframes

2000, ¢

: n subframes

i

:;\\\A

Y,

.

L
¥

UE starte PDCCH reception. UE receives PDCCH successfully.

<E 1>

PDCCH T duration

4

v

PDCCH
PDCCH
»:PDCCH =
PDCCH
PDCCH

PDCCH ©& PDCCH ®&
AlE} subframe E & subframe

<k 11>
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PDCCHZ} multiple subframe bundleS £ MaEEs AL, <& 11>0) LIEfH 243} 2+0] PDCCHL PDCCH F%
duration 2 FA| L= 2§ subframe 58 &4l T&0| 0|20 XA EC} O] I, & LHOjME= PDCCH T
AZE subframeOff A 25| PDCCH & F=& subframe?tA] PDCCH F& duration £9 M&E]= PDCCHO| UE-
specific search space Q& = PDCCH T4 Xt HThe & 2 M QrstCt "

The set of PDCCH candidates to monitor are defined in terms of search spaces, where a search space S,ﬁL) 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,(f) are given by

L {(¥ +m"ymod | Noep /L] }+i

where ¥, is defined below, i=0,---,L—1. For the common search space m’=m . For the PDCCH UE specific
search space, for the serving cell on which PDCCH is monitored, if the monitoring UE is configured with carrier
indicator field then 7’ =m + D) -ney where ngy is the carrier indicator field value, else if the monitoring UE is
not configured with carrier indicator field then m’=m , where m = 0,-, D —1, M® is the number of PDCCH
candidates to monitor in the given search space.
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 SéL) at aggregation level L, the variable ¥}, is defined by

Y, =(4-%_;)mod D

where Y ; =npyp #0, 4=39827, D=65537 and £ = Lns /2_] 7, is the slot number within a radio frame.

0| Iff, PDCCHZ} multiple subframe bundleg E3l T4 %= AL, subframe OFC} CH2 PDCCH Aelg Bd)
PDCCHZ} HM&E == QICHH PDCCHE $=41817] ot UEQ| complexityt= PDCCH &4 subframeg| JH5=7}
EO0EHE J|SigEoR HX|E= 2H7F WMslA =ICt mefs 2 2= PDCCHY} multiple subframe
bundleg &3l TS5 22 CIST 22 SHE AT Ag Noreict

eNodeB+= UEO|#| PDCCH & duration EQF E4:7|19| subframeS Sl PDCCHE A= HL,
Bl duration &9t sjE PDCCHE= CSS sk m 4k

% i USS 99 B siLiel 32 SN S
S8 5o PDCCHE R&¥ + ULk 5, UEE S8
P

DCCHZE &gt mgto] siEs= USS AHY == CS

&
(m=0,-,MP -1)g Al8SH= CCE At
PDCCH7} M& 5= subframe Q9 S9H0j=

ArEE S HEECD 7PEE 4 Uk

wn

eNodeB= UEO|[#| PDCCH T& duration ¢t 85719 subframeg £3l| PDCCHE F&dls AL,

8| duration S9F 8& PDCCHE €SS @9 i USS 99 5 diLtel Fojg SolM m=0g ALgsiof
PDCCHE &€ = UCL F, UEE S YT PDCCHY} FAEl= subframe €9 E0t0ll= PDCCHZ}
m=0g A0 siEEl= USS Atgl SE= CSS AMHe ol FaEICtn 7H-E 4= Qo)

eNodeB= UEO|#H PDCCH F<& duration 59 B4719] subframe® S8} UE-specific PDCCHE
&5t 4R, SilE duration 9t &ljet PDCCHE SYUSH CCE (tE= FREG = RE) g E9) UE-
specific PDCCHIt F&E 4= QUCL EXE o2 PDCCH T4 duration E9QF £ CCE (FE= EREG Ei=
RE) Xt A& Bl UE-specific PDCCHE F&8l= A2, UES UE-specific PDCCHZ} M&E|l= CCE (2=
EREG E& RE) A2 PDCCH T & A|Z} subframeOflA F&El= CCE (%= EREG & RE) AtInb
#Cin Jpge 5= QUL
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- 0 tf, PDCCH F& duration &9t UE-specific PDCCHZ} M&E 4= QL= UE-specific search spaceS
T4 CCE (£ EREG = RE) A2 PDCCH F& AlZF subframeOl A H8E|= CCE (=
EREG S RE) AMRIat SYSPH TAE 2 QUCk PDCCH R AJAH subframeOf A MEE|= CCE
(£ EREG = RE) XIS J|EDF SYsHH L {(%; +m)mod | Necp, /L Jri 0l Alofl /sy
20T % Utk

- EE= Of Ojf, PDCCH & duration &2 UE-specific PDCCHZ} F&E %= Ql& UE-specific search
space® F4JoHs CCE (& EREG S RE) AHAS L {(F +m")mod | Necpy /L] J+i 2l 4ol

ofst YOjX|4, ¥, 9] gt2 00] ofd £ ez nFEO A8 & £ AUrt
- PDSCH/PUSCHO| T%

Coverage issue?} EX|SH= MTC UEE J8l| PDSCH/PUSCH A| multiple subframe bundleg E3f M&E 4 QIck
0|2 £0| PDSCHE D79 subframeg E8l T4 &1, UE= DI PDSCH subframe & n7jj(1<d<D)2|
subframe& O|&3}0] PDSCHE HZEO R 4418 £ QICL = 0|2 S0 UE: PUSCHE D7Jo| subframeS
S8l T&Y 4= UL 0|2 PDSCH/PUSCH F2 subframe bundle 14X Q) subframeEE A &5 QIX|DH
HIHHHO! subframeE 2 7&E & RUCH

Sl LTE specification® 2, UEE= PDCCHE decoding®t & ZH2 subframed]] A& &[S PDSCHE decoding &
%= ULt (SPS PDSCHZL Ot H). Coverage issueE ZD QU= MTC UES] e, PDCCHR} PDSCHE S 03
subframel] ZX F&E £ Y22, PDCCHE A& Hhe = QN PDSCHE M4 UHA Sfj=X| timing0j| C{sk
MZ22 897} He¥ == QUCL 7|E0| PDCCHR} PDSCHY} H&ElE 24t A, UEO)A Z&El& PDSCHS}
sk PDSCHO| CHSH DL grant HEE B2 PDCCHY Y subframe 2 £ ME S 4 QICL 0] 4L UE=
PDCCHE d3EH2Z 4lg I 7Kz PDSCHE =418 5= Q7] IR0, PDCCHE HEXoE AT Oj7HK|
TS Hh= PDSCHE 25 XZES| F0{0F il 2|7} Ealstet

etk data F&2| delay= B7tsls HMEXTE cost saving0| ER3H MTC UEE {3), & LHME <E 2500
EAIE Zit 22 FS7|8e H|oksiCt eNodeB= UEOZ| & N7JQ] subframe bundle2 At SH PDCCHE
T&E 4= QUCk o] mj, si& PDCCHE} @R I PDSCH/PUSCHE PDCCH bundleO] S5 MAE = Grjo|
subframe CHE subframeOf MR E F&E %= QL F, 0fE £0{ N-1¥ subframe® E3| OHX|2t PDCCH7}
TEE B2 N+GHl subframesE] DI|2| subframe bundieg E3|f PDSCH/PUSCH 7} MAS 24 QICk o] mj
SZHo= Ne| i3 DO g2 e SYUSHH HdHE o Uk = EXFHoZ DO 7hol thiE B PDCCHO
=ZohEl| MEE 4 QCh

0| A<, PDCCH subframe bundlent PDSCH/PUSCH subframe bundle®] F& AL0|2} subframe ZH240) 8| &tél=
Ge| 2t2 AHE|0] QUALE, MID, SIB, EE+= RRC signal 5 higher-layer signalg £33l UEO|H configure®! 4= QIC}
o| If, EZ&A2 = PDCCH subframe bundled} PDSCH subframe bundie®| &z A}0|Q] subframe o] sliEtst=
Ge| Zt2 022 JIFEY UE + ULCH F, PDCCH subframe bundleQ| F& 0] BH &, LIS subframesiE|
0]0jA] PDSCH/PUSCH subframe bundleO| F&E %= QICh &3t EFF o2 PDCCH subframe bundlen} PUSCH
subframe bundle@| F& AfO[2] subframe ZHZ0) S Edt= GO| Z+e 4 = PDCCHO| L3t subframe bundlingo|

2EEO AR B2 Zeo 5T 2o nFEO U 5 Uk
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EXXoZ, PDCCH subframg bundle®} F£0| Lt &, PDSCH/PUSCH Subfréme bundle0| F#0| A|Zfgjojor Bt
subframe®] | X|7} PDSCH/P;USCH?} TEE == Qe subframe AL, 3= subframe 0|% 2| subframe & 7}&
7} PDSCH/PUSCHZ} 751-;;-5&' =+ RA£ subframeOijA] PDSCH/PUSCH bundle®] ®40] AIZHE! £ QILC}

|
m Subframe with PDCCH for UE1

N subframes

24770 P

<5 2>

PDCCHE ==4lgt Fl, slif'd PDCCHY} 7t2[7|&= PDSCH/PUSCH 7} Ma& gl QK& ¢ 24 Q& = [}2 wom,
PDCCHE bundledz T&3TH &, 2HeH AZE =0 PDSCH/PUSCH 2| bundling O] AJ&tSICt 718 C|
PDCCH bundle?] Z1&0| A%l subframe 9| X]2F PDSCH/PUSCH bundle®| F&0| A|ZEtE|E subframe 9|9
XHE KsubframeO|2til & Z2 (eg. K = 100, 200), UE= PDCCHY} O subframeOijA] A|ZHSI=X|2 2 ZQ 7}t
AL} OlE £0] K = PDSCH/PUSCH starting subframe index — PDCCH starting subframe index2}al Ho|gt <,
UEE PDCCHI} A|ZSH= AIZE 20j0F PDSCH/PUSCH 74 AjRlSH= A|ES Mazioz o = o}

O] 2% K 22 1EE0] UAHLE MID, SIG, E&= RRC signal £ higher-layer signal2 &3} UEO|A| configureE!
= At o I, EFFo = Ko| g2 g4t PDCCH subframe bundleQ] 7i49t SUSIE2 MHE £ UL} =,
PDCCH subframe bundle®] F&0| BLt 35, OIS subframeflE 0]0]A PDSCH/PUSCH subframe bundle0| H&E!
4 ALt = §YX2E PDCCH bundleO] N7i2| subframeo® A= Iff, PDCCH bundleQ] R0 AEg=
subframe ¢|X|Q} PDSCH/PUSCH bundle®] F&0| A|ZtE|E subframe 9|X|2] X191 K= N-12 THE|Y S £
RUACH =, PDCCH subframe bundle| F 40| BLb:= subframeO|A] PDSCH/PUSCH subframe bundle®] F£0|

Azt % 9l

ok
>
0
o

EZE2R Uk UE-specific $F PDCCH bundle® £AI8181S Z#L, 2= USS (UE-specific search space)& &5}
PDCCH bundleE {83 FS, UEE <& 3>0 TA|S 23} 20| G1 79| subframe F0f} PDCCH ==4Al0j
Cigk AN HEE eNodeBO|H| uplink X128 0|83}0] FaE 2 QIrf EXXOR UFs UE-specific 3t PDCCH
bundleg =I5t E AL, E& USS (UE-specific search space)& E&f PDCCH bundleE 2A351912 42, UE=
<& 3>0ff T A&l Z3} 20} G1 742| subframe Z0f PDCCH =20f Cligt A/N HEE eNodeBOj|A| uplink Xtgls
O 83t T&eg == ATt O] If EFFHo = G1 2 4Y 5= QY2 A/N HE= AZ19| uplink subframe bundleg
S M&E = UL
<k 3>0f =AIE 243} 20} UEERE PDCCHO| thsh A/N HEE =48l eNodeB= 3fjE A/N EE I} ACKO!
% A/N subframe bundleg =418t §| G2 subframe =0 D7i2| subframe bundleg 3| PDSCHE &S 4
AL} PDSCH bundleS =415t UE= PDSCHE 25 £Al3t 5 G3 subframe Z0f PDSCHO|| Cj3t A/N ME=
A2719} uplink subframe bundle2 Sd M&E 4= ULk 0] W, G1, G2, G3, A, 118|2 Ale| ke 2t2t 1™ 5|0
QALY MID, SIG, EE& RRC signal & higher-layer signal £3|| UEO|| configure® 4= QIC} EL EXFoz
UEE eNodeBOJ|A| PUSCH bundieg 2% F&$+ 25, G3 subframe Z9| subframeOfjA{ELE| A27}2) uplink
subframe bundleg &3l PUSCHO|| CH$H AN HEE SAIE 2 QIC}
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of I, G1, G2, G3, A, 2|1 Al9] ZtS Zk2t TEE0] QILE MID, SIG, fEi RRC signal & higher-layer signalg

Soll UEOJA| configureE == QUCh O If EFX22 N, D, Aand A22| gt2 B4t SU3IA 4 E 4 ck o]

SYFHeR G2 g2 4Y £ UM, G3 g2 4 =& PDSCH/PUSCHO]| CHE}H subframe bundling0d] A& 50| UX|

2 Z99 sYs UY 4 Uk

52 J

[F=]  subframewith PDCCH for UE1

Subframe with PDCCH AN Subframe with PDSCH for UE1 fy  Subframs with PDSCH AN

w7z 77/

<L 3>
Coverage issue?} ZX|St= MTC UED} PDSCHE [&SHs £ CHE &Y e Cr21F 248 £ UL} Coverage issueZ}
EMSt= MTC UEE |8l multiple subframe bundle€ £3)| F&&l= PDCCHE AFRO| 2F2 El subframe AXE

SoHMT WE0| AIRE 2= QICh O] M, 3@ PDCCHE B3|l grant”?t F& &= PDSCH bundle?] M&2 <&

[ R O
7>0 =AIE 23 20 sie PDCCHE| 40| AlFElE subframeEf SA|0] AIRHE %= QICh
O] I, PDCCH, PDSCHZ} & E|0{OF & subframe duration S, TDD &1 0|A] PDSCHI} FH4E £ Q= special

subframe (e.g. special subframe configuration 0, 5)T} Z+0] PDSCHZ} M&E 4= ¢l& subframed) ZEHE £ oLt

O Z$ PDCCHEl PDSCHO| &S sl CHemt Z+e whHo] AFZE 2= Q/Ck WA PDCCHZ} N7JO] subframe
bundleg &3} H&E|0{0} 311, PDSCHZ} D7le| subframe bundle® E3|| F&Eiojof & O, <& 8>0j EAlE
Z41t 20| PDCCHE PDCCHI FSE 4= 9= N7WQ| subframeS £3] M4E £ QL) 0| M, PDSCHE

PDSCH7t &8 5= 8l subframe (eg. special subframe)2 H| 2|3}, PDSCHF F&E 2= 9= D)9
subframeg E3{ M&E 4 QCL

Subframe with PDCCH for UE1

Subframe with PDSCH for UE1

L D subframes
N . T

777] subframe with PDCCH for UE1

< N PDCCH subframes ]

£
o

Subframe with PDSCH for UE1

& < 3 £ = i
< D PDSCH subframes

Special subframe wio PDSCH

<L 8>
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B. No PDCCH transmission

Coverage issue7} ZERSt= MTC UEOJH| PDCCHE F4&3817] 98 BHER QI PDCCHO| Mae sds #e, o
F4517| 2Tt TS delay@t O X] 220t 42 HTICH= BH7} EXSICL 0|8 SZS7] s 2 LHolA
[o]

coverage issue7} EXSH= MTC UEZ} PDCCHE $AIBIA| 21 HLE PDSCHE $AIE HE F|OHSICH Ei=
coverage issue7} EXoH= MTC UEE PDCCHE £ AISIA| 0 HEE PUSCHE M&E #E X oksto}

O|& 9?3l coverage issue?t EMSH= MTC UEE FHolZl 52 A998 ol ArrojA FaE= PDSCHE

2 MELAHLE PUSCHE 4 & <= QUCE 0] [, coverage issueZ} £2xSl= MTC UEE {5t PDSCH7} MA &=
subframe Y2 <& 4>0 ZA|El Z{} 20| PDSCH bundle transmission period, PDSCH bundle transmission
offset, PDSCH bundle size 'D'0f} 28} o] & 4= QUL UEL Z=J1EO = subframe L PDSCH7} M& &l RB
gd9g & "oyt Ach

0| mf, issueZt EXfSH= MTC UEE 2|3t PDSCH/PUSCHE HO3t= Zt elementE 28 cell-specific & 45 91
UE-specific & =& RIC}. Cell-specific $+ PDSCH/PUSCH 2| F& goo| AL, AMFo| ®o| & 18 =l gyo=m
el & == UL} EE MIB (master information block), SIB (system information block), 5= RRC signal 52|
higher-layer signalg &3}l UEOA| configurekl= 24 2= QUCL UE-specific 3t PDSCH/PUSCH o] M @aio] AL,
RRC signal & higher-layer signalg Eol| UEOH configure® <= QICt O [, EXMOZ UE-specific Tt
PDSCH/PUSCH H9E AM83IEELE, 27 OfAQ] UEZF S8t PDSCH/PUSCH SIS AISSIEE X|& e 2=
Lt OfE 50| EFEO R coverage issue?t EX|SH= MTC UEE 9|3t PDSCH gde AMHS7| 8l PDSCH
bundle transmission period2| {2 cell-specifics}H| 47 %3, MIB (master information block), SIB (system
information block), &&= RRC signal 52| higher-layer signalg E3} UEO|| configure® == QIC} J2|1 PDSCH
bundle transmission offset, PDSCH bundle size ‘D', subframe L} PDSCH7} M4 = RB Y2 UE-specificd} A
A7 E|0] RRC signal & higher-layer signal2 S8l UEO|H| configure® % ¢!Ck 0] [, bundle transmission offset
Z+2 UEQ| ID (eg. C-RNTDS} QITHE|O] X|HE %= QUCH OIS =0] UBz AH4le| UEID (eg. C-RNTHE YH 0|F
A 8L0] bundle transmission offset g2 =&% 4= QICh

PDSCH bundle
}—transmission offsef

PDSCH bundle
issian offsef

<

<k 4>

SIB §9f cell-specificet data LS et PDSCH FHE cell-specific 314 X|HE %= QICh SA UEO C$t data

TS50t 22 UE-specificet data &2 9|3t PDSCH @9 cell-specificst?] A|HE =& 91, UE-specific 5}4]
X388 == ULt EFFCZ UEY} cell-specificst PDSCH @2 E3) cell-specific ¢t dataZ £AlSH= AL,

1]

0|8 $=4I517| 8l UEE coverage issue?[ EXsH= MTC UE

| m =S
T

2 93} SI-RNTI (ie. MTC-SI-RNTDE 0% £ QIC}
FH2= UET} cell-specific or UE-specificst PDSCH ¥ 92 8| UE-specific 3t data® 48k AL,

=
Ol $41817| 98} UEE CRNTIE 0|8% 2 QUCh 02 SO 3T} Z& 30| MTC-SHRNT & C-RNTIE
= G

SliE PDSCHE| transport block S code block Lf bit£2| scrambling0f] AR
i

& PDSCHE] transport block B code block LY bitS0] CRC attachment 2}H0| A2
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siiet PDSCHO| RBE S S B¢l T& k= DM-RSE 4517 It pseudo-random sequence— MTC-SI-
RNTIZ 0[|88}0] scrambling &

EAROZ UEE UE-specific $F PDSCH bundleg $M3SIE AL, G3 79| subframe 0] PDSCH =210 Cist
A/N EEE2 eNodeBO|A uplink A} O]8810] T4 &= QUCL O] I EXFHOE G3 UL 4 E=
PDSCH/PUSCHO|} CiSt subframe bundlingd] AEE0] QYA %2 HRol SUvH 1Y 4= QoM A/N HE =

Al72] uplink subframe bundleg &3l T&SE 3 QUL = EXEHOZ UEE eNodeBOjAH| PUSCH bundle2

e FM&5h &, G3 subframe 32| subframell| A R2E] A27)2| uplink subframe bundleg S8 PUSCHO|| CHSE A/N
HRE ME == Q0L G3 2|4l Ale] 22 22 AFL0] AUALE MID, SIG, =& RRC signal S higher-layer

signalg Eolf UECA| configure® =+ QUL

. Shortened PDCCH

Ml

Coverage issue7} EX|SH= MTC UEO]|AH PDCCHE F43H7] @8 BHEE QI PDCCHO Hae s ZL, 0]
M| e S delayQt OjHX] 2270 {8 AHTCHs 22X 7 EAstCE

0|2 sl 2 YRHO|A = coverage issue?} ZAdH= MTC UEO]|H PDSCHZ} # xle| ojHe| HE ftg He
L= PDSCHZF A& E|=X|0 (8o FEE et 5t shortened PDCCHE F& X ottt UEE= shortened
PDCCHE &3l Xr&l0fjA| PDSCHYt V& E|=AIC] O E HEish= F=o| H2 FEEE MIRI, KtilofA
PDSCH7} M&|H Helixl PDSCH YYHE &) datal 4=4E 4= QLC} OJ& £0] shortened PDCCHE= PDCCHE
=4I8H= UES| ID (eg. C-RNTDOY| Ciet FEDME B JUES == UL UEE X419 UEID (eg. C-RNTDO] CHsk
HEE 2 PDCCHE FAI5HH, XpAIOIA| PDSCHZF & EICED 7P <= QUL

Coverage issue?} EXjsH= MTC UEO|H| dataE F &SI 2HE shortened PDCCHE A28 = AL, <& 5>0]
EAE A0 2ol EF UEO| CH$t shortened PDCCHI EH subframe2 3] M0, PDCCHE A&3l
subframe5 E| D7||©] subframe bundle® S| PDSCHIZ} F&E 4= QICE Uplink?] 242, EX UEY| st
shortened PDCCHZ} £ subframe2 E¢|| FTAE|H PDCCHE Z=Al$t UEL 4749| subframe $|0f D27jj2]
subframe bundle® E3lf PUSCHE F & & £ QICL EAFLZE shortened PDCCHO = PDSCHIF & E|=
bundle?| £=¢1 Do} Ziof Chst M=7t ZotEo] F&E = Uk

&1 L_.
Sk |_"
=13 2
= E

uo

U724 Subirame with PDCCH for UE1 Subframe with PDSCH for UE1

= D subframes

S0 RO HEEL data® $4T 4 Lk PDSCH
®&5817] 18l 'B. No PDCCH transmission'O|A] Q1= %!

2 cell-specific & =% U1 UE-specific & $& QICt £33t SIB 59 cell-
A2 cell-specific 3t X|'g8 = Ut £ UEO| ciist data H&at 2

0]

Shortened PDCCHE =213 UEE E8|X PDSCH &
SAS X|FstL ofe POSCH FAZS B8 dataZ T
ZIHES ¥8F 4 ULCL PDSCH FAL ce

specificgt data M& 8 st PDSCH &

moi 01.).

flo

50

o Y Pl Pans PICRFRTAR B nom BB om DEUAT B orom om o s TR oo o s o v o o FAED [ 6D 1653 Al



Artorney Docket No. UT13-0884-US

Section 1

UE-specificst data &2 9Tt PDSCH HYL cell-specificdt A X|™E 45 Q11, UE-specific 1A X|&E &5
ALk

L= coverage issueZ} EX|stE MTC UEE 2{et PDSCH YL shortened PDCCHZ} M4 &= PDCCH Y90
mtat GiE 5= Atk 0l E0l <= 6>0 ZA|E! 21t ZHo] PDCCH Yool e} Azl PDSCH gelo] =xjg
4 AL}k O] I UEE= PDCCH 1 FHg Bdll AHlojjH F&ElE= shortened PDCCHE $=A18F 4L, PDCCH 1
Gt et & PDSCH FAg Sl datag 4T 5= OO, PDCCH 2 Y92 S8 XHAlojA ML=
shortened PDCCHE $=Al3t A, PDCCH 2 AYaf Gt & PDSCH Y9g £ datas A1 2 L0}

PDSCH for PDCCH 1

'
!

PDCCH2 <« > PDSCH for PDCCH 2

PDCCH1 <«

E3EOR UEE UE-specific 3t PDSCH bundleg =481 AL, G3 7§2| subframe 20| PDSCH 2=Al0f| Cljst
A/N HEE eNodeBOl|7| uplink X}2l8 08310 F&E 4= ULt O I 53
PDSCH/PUSCHO| CH3t subframe bundling0] A E[0] QX e AR EUsE 2 == QoM A/N el
Al7§e] uplink subframe bundie® S8l HM&E %= QIO FE= EXFo=z UE:= eNodeBoOlj# PUSCH bundles

ot =, G3 subframe F2| subframeO| A2 E| A27J2| uplink subframe bundleE £3) PUSCHOﬂ L3k A/N
HEE $AE 4 QICL G3 13|10 A1Q| Zhe 2H2F nEE|0] QAL MID, SIG, &= RRC signal & higher-layer

signalg& B3l UEG|H configureE! 2= QI

BE MSE

H

). Conflict issue between PDCCH and PDSCH

HollA oigsh A3t 20| MTC UEE 28} PDCCHE S X0l = HIQIA ROl B479| subframeS £3)
PDCCH bundle®| HEjZ M&E %= om, 0|33t PDCCH bundle®] H&S AFHO| ARl subframe $|X|0fA

Az 4 it

O [f, UEZ} PDSCH bundle® #=M3lj0F & subframel} ME& PDCCH bundle®] 0| A|ZHE £ Q=
subframeO| Zxl= 2X|7} LY & UCk

0| #R, UEE <& 9>9| (a0 =AIE 243} 20| stLte| PDSCH bundleg 415tm
Asfof &) ME2 PDCCHZ} M&RIX| R=Ctn 7FEE 4= Qlok

= UE= PDSCH bundleg 44180} & subframeTt Aj22 PDCCH bundleQ]| F&0] AIZHE £ Q=
subframeO| ZXl= ZR, <& 9>2| (0] =AIE Ziu} 20| XHMO| f=A1811 Rl PDSCH bundleg #4182
FTHta, M2 PDCCH bundleQ| $=Alg A|EE 2= QICt = UE: PDCCH bundleo] F&E 2 Qli= 7|7t

£0t C}2 UES 93 PDCCH bundled] &S 2 QUCFI 7FESH0], XFAIO] <=AI8kTL = PDSCH bundleS

2ol = (Rt

rz

ol

rir

%0

A
&=
EC
—_
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A8 ZLhsta, PDCCH bundle®] £AIE A|E81X] 22 4= QICt PDCCH bundle@| Al Op%l & = PDCCH
bundle0] M&E|E subframeO| |t &, UEE ZHA] SEHSFYE PDSCH bundleQ] £=Al8 0|0jA] £3iel & QIC}.
0| I, UEZ} PDSCH bundle ZAIsjof & subframed} MZL PDCCH bundle®] 40| A|XE & 9a

subframeO] ZA, UEZ} PDSCH bundle® #=A12 S5kl A28 PDCCH bundleo] 2412 A|Edt= &
PDCCH bundle0f A= 8igh UEE QI8liAM = DL grants F&SHK| 2313, UL grant TS M&E £ 9IC)

MTC UEE I3l PDCCHZ} PDCCH bundle2] FE|Z T& &3, PDCCH bundleQ| H&2 AHH0)| Fof Tl subframe
XA A|ZHE Y, UEZ} PUSCH bundle® ®&38k1 Q= subframelll {22 PDCCH bundleQ] F&0| A|ZtEl
% Q& subframeQ| timing0| FX|&= 2M7F SMg 2= QCk
0] Z, UEE <E 10>9| (g0l ZAIE Z{at Z0] PUSCH bundleg &3t
PDCCHZ} H&EIR] Q=Chi 7FEE 5= A

L& UEE PUSCH bundleg T&3l{0F & subframent Af22 PDCCH bundle®| M&0| AJEHE £ U=
subframe2| timing0| AX|& AL, < 10>2| (00 EAIE Z43} 20| UEE PUSCH bundleg M&3tat SAloj
MZ2 PDCCH bundie®] 4418 A|=g % QICh O O, UEE PUSCH bundleg H&dHs Sotof $Al8Hs
bundleg S8{Al= AHAOIA UL grantZ} F&E|X| =i Jpgs &= QIck

fE= UEE 0| E9 PUSCH bundleg F&EM A0 MZ2 PDCCH bundle] 418 AEg 4 QloM, Of O,
UEE PUSCH bundleg| F#0] Z& 57| 0]F0]| PDCCH bundle] F&0| SRE|= ZR0l= A4 UL grant?}
MEEX| R0k 7P8E 3 Uk £ UES PUSCH bundle®] FM£0| ERE5lE subframe@ 2 £E X subframes
(eg. X = 4) O|Z0j] PDCCH bundleg] H&0] FRElE BR0e RMOIA UL grant7t T&EX] Y0t 7HEE

&2H0l= XrAlo| =4lsfoF &

rir

A
% Q.
PDCCH bundle PDBCCH bundle PDCCH bundle PDCCH bundle
starting location starting location starting location starting location
: o (E)PDCCH—— !
s EETm -

e e R e = I s A

UE1 . . =

(a)

PDCCH bundle
starting location

I /77 s S A A A S A A

\\_\:\
i

——

R T,

UE1 : >
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PDCCH bundle PDCCH bundle PDCCH bundle PDCCH bundle
starting location starting location starting location starting location
— S— k——No (E)PDCCH for UE-——> SE—
e SIS IIPISS, RS
UE1 —>
(@ _
PDCCH bundle PDCCH bundle F;‘DCCH bundie PDCCH bundte
starting locatlon starfing location starting location starting location
[ 1
i |
. AP I I LA A s = S IS, 7T
UE1 : &
(b)
<5k 10>
<% 10>0] =A|E Z3b 20| PDCCH bundle®] Z0j+&= PDCCH bundle®| F&0] A|ZHE 2= Q= subframe £|X]
el AL 2 @ K€ == ATk 0] B, UEE= AHAojA F&EE PDCCHE A0 shtito] M EICkn
7H8g = UL
PDCCH bundle PDCCH bundle PDCCH bundls PDCCH bundle PDCCH bundle
starting location starting location starting location starting location starting location
e T REREGRH ) ; R )
e f | | : .

E. Conflict issue between PBCH and PDSCH

QrojlA Qlgst Zuf ZHO| coverage enhancement”} a3t MTC UEE £J¢j| PDSCHE= Q1% 0Ol o H|QI4E O
24749 subframeg B3l MEE £ L} 0O|et OMEIX|ZE MTC UEQ| coverage enhancementE 2[8}] PBCHZt
E749| subframes S MEE 4 QCL O] If, EXNFoZ OFDM symbol #0 in each 10msec radio frame
HOA <E 12>9] (a)0f At 20| 47l OFDM symbol (CFDM symbol #7 ~ #10)Q| center 6RBE HM& &= J|E9]
PBCH 2|of, 7|&=2| PBCHZ} M&E|X| &= subframe (subframe #1 ~ #9 in each 10msec radio frame)OfjA|

ZIME QI PBCHY} HAE 5 QUCL O] I, 227180l subframe2 & FAE|S PBCHE <& 12>9] (@)0] AR ZTp
#0| 7IEQ| PBCHZt T& &= RE XIS 88l TS E 5 1, <E 12>9| (b)) EA[E Zat o] sfgt
subframe L{Ojl A PDCCH Fg H|ejet T OFDM symbol FEg 83l HEE & ULt Of If, & LHoA =
7|E0]| F&&l= PBCHIZL OfY, 37189l subframe2 2 F&E|= coverage enhancementS $8dH= MTC UES
{8t PBCHE additional PBCH2t1 SHZILCE
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4 ODFM symbols

@ {0)]
<k 12>

Coverage enhancement?t Ha3t MTC UEE {8 PBCHZt multiple subframesE® E3|| ®& € O, legacy UE=
o|z{gt 7{E0] PBCH7I F&E[X| RE subframeE S E3| &&= additional PBCHS| =& 4X| 23ic}.
m2tA eNodeBi= O|2{gt A0 coverage enhancement® =8lidli= MTC UEE i3} additional PBCHI} F& L=
subframe0l A legacy UEO||#| PDSCH (S EPDCCH)E &% AL, additional PBCHZ} M& &= PRB YYE (eg.
center 6 PRB)& H|8fj PDSCH (SE4= EPDCCH)Q| scheduling® 2=343}{0} BiC}.

Coverage enhancement7t EQ¥F MTC UEE 2|8}l PBCHZ} multiple subframesE E3f XMz & (], additional
PBCHZt &&= subframeOA MTC UEO||A| PDSCH (EE&= EPDCCH)EZ & Z L, additional PBCHZF Mg =
PRB HAE (eg. center 6 PRB)E Is{f PDSCH (4= EPDCCH)O| scheduling® =3l 24~ QICE

Coverage enhancement7} o3t MTC UEE 2|4ll PBCHZ} multiple subframesE E3] F& = O, MTC UF=
Ole4¢t additional PBCHS] F& AMIM F& XS €1 UL 2= QUL 0] AL, MTC UEY|A PDSCHE X433t
tfoff additional PBCHRF PDSCHe| T4 PRB HHO| AK|H, eNodeB= MTC UEO|H SiEt subframe0]A] =
PDSCHEZ T&IIX| &2 == ULtk 5, UEE additional PBCH2F PDSCHE| PRB H 0] ZX|H, ST subframe0f A=
PDSCHZt F&EIX] =0t ZPEe &= UCH (PDSCHO| H&2 ZiOisIX] @Fg 4= UCH. = MTC UEO|A|
PDSCHE ®&F o] additional PBCHQ} PDSCHe| T4 PRB ¥ 0| XM, eNodeB= MTC UEOH &l
subframe0]| | additional PBCHZ} F&E|= RE A0 CY8 PDSCHE rate-matchings}o] F&E 4= QUL &, UE=
additional PBCH2t PDSCHS| PRB g ejo} AKX, si subframeOf AL additional PBCH A o) Cls)
PDSCHZ} rate-matching®|0] MEEICHD ZHEEE 5= QLK
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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 Eurcpean 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 {o 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
reguirement.

[0003] FIG. 1 is a block diagram illustrating network structure of an evolved
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 (VolP) 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 external 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.

[0008] 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.

[0068] The MME pmvﬁdes various functions including NAS signalling to eNodeBs
20, NAS signalling security, AS Security control, Inter CN node signalling for mobility
between 3GPP access networks, [dle mode UE Reachability (including cbﬂtroﬂ 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 ihcﬂudes ETWS and CMAS) meésage
transmission. The SAE gateway host provides assorted functions including Per-user
based packet filtering (by e.g. deep packet inspection), Lawful Interception, UE [P
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-
AMRFOf 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.

[0008] 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.

foo1o] 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 selection for
gateway 30, routing toward the gateway during a Radio Resource Control (RRC)
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activation, scheduiing 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 measuremenits,
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 integrity
pr@tection of Non-Access Stratum (NAS) signaling.

[0011] FIGS. 3(a) and 3(b) are block diagrams depicting the user-plane protocol
and the conﬁroﬁ=p§an¢ protocol stack for the E-UMTS. As illustrated, the protocol layers
may be divided into é first layer (L1), a second layer (L2) and a third layer (L.3) based
upon the three lower layers of an open system interconnection (OS1) standard model
that is well known in the art of communication systems.

[0012] The physical layer, the first layer (L.1), provides an information
transmission service to an upper layer by using a physical channel. The physical layer is
co:nnected with & 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
chfanneﬂ.

' [0013] The MAC layer of Layer 2 (L2) provides services to a radio link control
(RLC) layer (which ié a higher layer) via a logical channel. The RLC layer of Layer 2
(L2) supports the transmission of data with reliability. It should be noted that the RLC
layer illustrated in FIGS. 3(a) and 3(b) is depicted because if the RLC functions are
implemented in and performed by the MAC layer, the RLC layer itself is not required.
The PDCP layer of Layer 2 (L2) performs a header compression function that reduces
unnecessary control information such that data being transmitied by employing Internet
protocol (IP) packets, such as IPv4 or IPv8, can be efficiently sent over a radio
(\n;ireiess) interface that has a relatively small bandwidth.

[0014] A radio resource control (RRC) layer located at the lowest portion of the
third layer (L3) is only defined in the cahﬁmﬂ plane and controls logical channels,

i
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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 Reqguest (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.

[0o16] 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
lllustrated, 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.

f0001] 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 (1D) 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.

[0602] 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 chénge order to GERAN
with NACC) of the UE, and the network can perform cell measurements for a
neighboring cell. 3

[0o04] 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.

[0oos] The paging éccasﬁon 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 fo 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 2 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
s and MCS
[0008] A transport channel transfers signaling and data between the L1 and MAC

resources, such as PRB

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 maduiaﬁony 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 Multicast
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

directional channel used by UEs having an RRC connection that transmits dedicated

MS control information from the network to a UE. The DCCH is a point-to-point bi-

control information between a UE and the network.

f0015] Traffic channels are uséo? for the transfer of user plane information only.
The fraffic channels provided by MAC include a Dedicated Traffic Channel (DTCH) and
a Multicast Traffic Channel (MTCH). The DTCH is a poini-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 tc MCH.

100177 It is known that different cause values may be mapped on the signature
seguence used to send messages between a UE and eNB and that either Channel
Quality Indicator (CQI) 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.

[0o18] 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 vaﬂue 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 alternative “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 Signalkto-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 thevupﬂink 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.

[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 power

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 +
SNRReguired.

[0024] Therefore, any combination of SNRReguired, 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.

E@@%} The UE determines the initial uplink transmit power for the transmission of
the preamble as explained 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.

[0028] The UE performs power ramping in order to ensure that a UE can be
detected even if the initially estimated transmission power for the pream‘bﬂe is not
adequate. Another preamble will most likely be transmitted if no acknowledgement or a
negative écknowiedgement 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 fo be
transmitted.
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[0028] In praétéce, 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
fransport 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 SN?R 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 cannct 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
ﬁhét 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 couid calculate a difference between the path loss estimated in
the downlink compared and the path loss of the uplink. However, this calculation is not
po"ssibﬁe if power ramping is used and the UE transmit power for the preamble does not
correspond fo the ini%iaily calculated UE transmit power. Furthermore, the precision of
the actual UE firansmi‘é power and the transmit power at which the UE is intended to
transmit is very low. Therefore, it has been proposed to code the path loss or CQI
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.

[0038] FIG. 3(a) illustrates the user-plane protocol for the E-UMTS.

[0037] FIG. 3(b) illustrates the controk-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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