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configurati Onommumcation content such as voice, video, packet data, messaging, broadcast, etc.
These wireless systems may be multiple-access systems capable of supporting multiple
users by sharing the available system resources. Examples of such multiple-access
systems include Code Division Multiple Access (CDMA) systems, Time Division
Multiple Access (TDMA) systems, Frequency Division Multiple Access (FDMA)
systems, Orthogonal FDMA (OFDMA) systems, and Single-Carrier FDMA (SC-
FDMA) systems.
[0004] In a wireless communication system, a base station may communicate with a
user equipment (UE) on the downlink and uplink. The downlink (or forward link)
refers to the communication link from the base station to the UE, and the uplink (or
reverse link) refers to the communication link from the UE to the base station. The base
station may send data to the UE. The UE may receive and process the data from the
base station and may send ACK information to the base station. The base station may
determine whether to resend the data or to send new data to the UE based on the ACK

information. It is desirable to efficiently send the ACK information.
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receive new codewords if a bundled ACK is sent.

[0008]  In another design, the bundled ACK information may comprise multiple
bundied ACKs/NACKs for multiple sets of codewords formed with the multiple
codewords. Each bundled ACK/NACK may comprise a bundled ACK or a bundled
NACK for one set of codewords. The UE may determine the bundled ACK/NACK for
each set of codewords based on the ACKs and NACKSs for the codewords in that set.
The UE may receive retransmission of each set of codewords for which a bundled
NACK is sent. The UE may receive a new set of codewords for each set of codewords
for which a bundled ACK is sent.

[0009] Various aspects and features of the disclosure are described in further detail

below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 shows a wireless communication system.
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(eNBs) 110 and other network entities. An eNB may be a station that communicates
with the UEs and may also be referred to as a Node B, a base station, an access point,
etc. UEs 120 may be dispersed throughout the system, and each UE may be stationary
or mobile. A UE may also be referred to as a mobile station, a terminal, an access
terminal, a subscriber unit, a station, etc. A UE may be a cellular phone, a personal
digital assistant (PDA), a wireless modem, a wireless communication device, a
handheld device, a laptop computer, a cordless phone, a wireless local loop (WLL)
station, ete.

[6021] The system may utilize time division duplexing (TDD). For TDD, the
downlink and uplink share the same frequency channel, which may be used for the
downlink some of the time and for the uplink some other time.

[0022] FIG. 2 shows an exemplary frame structure 200 that may be used for a TDD
system. The transmission timeline may be partitioned into units of radio frames. Each
radio frame may have a predetermined duration, e.g., 10 milliseconds (ms), and may be
partitioned into two half-frames. Each radio frame may also be partitioned into 10
subframes with indices 0 through 9. Each subframe usable for data transmission may be
partitioned into two slots. Each slot may include Q symbol periods, e.g., Q=6 symbol
periods for an extended cyclic prefix or Q=7 symbol periods for a normal cyclic
prefix. One OFDMA symbol or one SC-FDMA symbol may be sent in each symbol
period.

[0023] Table 1 lists seven downlink-uplink configurations supported by LTE for
TDD. Subframes 0 and 5 may be used for the downlink for all downlink-uplink
configurations and arc denoted as “DL” in FIG. 2 and “D” in Table 1. Subframe 2 may
be used for the uplink for all downlink-uplink configurations and is denoted as “UL” in
FIG. 2 and “U” in Table 1. Subframes 3, 4, 7, 8 and 9 may cach be used for the
downlink or uplink depending on the downlink-uplink configuration. Subframe 1 may
be a special subframe (denoted as “S” in Table 1) with three special fields composed of
a downlink pilot time slot (DwPTS), a guard period (GP), and an uplink pilot time slot
(UpPTS). Subframe 6 may be (i) a special subframe with only the DWPTS or all three
special fields or (ii) a downlink subframe, depending on the downlink-uplink
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configuration. The DwPTS, GP, and DwPTS fields may have different durations for
different special subframe configurations.

[0024] A subframe used for the downlink may be referred to as a downlink
subframe. A subframe used for the uplink may be referred to as an uplink subframe.
Table 1 gives the number of downlink subframes (#D), the number of uplink subframes
(#U), and the number of special subframes (#S) in each radio frame for each downlink-
uplink configuration. 2Q OFDM symbols may be sent in each downlink subframe, and
2Q SC-FDMA symbols may be sent in each uplink subframe, as shown in FIG. 2.

Table 1 — Downlink-Uplink Configurations

DL:UL SWIJ.[C?_ Subframe Number

Config- | PoI° #D | #U | #S [N:M

uration Period-

ity [0]1]2(3]|4|s5]6[7]8]09

0 5 ms DISiy(uU|u|D|S|Uygiu| 2 6 2 1:3
H 5 ms DIS|IUIUID|IDyS|U|UID| 4 4 2 | 1:1
2 5 ms DIS|UID|D}|D|S|U|D{D]| 6 2 2 | 3:1
3 0ms |D|S|UITUIUlIDI{D|D|D|[D]| 6 3 1 2:1
4 W0Oms [D[{S|U|UID|D|D|D|D|Di 7 2 i 72
5 Wms |[D|S|U|D|D|D|(D|D|D|(D]| 8 i 1 8:1
6 W0ms (DI S|{UU|UID|S|UlUID]| 3 5 2 3:5

[0025] A number of N:M configurations may be supported for the downlink and
uplink. For a given N:M configuration, a downlink-uplink cycle may include N
downlink subframes and M uplink subframes, where in general N21, M =1, and N
may or may not be equal to M. Asymmetry in the downlink and uplink exists when N is
not equal to M. A downlink-uplink cycle may span 5 ms for downlink-uplink
configurations 0 to 2 or may span 10 ms for downlink-uplink configurations 3 to 6. The
last column of Table 1 gives the N:M configuration for each downlink-uplink
configuration. The following N:M configurations may be supported:

e Symmetric: 1:1 —equal number of downlink subframes and uplink subframes,
e Downlink heavy: 2:1, 3:1, 7:2 and 8:1 — more downlink subframes than uplink
subframes, and

e Uplink heavy: 1:3 and 3:5 — more uplink subframes than downlink subframes.
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A 9:1 configuration may be obtained for downlink-uplink configuration 5 by
configuring special subframe 1 to include mostly DwPTS and minimal GP and UpPTS.
[0026] The system may support hybrid automatic repeat request (HARQ). For
HARQ on the downlink, an eNB may process a transport block (or packet) to obtain a
codeword (or coded packet). The eNB may then send a transmission of the codeword to
a UE and may send one or more additional transmissions until the codeword is decoded
correctly by the UE, or the maximum number of transmissions has been sent, or some
other termination condition is encountered. The first transmission of the codeword may
be referred to as a new transmission, and each additional transmission of the codeword
may be referred to as a retransmission. After each transmission of the codeword, the
UE may dccode all received transmissions of the codeword to attempt to recover the
codeword.

[0027] FIG. 3 shows exemplary data transmission on the downlink with HARQ.
Each downlink-uplink cycle may include a downlink transmission period covering N
downlink subframes and an uplink transmission period covering M uplink subframes.
In one design, an eNB may send data in up to N downlink subframes of a downlink
transmission period, and a UE may send ACK information for the data in one uplink
subframe of the following uplink transmission period.

[0028] The UE may periodically estimate the downlink channel quality for the eNB
and may send channel quality indicator (CQI) information on a physical uplink control
channel (PUCCH) to the eNB. The eNB may use the CQI information and/or other
information to schedule the UE for downlink data transmission and to select a
modulation and coding scheme (MCS) for the UE. For each downlink subframe in
which the UE is scheduled, the eNB may process L transport blocks (or packets) to
obtain L codewords, where L =1, and may send the L codewords on a physical
downlink shared channel (PDSCH) to the UE. The eNB may also send a downlink
assignment for the UE on a physical downlink control channel (PDCCH) in each
subframe in which the UE is scheduled (as shown in FIG. 3) or in only the first
subframe. The eNB may send no downlink assignment and no codewords to the UE in
each downlink subframe in which the UE is not scheduled.

[0029] The UE may process the PDCCH in each downlink subframe to obtain a
downlink assignment, if any, sent to the UE. If a downlink assignment is received, then
the UE may process the PDSCH and decode the L codewords sent to the UE. For each

codeword, the UE may provide an ACK if the codeword is decoded correctly or a
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NACK if the codeword is decoded in error. The UE may generate ACK information
based on the ACKs and NACKs for all codewords, as described below, and may send
the ACK information on the PUCCH to the ¢NB. The ¢eNB may send a retransmission
of each codeword for which a NACK is received and may send a transmission of a new
codeword for each codeword for which an ACK is received.

[0030] A number of HARQ processes may be defined for each of the downlink and
uplink. An HARQ process may carry all transmissions of a codeword until the
codeword is decoded correctly and may then carry transmissions of another codeword.
A new codeword may be sent on an HARQ process when that process becomes
available. The number of HARQ processes for each link may be dependent on (i) the
number of downlink subframes and the number of uplink subframes in each downlink-
uplink cycle and (ii) the required processing time at a receiver for each codeword. For
example, if the required processing time is 3 ms, then a data transmission may be sent in
subframe » and the corresponding ACK/NACK may be sent in subframe n +k , where
k > 3. Table 2 lists the number of HARQ processes for the downlink and the number of
HARQ processes for the uplink for each downlink-uplink configuration supported by
LTE.

Table 2 — Number of HARQ Processes

DL:U"L. DL-UL Allocation Number of Downlink | Number of Uplink
Configuration HARQ Processes HARQ Processes

0 1 DL +DwPTS : 3 UL 4 7

1 2 DL + DwPTS : 2 UL 7 4

2 3DL +DwPTS: 1 UL 10 2

6 3DL +2DwPTS: 5UL 6 6

3 6 DL + DwPTS : 3 UL 9 3

4 7 DL + DwWPTS : 2 UL 12 2

5 8§ DL+ DwPTS : 1 UL 15 1

[0031] The number of ACKs and NACKSs to send as feedback may be dependent on
various factors such as the number of HARQ processes to acknowledge, the number of
codewords sent I each HARQ process, whether to acknowledge a downlink
assignment, etc. In one design, an eNB may send data on up to N HARQ processes to

the UE, one HARQ process in each downlink subframe. In one design, the eNB may
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send (i) one codeword in each HARQ process with single-input multiple-output (SIMO)
transmission or (i) multiple codewords in cach HARQ process with multiple-input
multipie-output (MIMO) transmission. The codewords sent via a MIMO transmission
may be mapped to layers, and the number of layers may be greater than or equal to the
number of codewords. The eNB may thus send one or more codewords in each HARQ
process. For example, a maximum of two codewords may be sent per MIMO
transmission, and the UE may receive zero to 2N codewords in N downlink subframes.
The UE may generate ACK information for all codewords and may send the ACK
information in an uplink subframe of the next uplink transmission period.

[0032] In an aspect, a UE may bundle or combine ACKs and NACKs for multiple
(K} codewords and may gencrate bundled ACK information for all K codewords. In
one design, the UE may perform bundling with a logical AND operation on the ACKs
and NACKSs for all K codewords. The UE may generate (i) a2 bundled ACK if ACKs are
obtained for all K codewords or (ii) a bundled NACK if a NACK is obtained for any
one of the K codewords. The bundled ACK information for the K codewords may
comprise a bundled ACK or a bundled NACK. The UE may also perform bundling in
other manners. Bundling of ACKs and NACKs may reduce the amount of bundled
ACK information by a factor of K.

[0033] An eNB may receive the bundied ACK information for the K codewords
from the UE. If a bundled ACK is received, then the eNB may send the next set of
codewords to the UE. Otherwise, if a bundled NACK is received, then the eNB may
resend all K codewords since the eNB does not know which codewords were received
in error by the UE.

[0034] In one design, the K codewords may be sent on up to K HARQ processes
that may be started at the same time, e.g., in different downlink subframes of the same
downlink transmission period. The K codewords may then be processed (e.g., encoded,
interleaved, and modulated) by the eNB such that they have similar target termination.
Target termination refers to the number of transmissions of a codeword needed to
achieve a target probability of correct decoding of the codeword. The eNB may send a
new set of codewords whenever a bundled ACK is received.

[0035] Bundling may be performed in various manners. In one design, bundling
may be performed for ACKs and NACKs for all codewords received in one downlink
subframe, e.g., for two codewords received via a MIMO transmission in one downlink

subframe. In another design, bundling may be performed for ACKs and NACKs for
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codewords received in multiple downlink subframes, e.g., one codeword in each
downlink subframe. In yet another design, bundling may be performed for ACKs and
NACKSs for codewords received in all downlink subframes of a downlink transmission
period. In yet another design, bundling may be performed for ACKs and NACKs for
codewords sent in the same layer across muitiple downlink subframes. As an example,
for a MIMO transmission of two codewords in each of N downlink subframes, one
bundled ACK/NACK may be generated for codewords sent in the first layer in the N
downlink subframes, and another bundled ACK/NACK may be generated for
codewords sent in the second layer in the N downlink subframes. In general, bundling
may be performed for any number of codewords received in any number of downlink
subframes with or without MIMO,

[0036] The UE may receive K codewords in N downlink subframes and may
send bundled ACK information for these Ko codewords in one uplink subframe. In
one design, the UE may generate a single bundled ACK/NACK for all K codewords,
and the bundled ACK information may comprise the single bundled ACK/NACK. In
another design, the UE may generate multiple bundled ACKs/NACKSs for multiple sets
of codewords formed with the Ky, codewords, one bundled ACK/NACK for each set
of codewords. The bundled ACK information may then comprise the multiple bundled
ACKs/NACKs. For example, nine codewords may be sent on nine HARQ processes in
nine downlink subframes with downlink-uplink configuration 5 in Table 1. The UE
may generate three bundled ACKs/NACKs, e.g., a first bundled ACK/NACK for the
first three codewords, a second bundled ACK/NACK for the next three codewords, and
a third bundled ACK/NACK for the last three codewords. As another example, four
codewords may be sent on four HARQ processes in four downlink subframes with
downlink-uplink configuration 4 or 5 in Table 1. The UE may generate two bundled
ACKs/NACKs, e.g., a first bundled ACK/NACK for the first two codewords, and a
second bundled ACK/NACK for the last two codewords.

[0037] In general, the bundled ACK information may comprise any number of
bundled ACKs/NACKs, and each bundled ACK/NACK may be for any number of
codewords. If multiple bundled ACKs/NACKs are sent, then each bundled
ACK/NACK may cover the same number of codewords, or different bundled
ACKs/NACKs may cover different numbers of codewords.

[0038] In one design, bundling of ACKs and NACKs may be static or semi-static
and may be configured, e.g., by higher layer at call setup. In another design, bundling
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processing time by the UEs, etc. For example, progressively more bundling may be
used for progressively more asymmetric downlink-uplink configurations or for
progressively more imbalance between the amount of data to send and the amount of
resources available for ACK information.

[0039] In onc design, the UE may send ACK information comprising one or more
bundled ACKs/NACKS for Kol codewords. In another design, the UE may send ACK
information comprising a combination of bundled and individual ACKs/NACKs for
Kiotar codewords. Each bundled ACK/NACK may cover multiple codewords among the
Kot codewords. Each individual ACK/NACK may cover a single codeword among the
Kiowt codewords. For example, individual ACKs/NACKs may be used for certain types
of data (e.g., delay sensitive data such as voice), and bundled ACKs/NACKs may be
used for other types of data (e.g., delay tolerant data).

[0040] The eNB may encode a transport block of information bits in accordance
with a forward error correction (FEC) code (¢.g., a Turbo code) to obtain a codeword of
systematic bits and parity bits. The systematic bits are the information bits in the
transport block, and the parity bits are redundancy bits generated by the FEC code. The
eNB may partition the codeword intc multiple (Nry) code blocks, which may be
assigned redundancy versions (RVs) 0 to N, —1. The first code block with RV 0 may

contain only or mostly systematic bits. Each subsequent code block with RV > { may
contain mostly or only parity bits, with different code blocks containing different parity
bits. The eNB may send a downlink assignment on the PDCCH and a transmission of
one code block on the PDSCH to the UE.

[0041]  The UE may process the PDCCH to obtain the downlink assignment, If the
UE receives the downlink assignment, then the UE may process the PDSCH in
accordance with the downlink assignment to recover the codeword sent to the UE. If
the UE does not detect the downlink assignment, then the UE may skip processing the
PDSCH. The eNB may send the downlink assignment on the PDCCH to the UE, but
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[0046] If the eNB implements option 2 and the UE actually received the downlink

assignments, then the UE may receive the N code blocks with RV 0 containing the
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systematic bits twice. The eNB would then effectively transmit the codewords using a
repetition code instead of a Turbo code, and performance may be degraded without the
Turbo coding gain. The loss in coding gain and the corresponding loss in throughput
may be more severe when ACKs and NACKs for a large number of codewords are
bundled together, e.g., with the 9:1 configuration.

10047] In another aspect, the eNB may generate code blocks in a manner to account
for ambiguity between NACK and DTX due to bundling. In one design, to combat the
possible loss in coding gain due to bundiing of ACKs and NACKs, each code block of a
codeword may be defined to include both systematic and parity bits. The eNB may
generate Nry code blocks with RV 0 to N, —1. The first code block with RV 0 may

contain only or mostly systematic bits. Each subsequent code block with RV >0 may
contain both systematic and parity bits, with different code blocks containing different
systematic bits and/or different parity bits. The percentage of systematic bits in each
code block with RV >0 may be dependent on the tradeoff in performance degradation
for the two scenarios described above. The eNB may then send a different code block
for each transmission of the codeword. If the UE missed the downlink assignment, then
the UE can receive systernatic bits from a subsequent code block. If the UE received
the downlink assignment but decoded the codeword in error, then the UE can receive
parity bits from the subsequent code block.

{0048] LTE supports a number of PUCCH formats for sending uplink control
information (UCI) such as ACK information on the PUCCH. Table 3 lists the PUCCH
formats supported by LTE and provides the number of bits that can be sent in each
uplink subframe for each PUCCH format.

Table 3 — PUCCH Formats

PUCCH Format Number of bits per subframe
la 1
1b 2
2 20
2a 21
2b 22

10049] PUCCH format la may be used to send one bit of ACK information for
SIMO without bundling, e.g., one bit for ACK or NACK for one codeword. PUCCH
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[0052] In one design, ACK information for all HARQ processes may be encoded
jointly. For a SIMO transmission of one codeword per HARQ process, 14 information

bits may be used to send:

o DTX, ACK, or NACK for each of 8 HARQ processes, or
e ACK or NACK for cach of 14 HARQ processes.

[0053] Three values may be used for each HARQ process to convey ACK or NACK
for one codeword or DTX. A total of 3 values may be used for 8 HARQ processes and
may be conveyed with 14 information bits, where 3° <2*. Alternatively, two values
may be used for each HARQ process to convey ACK or NACK for one codeword.

[0054] For a MIMO transmission of two codewords per HARQ process, 14

information bits may be used to send:

e ACK or NACK for each codeword or DTX for each of 6 HARQ processes, or
¢ ACK or NACK for each codeword for each of 7 HARQ processes.

[0055] Five values may be used for each HARQ process to convey ACKs for both
codewords, NACKs for both codewords, ACK for the first codeword and NACK for the
second codeword, NACK for the first codeword and ACK for the second codeword, or
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nostly or ofloye f@rlink shbfr&mes/\thhﬂuﬁlnﬁlcf QibGRnes.OUeotl QeicH cﬁ'@ﬁia&tsﬁh’slﬁigssmn on
different parity bits. The eNB may send a downlink assignnent on the

PDCCH and atber Wi ks seeyer (li?f?é’ seive ghe aruléplet ¢pdePpgeHnt & femss aoe, uplink

[0041] The UE 5By, Ak %hcﬁégos&gﬁ@ dQu %@Pﬁ%ﬁs gﬁgﬂaﬁwnﬁéﬁa%ﬂ%@

If the UE receives t Hass gn nay process
t he PDSCH i recaiseiondganeeeivd thie mhlapmomwbidsaﬁshtglﬁmrmetmm@cmeéss,t With all
codeword sent tq the | f the UE does not ﬁet ect the downlink

assi gnment , TEREHSEHS A ITEa?PaSPd§WPf51 Wik ph gt HORSDIEEESSThe eNB may

send the do BRORBY nfly H08E AL Hl1Apfnedy 1
3000/ 13760rRo s paaE, SacRel nbl) dparl TRy M SS roufifblodi14) and may

assi gnment {eempipe dechdE othe NWUKI fonlkeacts so@mcﬂltbaseml e decodirgn ckswid fbd the

i scont i nuotSerERCpas Foh” RS2 Gl A GK® GBAPAGRs frpthe mulipl
di stingui shehRiweRto Bh%iRBehdCKCK ﬁférﬁiaﬁoﬁ@lﬁ@ck ﬂf@_l feedbagler fn% sefi®the

codeword may be one of the follow ng: E mssed t
PDCCH and dbéndhest Aﬁé%mfomatm asolkadhagk fa@megnnbmie COdﬂ@lQrdSXbﬂdvé 420) The

codeword wa > t he de d was . .
decoded in ierc fglggr lglﬁgﬁ%%éﬁﬁ %a%k %ng:\enélo{l He 28 o\ ggﬁft\é@!ﬁnﬁ asﬁo?ﬁt%ﬂ iwéth
recei ved frm@at llﬁstldﬁealﬂd/nﬁﬁlysmdlh@m&i(ﬂle@m 1Blcogdndrlls vePACKeiVE.
received. The eNB may thus send different code bl ocks dependi ng on

whet her DTXIWZNACI{H@G Aedsy \ib%jbuml@ ANE iyrmatipg ey comwrise aslngedrungled
d
D1 ocks wi ¢ h QI NATICRY hE st K56ncrld “BlHRYSIR TRIORAS, Bty may

subfranes apdfomybmﬁlﬁldgaaamhdeﬂ & Ddgicas SNGD wpatation ot hige RUE@I-hﬂdri\IAa:m for the

downl i nk subfrane, e.g., as_.shown in FIG 3. These N code bl ocks may
i ncl ude sys’cnélifﬁ’geccog‘?‘?%rd’ForTli%ée%VGBﬂ%Wog‘éﬁeth ADeadhnglsnf ik if ACKS are

subfrane, thgaidEd TBY aﬁrﬁcﬁésmﬁllﬁgléo Dot & gxeh‘?)cﬁ H(uﬁﬁle@ ARl 'ifng NACK is

assignment and may process the PDSCH if a dowrll ink assignnment Is
recei ved. Thlfaiged rﬂmﬁng@ne phthe mmidpbe:nde\am‘dmnﬂi an dacigh NACKedeDrer adaly receive

d d d The hQw . d | i nk
aast gnent < ERLPEURN, BT Y HEC e 0RHaRa b RO S d® A/ RACR ol
the eNB receddeeord (Bw&ﬁ'él@g) NAGKreCEQBR B rddBiveReNcddBRoRINBE %ﬁnd]é’d’ ACK is

the following options: 1. Int e;gr et the bundl ed NACK as conpri sing
NACKs f or a$qntf@réb@@ﬂbﬂﬁéﬁ;0<&ﬁwo Hblosk 48¥e bl ocks with RV 1 to the UE,
or [0063] In another design of block 418, the receiver may obtain ACK, NACK, or

DTX for each of the multiple codewords. The receiver may then map the ACKs,
NACKs and DTXs for the multiple codewords to multiple bits of the bundied ACK
information based on a predetermined mapping. The receiver may also perform

bundling in other manners.



2. Interpret the bundled NACK as conprising DTXs for all N codewords
and resend the N code blocks with RV 0 to the UE. [0045]1f the eNB

i mpl ement s‘ﬁp%dr?gjﬂs,%ﬁand the UE actually missed the dom\,\}’iFﬂ}%W”?jm”m

assi gnnent s, e UE would miss the {§ code bl ocks

containing the systematic bits and may receive the N code blocks with
RV 1 containing parity bits. Performance nmay be degraded by decodi ng
t he codcwor df006it)t h dwlayothtred@ini the birddted AOB4Glfdinatibe n@%&dﬂiﬂﬂs@ﬁﬁﬂhﬁle

ti 2 dt ei.ved the downlink assi t hen
The U eyt Bidfese ACRENREHY o TS ety obegogr 1t APRIHGMEheine L ple
2009/ 137646 PeddcWoRR0 KR 398died 2 CR/SUARTR ke &kﬁpﬁsé W%ﬁdiea' hecie VB avkifd

then effectivel ¥I%t ransmt the codewords using a etition code

i nstead of a &rpasct efrmedpwper ﬁﬁﬁt%ﬁtﬂw lbféu‘ét‘e i all eetowordsoreelitadan
Turbo codi NgofAlibiathe (hOsRiehBras WM 4Rl fyanst Weg&mm@e&nlea

i n throughput may be e severe en Al or a
nunmber of coteltpiasibirmedondlipebdtwgms eeived ingone onintdne $ubéradied The receiver

configurati on, 0047. not.h t he .eN

bl ocks in a M4 hgtem%loe %@%ouﬂ%gﬁ%%fﬁr ej?ChbS@F ﬁgﬂ Cﬁi %ﬁ%krb goﬂ%j@ abks
t o bundl i ng. ardINaGE sdesihg RoddwrdointiRst sEhﬂk&ﬁ‘éédné&@ﬁyQ&ieNe?eﬁ%hﬂ@mn og
gain due to bu dli f A each code ock of a codewor
may be defin&¥ hsg! ?r}%eﬁ%?%fﬁ”r}g%%wﬁqd@%ﬁﬁ i &§F1tt N FeCgivermay EqEve a
nmay gener at endNaYet ©0ERicRORBKS: bkl St BVodlelvBrds FdrivtMctr 4 bunbi@ A@K%&t Seﬁpde
block with RV O_may contain only or nostly systematic bits. Each

subsequent cHW8Sh| odik opg depigRy the TCoiEgr dNeRiRA dhHtts Fyssmentatis confimpration
parity bits, fd’l“btugd@‘}g{) %\@5@ dq‘@)quQ 10 k?roﬁlo{ﬁgﬁér hﬂegs di Iheesrfa%pgf afcall The

systematic bits an rent par ercentage o
systemati c bigcsivém meacther getefobyh duidlng hn mchnsdaﬁxceraylﬂbehajepaadgngenumanc

the tradeoff er.f or manc radation for the t. cenari o .
descri bed ab%(%/%gerﬁﬁgneﬁ%aq@g,e 1%%% %é‘?ﬁcg"%ﬁ TP t?ilf‘ c@'&i@mbq W%g‘ﬁrgpon for
each transni bsidbing fCKhendcNdERBr fdr tHefmﬁalieﬂoEeMrS§Qﬂ£§ 1 ie stawidd skt with
assignnent, then the UE can receive s%g tic bits froma subsequent
code bl ock. i $HEVRIEsT LB veeqrveh&aothiam ing Oﬁ%ﬁuﬁﬁlﬁ:@ntn BeROras o dad the
t he codewor ddiianfé E@ifigulalle) the UE can receive parity bits fromthe
subsequent code bl ock. L0048 ]LTE supfg@rts a nunber of PUCCH formats
for sending UWOfhk &3t P shownt desien ¢ f(ma)u%siﬁaﬁoe@cmmgudnfaanmwwe

provi des t he Runbare R yRED. | pEpiEETicbohimla, JURRA Sh B pdlp Mg

for each PUCGMeivordvan at Fathloee SubfraRigCChioale Fa# so Wlﬁonutaple oddverrdph

bits per subf 'odgln%llﬁe%o detem%me an ACK or a NACK for each codeword based on decoding
result for the codeword, a module 518 to bundle ACKs and NACKs for the multiple
codewords to obtain bundled ACK information, a moduile 520 to send the bundled ACK
information as feedback for the multiple codewords, a module 522 to receive
retransmissions of the multiple codewords if a bundled NACK is sent for the multiple
codewords, and a module 524 to receive new codewords if a bundled ACK is sent for
the multiple codewords.
[0067] FIG. 6 shows a design of a process 600 for sending data in a wireless
communication system. Process 600 may be performed by a transmitter, which may be
a base station/eNB for data transmission on the downlink, a UE for data transmission on
the uplink, or some other entity.
[0068] The transmitter may send multiple codewords in at least one subframe to a

receiver (block 612). The transmitter may send the multiple codewords (i) in multiple

subframes, one codeword in each subframe, (ii) via a MIMO transmission in one



2 20 2a 21 2b 22 WD 2009/ 137646PCT/ US2009/ 043087 13 format 1 a may
al so be used to send one bundl ed ACKINACK for mnultiple codewords,

e.g., for prds received in one or nore downlin rants. . of
a downl i nk éé@gﬁlﬁ\gﬁg on period. [0050] PUGCH format |b §§’§J§£"8§’g‘§§%

send two bits of ACK information for M MO w thout bundling, e.g., one
bit for ACK or NACK for each of two codewords sent with M MO PUCCH
format | b nayulbdilase, 6@) vis @IMO tisesrdistignstio ntuktiplb walsdtaeoks ACKS) NACHKS: drahore
up to two sets of codewords, one_ hundl ed ACK/ NACK for each set of

codewor ds. EJeHTUSIONE 0GR MAIeSRIE Y S dewor ds sent with M MO, Each

set may al so[0068] udahe agRvmitEs nE®Necdite iddier QUK dowMdtibk SHEhEANBSthe
The anount of bundling nay be dependent on the NN'M confl(%uratl on, the
number of dolSFVFkOASEHER Afrds %‘é‘éﬁ‘\@g? foratha multie redsavorts, (blogle Shimtlarone

of codcwor dsds&@nt thd) n@RGHEOMRY 1sBkd SHbiufifle MMGIORET 0kt RA% MeMRviink
enpl oyed, etc. | 0051] PUCCH formats 2, 2a and 2b may be used to senc
nmore t han twerbiiams asfl iaGKreceiv o theabundled 40K infoamptien inugn elink4subframse of a
ACK i nf or mat i : i . aQr. 2.~23.0r .2b with cod
fate of 0.7 008 JRbn St Elbs AT R ool Bl bl Ptk
PUCCH f or mat sutZram2a tiemdui mkvdubfrateghé aosthérowssign datetrigbriiser hH05dl the

one design, ACK information for all ocesses may be enco
jointly. an@%@"lwd{:wgﬁgm aGlre ong u@ﬁ’?%@ﬁ%??ﬁ%? r%ﬁ\ﬁ@ﬂﬂf‘r @’@ggg,AciIﬁ
i nformation bifsaltBy ibedMeERkisabBaRn a TIX. syAGK with mDAGSIFIOsuRaGRs Han
8 HARQ processes, .or. ACK or NACK for each of 14 HARQ processes.

[ 0053] Three %Wlﬂé’é‘sﬁh@a%- used for each HARQ process to convey ACK or
NACK for onergeglewortle Qanddfitler fin @Jtéﬂnnﬁef whahS B UESHdRY n@%&ﬂéé@%&v&édsgé

HARQ processes and may be conveyed wth 14 information
<214. Al ter nist sopdingw qodowerdh besed rmaythh dunded AUK idfamtatibiARQogr 6LBs dntane

f\?\gvgg d/eA\vC\Iér gges%%ﬁk%dgeggféggggﬁ@@%ﬁoé %1%35/4&51%%39‘ al\éling € Ej{ir?‘&ésc{n AMRC?{,
which may be obtained by the receiver based on a logical AND of the ACKs and
NACKs for the multiple codewords. The transmitier may resend the multiple
codewords if a bundled NACK is received for the multiple codewords (block 618). In
one design, each retransmission of a codeword may comprise systematic bits and parity
bits for the codeword in order to mitigate performance degradation due to ambiguity
between NACK and DTX with bundling. The transmitter may send new codewords if a
bundled ACK is received for the multiple codewords (block 620).
[6071] In another design, the bundled ACK information may comprise multiple
bundled ACKs/NACKs for multiple sets of codewords formed with the multiple
codewords. The transmitter may resend each set of codewords for which a bundled
NACK is received. The transmitter may send a new set of codewords for each set of
codewords for which a bundled ACK is received.
[0072] FIG. 7 shows a design of an apparatus 700 for receiving data in a wireless
communication system. Apparatus 700 includes a module 712 to send multiple
codewords in at least one subframe to a receiver, a module 714 to receive bundled ACK
information generated by the receiver based on ACKs and NACKs for the multiple
codewords, a module 716 to determine whether to resend the multiple codewords or to
send new codewords based on the bundled ACK information, a module 718 to resend

the muitiple codewords if a bundled NACK is received for the multiple codewords, and



information bits may be used to send: ACK or NACK for each codeword
or DTX for each of 6 HARQ processes, or ACK or NACK for each

codeword I—&%ﬁﬁ%ﬂ%k 7 HARQ processes. [0055]Five val ueicmgggg?g%d

for each process to convey ACKs forigoth codewords

bot h codewords, ACK for the first codeword and NACK for the second
codeword, NACK for the first codeword and ACK for the second

codewor d, or a nAOUROTIY 035264 6PECTOUSAH09 110 BORITedLACRTIX reckivted tfat thofm@Giple
val ues may be used, for 6 HARQ processes and may be conveyed with 14

i nf or mati on B‘?‘fgf ohere 56 < 2m. Alternatively, four val ues may be

used for eaC[’OWQ Mhe eReialca HOFIGEY 5 afdy e)ayAGikpasc M@&Jr@ﬁaie@ﬂ@rhcs devices,
codewor d. g@g] I n not her design, ACK informnmation for each

process may gfélﬁt CYISHRSRCEPYICS pYRPORCIEP MOBICHl IS HItS SRGIRPLISE %ﬁ&are codes,

codeword per f'h‘ﬁﬁ@e%&l%e&@;oxt cOinkfibohBRbLE on for each HARQ process
may be sent in one bit without DIX or in two bits with DTX. For a

M MO t ransmi §¥776h offI6w8 skedenblogk dipsrampied prigscelssbase Hati@eNB 110 and a

i nformation T,
or in thr e bt RTINS B BHEDT e BB R g R B BT
shown i n TabBesc3tatmy laﬂmyﬂne eqmgpbdt\wlﬁcﬁramycnﬁ@@i?mﬂnmught%warfch!:IEdG:mmy
5 mmy be. gonBt S BRPAS s BH RN 11 Ve 10960 SHE| { PAcPOEbBilved
Uni versal Te(pogstri &t RedbtatidCCHES tidnsthit RAYcesd3n B30 edly rehvn@lis f@nshe or
Modul ation,” which is publicly avail abl e, 100581l n one desi gn

bundl i ng mayM9E HERfE Soﬁé%cfgé?’rﬁfﬂffs? Gea-ccarodenpd srdplats) e st foneach
ACKs and NACKE:, hd pahideGREeWR s P e hu nﬁﬂa 1%%1%05&%51%200&%% @fge\f@cewe

I n anot her design, bundling may be achieved ppi ng A
and DTXs f or ceiitiol dofvewetiats (¢, Bownltuﬁ( @ﬁmgnmmméofrm@ |cn1ﬂtml}¢dpnog¢sschra§é@l

on a predete

may be defi nég;'c%%q]#r?cﬁlr egglrﬁ?)r%ﬁ ﬂ)ﬁ? V}C}f(&%mgg&%k Jr%sﬁnﬁrﬁcc{s?& 820

codcwor d andntaprae gexiemmseffemncdj‘fymbm{oﬁmferbm@gnnis and eeyndhultiplex the

codeword. Each of then entries ipn the,table r W th

et 58 paldiBios PR ERe B SunBuh Ao i Ep R HaPSisy A T hbfhsgor
Ee equEI dt 0 8%1 @1%36 Prdcess! 1(& 8r ﬁﬁ'&:ocﬂe) the sg;tmdol@%hm syt prébeﬁﬁesl(ﬁ@f@apﬁeable)
e marked wt ' 0 o

r The map be defi ned
to achi eve t A pre¥ide Eoplﬁtm atfmlefﬁ %ts?arrmkéf mﬂm@r‘;éﬁ@%ﬁ@a fhepughrfS 0t \Jgach
codewords. AscaRRlR®E0 XA RbEess ds Dupud symBoll KRALE (BBY fQIe O‘P‘QfM)n%dotItzﬂﬁ an

three codewords, and each of the 27 entries In the table may
marked with eweuioanm ploeast. blFacl aragekitdr 030t ey Buthen gheditini (tsg ?ﬁmefert to

mapp'“gmayg(%e A %@ge fot? O%

and DTXs for lﬁ] ffhtr@éemi’ gﬁ Hd gfé(:%n 5 ]Olillfﬂé?ga @Eg\;\/ésa%gto enﬁ% ?3\'}%%

process 400 fignalr 8céowsiling sidatla fiom moinlntetsdSdz clonubndidatap be wssmamad via

Process 400 e f rn"?%g a receiver, which may be UE for data

transm ssi onlf‘ca?ﬁte%aeg%gg?l\ﬁ\r? 89%‘ FEREULE | on/ eNB for data

transm ssi on[@sf he AplE nko, @Een&%ﬁttﬁﬁhgle%lrtﬁiay réb8ive @ROIWINBK signals

receiver nmay receive multi pI e codewords in at | east one_ subfrane,

e.g., from base station 110. Each antenna 852 may provide a received signal to an associated
demodulator (DEMOD) 854. Each demodulator 854 may condition (e.g., filter,
amplify, downconvert, and digitize) its received signal to obtain input samples and may
further process the input samples (e.g., for OFDM) to obtain received symbols. A
MIMO detector 856 may perform MIMO detection on the received symbols from all R
demodulators 854a through 854r and provide detected symbols. A receive processor
860 may process (e.g., demodulate and decode) the detected symbols, provide decoded
data for UE 120 to a data sink 862, and provide decoded control information to a

controller/processor 870.



recei ve transm ssions of code blocks of a particular RV for the

mul ti pl e codewords (bl ock 412). The receiver may receive the nmultiple
codewor ds g 2doB13ist | Pl € subframes, one codeword in eag

(ii) viaa M I\/D%ransm ssion in one subfwane, (iii) via FIWM/&%
transm ssions in nultiple subfranes, or (iv) via one or nore

transm ssions in one or nore subfrarres. In one design of data

transm ssi onl0A7lt he Addwnl li2fik date Heom exc daty espunee\878 endi wtrbhelfmattibpl(eg N
codewords in e [ emwth
asymmetric d%‘\%ﬂdlléd %%IIJ( ?&ﬁ n%ggﬁi ﬁ%ﬁ}’ ;?Il%orlll% R?F%S&ngr mcf’é’\/\ﬁff iPpecssed Y a
subfranes t hamso pl’ﬂdebaﬁm B8O Em‘biﬁ'ecddad byne Midsd gmceésoldwaftappm&rfﬂe$ & ¢blain
on the uplin t he re |ver receiv he mul Ie codewords [.n at

| east one up‘J‘i %F(puéafﬁfl ﬁge?lﬁsnaﬁfﬁﬁc%§§ Fphrepe érwpmseedﬁ?m
than downl i nnsushkiamse g6 SEEBIWED oBRh R%@@uvmﬂ)@st@ah!slaah fhay further
codewords on at_| east one HARQ process, with all transm ssions of

each codemrﬁpfﬁéi%gt@eﬂﬁtp‘&nsme MR 1 cbézn Efouné!ﬁmela&s@c\éwerm%ye
decode the e an

a NACK for rerg%: ) e‘&g?\dﬂﬁ%@gﬁé%ﬁq cg%lﬁ%% rAéjts St?@én tﬂjé co‘gﬂnﬁ%n%
(bl ock 416). frfFMeUEed:Ei ey hayemmdl ey A@Ksnaan&BMA@h@gho%?t heomhtimﬁcplaed
codewords to obtal i (bl 0gk,, 418 LLee

may send the PRuRar 8 &%208& %(?()nr%u Elf%g)(t:fba %IFI P%O € P’paf Z\}[IWF(S
codewor ds ( bticﬁed{orm)(if a'ﬁbkﬁcab&it enhd/ e Fecairy psRBsiot KG8 hus&ﬂvadﬁlé\@k{ta and control
information i I|n frage associ ate ith the at | east one
ownt k. SubFTaREIPhseRh e AL RD R e G Seoa Sa Fog Pside deerdbp v 1 & data
[0062] In ongngl@s & préNge &Béﬂ@’éd%nﬁ@’fnfo&hﬁ[dﬁﬁbb&ﬂrdﬂ@ﬂ/pr%@é%&fr't%ﬁ@ a

si ngl e bundl ed ACK/ N£G< for the nultiple codewords. In one design of

bl ock 418, tHW@78lecelCpptroligayrpesssas AtbartPThgapdied thmorsratiogiat haseARbon
operati on on dA@E
rgcel ver maylgdeﬁner at 212? G : Eundl edock%% @Z%H i%reoé}(r&g% gsraﬁsed{ﬁpg?dué 5t

of the nultipise stdeWdt dey qmcerm pr dirdstipchcesd MGKFIG} %fdmaé tiragismission on
obt ai ned for ,an n t odewor ds.. ne, desi

receiver maythF‘ € e@%ep ces’rg(zgsmltsq (%nfg)r g?tg% ansmls?l?n B]Ile c% éﬁ}&gu%“‘*? oéher
bundl ed NACKpiosess@nfor ttar tetindquesildbdcibed hadi@worrdss{dn|8a0lkand/B2 bther p@cessors
receiver nay receiye n s.if a bundled ACK is sent for the
mul tiple codB@b agc\{le Bt} awgi\g)fél‘? B8 Sl raiBEsion ediegilisk. dirowrson #E0
the recei verafiyt s Probeeks aM%ul&%t@@Qﬁ@Fna?%@Ho@ﬁ of H‘i@ec‘i‘&f&cbs@l@(} in

codewords. The receiver may then map the ACKs, NACKs and
mul tiple codBliorfisior dlafy rreRspission g Gp davenliplin grosessAGH iim i Gt |f@rndata

baces on 2 PSR A, W ! SLSTHITEY O ARSI v

[ 0064] I n anoPWeq:SSde&?@)mndtOheotbﬂJnQﬂoe@Smﬁmﬂmmlat AGKs nayl Nj’t@iﬁ sf@' data

mul tiple bun d.ACl Cs Sk L tipl et codcwor
wth the mut ERETES Rl iRk, bR RGeS R e Bl Pederam
bundl ed ACK cxrdea flrunet eetiACK) har Uenk20s ﬁisp&hvﬁ?deill\l@ct’ﬂé&ulerE&ﬁmthﬁE;cHEEMe

i nclude (i co emords recelv d in one bfr codewor ds
sent in f)n)e %é 2 {RNE SR NS PR glﬂf ﬁn%{ﬂﬂ%ﬁaﬁﬁll%ﬂ resources to

subfranmes, Ofhelticdhie80gWOr ds received in one or nore subframes. The

receiver may determ ne the bundl ed ACK/ NACK for each set of codewords
based on t hell8ZRs adhosemtickilkigrthe aré vosldedersnd that frfermasion amhsignals may
recei ver 4 RERIUSCS GLRANAFIOTS ichf oL aERrRES .

whi ch a bundFegébNAS\ eé lg WOThe rlg?e?vglr@ﬁe%y %Cg%%lé%ex\ﬂ{n%\%h%g{esof%r
codewor ds f ogxagmdda dset Htsfru@@devmdsanﬁarlnfmmeﬁona sigurld] BW, A@KbAls apérhips
[ 0065] I n one,d SI n rec ver y..obt.a static _or .sem-s

cont 1 gur a1 ook Sotm AP ErhCRR ST UB e SShiobonfl sRerridylid by
at the st artv@fagas cardnts, 'Ehaetrﬁrﬁﬁ@btiebvamymhﬁtﬁﬂc prtds @ prdoiglasl| dphigal ifizlds or
accordance with the static.or. sem - §tat|c configuration. |In another

particles, or any combination thereo
[0080]  Those of skill would further appreciate that the various illustrative logical

blocks, modules, circuits, and algorithm steps described in connection with the



WD 2009/ 137646PCT/ US2009/ 043087 17 subfrane, (iii) via M MO

transm ssions in nultiple subfranes, or (iv) via one or nore

transm ssi i e or nore subfrants. [0069] The transg)

receive buﬁ%k?é%%\%ﬁ%i nformati on generateg by the recei vglr:wgg%ogy&é?lm
ACKs and NACKs for the multiple codewords (bl ock 614). In one design,
the transmtter may send the nmultiple codewords in at | east one

downl i nk subfiisdnsrahdemayay éc anylenehted ks rcechiAGK dwaf compitensdftwaag) or

upl i nk subfr in.a T stemw t h.an asynmretric downli nk-uplink
confi gurati oﬁ%{}%}ﬁ)&s r?n?r%gﬁ%omt[ﬁl ?E(ﬁafzfysﬁ%ft@?% s EWSWEW%‘{%WS‘%&&@H%&&M
I n anot her deasfivgite, vafieustill@native doipofidits, SRS, imttu | dircptsg st DAL AShdeA
at | east one upl.%eglékﬁubfragﬁ and may _receive the bundled ACK . = |
i nformation fHCH Y5 sRacelipin Gaps Phihglr FnsteiAlbe nYRFHA Sveh Smghenaliiy is
subframes thampisawidd B hatdfafABE Softb A0 TRIINR dof BB JabtflulaMB¥plication and
determ ne whether to resend the nultiple codewords or to send new
codewor ds badesiEnoiPnstFenty ifapsed omdhe vefabl systeme nSkilitdoartisagy @)y itplepsat the
desi gn, the d i : i i . Si . I

ACK! NACK, i SR STl PHITRus08L B, SOERGLS Byl ShOIHEE B, s
AND of the ADKScragrdatiiAGKsisions shtvdd mot be phterpeoete wo casing Th dejpariarns fromt Be
may resend tg’lc% rrult\%i gl en[csﬁd words if a bundled NACK is received for
the nultiple CBHEWOT %ese( 5€ S”gi'S). I n one design, each

retransm ssi @08bf aTaedemersdillasyatioe IFits dlsksaoBllés abd ticdaRddddaite Yin
bits for the codeword i abr&%% to mtigate performance degradation
due to anbi gEf?“PﬁCtlﬁ’ét“YRH'etﬁe UL BCTBITE 034 BermBlTANicA §F ParFReMCe by acperpl-
may send ne ERWRE i f 2 8icaun ' el t AUl
Cotennr ds. (bl ool o JEf | LR pferssbe (e blichor o tatesa
i nformation ¢Ept ) @il progpinemdhilm date @rr noKsothgrpragramible logic
sets of codeyqrds f: it ol tiopl ey The. tr m.tter
may resend e%&é e({&(%%{gg%#emogr%%%ﬁom# \E/cv)ﬁl&é hdi%? g\rllpdaﬁ &e{garf\lA%%plog Qﬂ}?, bf any
recei ved. Theonlrisaimmi thereof dmignsd h parforewths étinoibne dekevibeddberbiar &agheral-
set of codewords for which ? bundl ed ACK 'hst.r ceil\_/ed..q[ Q72| FIG 7
shows a desi BHPEF PAIF*HShEFALHE MHEPTOSTs e ¥ TG GRALYS: fReProgessor geg be
comuni cat i omysysik-@monfpareadonsconiolldrnalousieatraldmpstge hhehih® AeHBcessor
mul ti pl e codewords. in a}t | east one subfrape to a receiver, a nopdule
714 to recei V&Y BABF ERploRsatedisor (omUIBHOY EheraRuEns Byviedies ¢ et egrplipation of

based on ACKs BRE MACKS hrofrB&siB] td Rl1GakQdeNOLdSoprBcdiRAY! %g&? 1& Yhore

determ ne whether to resend the multiple codewords or to sen new
codewor ds baBRIORsACOsNES i eaaiuaetionCKth WPEP rerei arny athevsheh eonfigBration.

mil (1l e codbaerts. Tand e 2bdey s B shet ettt TRt e

720 to send disdlosiozlenendsyite cabodied dercet KGK hnslwiaeg @1 a/edtwiany mbihde executed

mul tiple codgwords. [0073] The nodul es i |GS. 5 and 7 conpri se.,
processors, 335?%?14%5“ Vi %Oélé%?n lgflcﬂ{éﬂee vi cAe§‘,’afﬂ‘éqr%@fr$ﬁlr‘?irB reside in
conponents, RAYI efinoey, rftadh tnfemofp NROME e 8f, (BFRRICBV GRSy, EEPROM fiemory,
codes, etc., or anﬁ cor,ngl nation th,ereofRéLOOM] FIG 8 shows a bl ock
di agram of are@EtEryRardrisk. HEgwovably disky R QN oy oshepforma stafpgedhediny
be one of t henasH (86 &k] ARSKENBErARGk00 S cBfind REoMES it

station 110 may ble equi pped_xwly?%r?} aﬁ?enﬁas _81328 througﬁbg}??%%?r gﬁg%ﬁé
120 may be e@aippsesonfaier afrarhesitenend witsdghrasin to.thesteragn medium,
general T 1 0 . i . ] 0CessQr
820 may rec e?{\}ge 51 :ftt Ialtat;vg’r t%g]rsl@}%% q}?rreg rug]tl %Eg %? rn(j:f)t%rrgr%1 %&b%ﬁg%%grs%ré p@fi)?gcebsor
process (e. gand tctuegcamgdinod wlagtredidd e ad dSACT oThe ASHC Wy snde [n ov hsbe

data synbol s_for al Es. .. Transm.t processor {3“20 may al So receive

control infof Fr%%“?lgnll? .eg:‘ll,ter?i%b‘\’ﬁrh‘?k&%esgf’c&n% §)St?rf%‘hf’§§‘“m may reside as

control | er/ piges somp&idtss iph Qe sSmiag¢ control information, and

provi de cont[\'% synbols. Transmt processor 820 may al so generate
0083] In one or more exemplary designs, the finctions described may be
implemented in hardware, software, firmware, or any combination thereof. If

implemented in software, the functions may be stored on or transmitted over as one or



from base station 110. Each antenna 852 may provide a received signal
to an associ ated denodul at or (DEMOD) 854. Each denodul at or 854 may
condi tion (weo@es/dikd er, anplify, downconvert, and di gi big&%2dob/Su3087
received signal to obtain input sanples @nd nay further process ‘}Ple

i nput sanples (e.g., for OFDM to obtain received synbols. A MM
detector 856 may perform M MO detection on the received synbols from
al | R denpduf#fohsirgsions phewsiggh Bsanpderdreptable dedidat Eomputesieatiblsmedia

recei ve proc g _ ' . and degode) th
et oot ed” sy gl as BB RN R ERTnidhe Sha osPRERARN PR PERE v o
and provi de thet&dddatesominster of nfoompater progtam &roaooder hdeetn/ abHEES SO Gtorage
870. WO 2008{%%57?%16[?%/ Jag,aslggggl 043 8{ 1 e1097ze]dAI%r HE 12?, daé[eaorfsrgcri?ti
a data source nd CONt Tor 5 ATGE Mat FOPEECYSS? Buhrret! BERe p

i nf or mat i on) pépose @onute] | By May afesenpleB4R RBY 1iARatRINY GRHS & RYerBeadable
transmt pr ocessor 880 a rocessor 882 (if

n {Yf oded b¥ a MM ] )

appl i cabl e) 16 %ﬁﬁ%icﬂmﬁi%?ﬁ%g : SEPROM drR-R @M s i taptigal ghiskestorage,
through 8541 RBYBRKEESade Jhe® WaRHLt -

SC-FDM) to obtain R out pilj sarri)l e agt r %ﬁ%ﬂ%&ﬁ%}%%ﬁ ﬁtehrgr Iélggrillgﬁlttngncan
the output sherpicd (& earpprstare desiedprpeRmupddereans gt Sormvdfiiottruntiyns e data
transmtted wi r r.. At base station 110
the uplink s%ﬁ%ﬁ?ﬁgﬁmﬁf@ %gégﬁg%dg)gg?%%gfa\lfgam%e A PEHRIPs5 gombuter,
t hrough 832t ¢or ¢gnutiralimiedc andpgidpesssd ployestatnAlsbabnr sond3Qidntik pedi@tly
and & recei vieTi: BEBF DY Pl cForaE b S Mgt by BTsited flom a
i nformation eetteyrdds ok her REEGE YOUrEY @ERES 0baxB BaBIRYIHRE Qf!ﬂidj&bﬁ?%ﬁlt%ﬂl

data to a data sink 839 and pr vsiége decoded control information to
cont rol | er/ pP¥ S48} subsgibey b’@?&j] n?TrBIreles dhpolesiss Bich ag stfraery gty and
may direct tRQOPREAtHANNALoHAN CabledtibONopkikO i i
respectively. I13r oc_gssoer 8400and/ gr _otlherolf)tr o%agggé‘&gtegﬁ%“hgds&l’ s “élfeless
base stati ontctmlagiss syel foinfiased, didie cnd prigregse 460inchd& @ thd definitidatod
transm ssi on he; ' 00 | I for . ,
transm ssion .gﬁu%lhglég% @lﬁﬁkg%ﬁ(gﬁ grre %b?%gﬁeé;?%c%agts%lgc 1(@?} ?ar.?gr disc, optical
t echni ques désrdigied vheatde nliscRTHER) SappB4iskand/ bio-rof HBE Wieas §5500Sually
may bundl e ACKrsO ar}_:d d'e\#A‘CKS faor @gta tlr a&srri ssion on, the uPI i nk.
Processor 8707 S0 I’i‘éalgn‘%% sSBls G Agieduse date ptieally nith lasers.

perform or dCombihatneagsiie 406vd shduldGalsé bk Ohcld@dd@withANHB BSHOBF SIS
downl i nk, proc(f%@égoo in FIG 6 for data transm ssion on the uplink,

and/ or ot her™ €& for the techni gues descri bed herein. Processor
870 and/ or ofghgs] ProREsROISs HBYiPURdSEnATSIoARd | '

transm ssi on on }t.he dogvnl [ n?<. I\/Iélrmri es 842 gnq é%%@ég%ng@%ﬁgygeg%
pr ogr am codeilfegrin Piesist traakic o usel the disdlosiEe.1 YoriowsanpdiGtitives to. thé\disclosure
schedul er 844.ngy egg-&},e f . 1 1 SSsjon _on.the downlink

and/ or uplink and na g@&%&ﬁ%ggg%?@gésﬁtno&? %g%@ﬁggﬁeg@qﬁg}mp Hadtht
[ 0079] Those Igfeis kiay|bei applidtetoantier waribttbny ndinst depettin @ion Mk epibi dpadd
signals may be represented using any.of a vari et f _different

t echnol ogi estgglq%i;c'?’@gﬁni H%ég.{le %’8‘30 %quoé,mtﬁ‘%gfo ¥ﬁg‘f"r‘tﬁétﬂ? g’ﬁse,xamples and
commands, i nfesigrRiéeribeds hgoial but iDitd Be S¥FBQI the WALt GRHRS cdbdRteniTRYH Afe
referenced throu houépé{l{? above descrjption may be represented by

vol t ages, cUtPéRsn FegBRpTbscioscdasieid. magnetic fiel ds or
particles, optical fields or particles, or any conbination thereof

[ 0080] Those of skill would further appreciate that the various

il lustrativd0P®Yi caWHABIRELAIDEEDAS; circuits, and al gorithm steps
described in connection with the WD 2009/ 137646PCT/ US2009/ 043087 20
di scl osure herein may be inplenented as el ectronic hardware, conputer
software, or conbinations of both. To clearly illustrate this

i nterchangeability of hardware and software, various illustrative



i npl emented in hardware, software, firmmvare, or any conbi nation
thereof. If inplenented in software, the functions may be stored on
or transmtted over as one or WD 2009/ 137646PCT/ US2009/ 043087 21
nore instructions or code on a conputer-readabl e medi um

Conput er - r eadabl e nedi a i ncl udes both ®onputer stor age nedia and
comuni cation nedia including any nediumthat facilitates transfer of
a conputer programfrom one place tq @g@% A storage nedia may be
any avail abl e nedia that can be acce y a general purpose or
speci al purpose conmputer. By way of exanple, and not limtation, such
conput er - rteaftita&ﬁtoe(ci@ﬁtauﬂieeeivb@datammiaatesmnmwona@bm, ceEpRIREM  CD- ROM or

ot her optical di sk storage, magnetic disk storage or other nagnetic
st orage devi ces, ny ot her diumth can be used to carry or
store desired ‘6?995@ ﬂ%%@ﬁ@o‘ﬁ’é‘ﬁ%&aﬂ?@ﬁpi‘f’éa&@t@m of instructions or data
struct ures anddetddiag {(41dEire noitplecodeesdsed by a general - pur pose or

speci al - prOS@teﬁfﬁtﬁﬁﬁ’m(ﬁén ackhbuiddg ?ﬂ‘ﬁtﬁ@)‘or Pﬁépdﬂﬂ%&nd@ﬁe Og%pgé%f:(NRdK) B ddword

processor. Al sp on prioper
conput er - r eadal¥ rhé ’ﬂﬂf?ﬁé%h‘ @Q%f’ﬁ'ﬂ' i f the software is transnitted

froma website, ser ermte source using a coaxial cable,
fiber optic ca%‘l“ﬁ” &n’:‘@‘fs@ﬂfj @QKSAOFthgm@qpkeaqde\t@@btg@l}iqin@mdleqA%@fow)wher@}the

wirel ess technttmhcﬂngi\@@nfmm canpriseaiutie benaliled ACKINATK s fammalltiptel sets odemdewerds frrhed mith
the coaxial cajy futplé coRRbrdsOREN HndBAAKRACK oo dﬁﬁ&rﬁq bttaté(m(5P§lhund|éthttmﬁ@he9s§tS
t echnol ogi es sag . !f’ frared, radio, m crowave are 1 nclude

the definition oOf m D|sk_ and di sc as used herein, includes
conpact disc (€mjng (Q%eﬁumttﬂéféi&mffwmlqn@'afpedbﬁ:té@,the ailigle exdeworler sat i | e di sc
(DVD), floppy disk and blu-ray disc where disks usually repr oduce

dat a nmagnet i

data magnet Sﬁ@ tmg%% d@gttﬁm%ﬁ&eﬁlt@m{ %t%\ﬁ‘crtg% AR £k dﬁ@rﬁﬁks%bﬂﬁtﬁ
Comput or - 1 el ALK TR SRR IR SN i ﬂ%@@m oD sy an esjm-
di scl osure |!@eirpﬁwhtdetmktoafgeatletﬁta@gmﬁrydqwémk@uhﬁammmdnkmtrframdae art to
make or use the disclosure. Various nodifications to the discl osure

will ber r| C
pri nci pl < i TeBEPRLE B Al P8Rl o e Ml s B0, BP0
departing frig Sm}%@“espl rit or scope of the disclosure. Thus, the
disclosure is not intended to be limted to the exanpl es and desi gns
descri bed I

TR neof RSN o o A ol e g
| S CLAI MED | “. A nethod (400) of receiving data in a

wirel ess communi cation system conprising: receiving (412) multiple
codewor ds 3§, nThametﬂo@ﬁwg of oaet wndmtnnr@mdimgiﬂ@x@atu mr,Ké tﬁrlﬁé)num odebkds bombies

ot SOOI el S 2 T 2,
t he codewor d¥M NG *&'53% g\ F@(@t@ "'Rlerf’écgﬁ%cgti pl e

codewords to obtain bundl ed ACK i nformatl on, wherein the bundl ed ACK
i nformati o TeMMol @Sl EAK 1, kbl e UAGKIACK ﬁf&lﬁﬁbd\é&ﬁﬂﬁ@sﬁﬁlhdleﬁwtﬁdr p&uﬁdieﬁ RAGK

of codewor ds dewor ds, each bund
ACKI NACK corrfopr#hgwﬁ)gGg&evﬁ?ﬂiﬁw@gﬁ@e%rﬁpﬁ'ﬁundl ed NACK for one set of
codewords; and sending (420) the bundled ACK informati on as feedback

for the multi preeivinyd4iS)varanaisissioR of e meltiptreddivods i{a4@akd NACK isteatforthelnultitdrederds;
the multiple cpgdewords are received in at |east one downlink subframe

e divi S.”3Le%tt@@%@é)&fev?@rﬁ%%rd@ﬁét@mt ol PRepeatiegs " T " 7

downl i nk-uplink configuration having nore downlink subfranes than
uplink subframes. 3. The nethod (400) of claim1l1, wherein the

mul tiple codewords are received in nultiple subfranmes, one codeword
in each subfranme. 4. The nethod (400) of claim1, wherein the



5. The method (400) of claim11, wherein the bundling ACKs and NACKs
for the nultiple codewords conprises generating a bundled ACK if ACKs
are obtained for all of the multiple codewdrds, and generating a
bundl ed NACK if a NACK is obtained for_any one of the nmultiple
codewords. 6. The nethod (400) of cl aitd 1, wherein the bundl ed ACK
information conprises a bundl ed ACK or a bundled NACK for the

mul tiple ceod S t.he ce 422)
retransm ski JROY fﬁ%& Bt G IR b R e
for the nul tPsNEd CO“ WW%”@@?W(W & [ seohny hevafiple colrepiey ¥4 i f a
bundl ed ACK mappirgéais, mp&szﬁ@xmtmmmp@c@w@mmm ¢ bits of e Itundlett AieX infanatindiased
(400) of cl aswaptkdetemtired eappingt he bundl i ng ACKs and NACKs for the

mul ti pl e codewords conpri ses obtaini ng ACK, NACK or di scontinuous

transm ssigon
ACKS. NACKés) Th@@éﬁg}% c]a?l?‘F r@fﬂh tﬂﬁﬁlil 118§:ih Cﬁsaﬁ Jrﬂ?%@gﬂde@@&@ rﬂﬂ%{es
the bundl ed K@ fighu g@éﬁcr@ﬂ %f‘%?"’é‘}é@%s Fhsdne i e coggwor
met hod (400) NeELEQEMAEL, wherein the bundling (418) the ACKs and
NACKs for the nmultiple codewords conprises determ ning the bundled
ACK/ NACK' f®r The mettivd sied) ofalbim ¢ aetrsn@mpisingpased on ACKs and NACKs for the
codewords in the set of codewords. 9. The nethod (400) of claim1,

further conpri i f codewords
For whi ch a buptit B REER '%oﬂgchaﬁ%f«gﬂg ﬂ@%hﬁgmﬁ%@@w
codewor ds for BEVRILEY sebyf C@WB’BWF@? Qb pOUGIRTISIPT WRICh Py K Bkl | s sent .
10. The nmethod (400) of claim1l, wherein each set of codewords is
recei ved i1 taeetsud bib0) efioeim 1, Mereinfiachag piasdatortis is (cE@@)in drogubitaing. el ess

conmmruni cation, conprising: neans (512) for receiving nultiple

codewor ds §4n e .(514) for decoding the
mul tiple cgdé paégﬁm@%e!e?%?%ﬂ@m m ning an acknow edgenent
(ACK) or a negative acknow edgenent for each codeword based on

decodi ng resul F‘eaﬂﬁ?m)ﬁ%@“ﬁi’%@%'? @dewﬁféﬁwi THI8YLIERE bundl i ng ACKs and
NACKs for the medh(bid)fe dealbiehondile todewall ai n bundl ed ACK i nf or mati on,
wherein the buméhh@(ms)ﬁ@ﬂethrmﬁamfaﬁamo@l@dg AGKS & 3 nétatlvd z!cﬁlb@ed%dﬁiﬂ [NAOK) for gach
ACKs/ NACKs f or M@bgé&n%&%@g{mm s formed with t mul tiple

codeword eac

bundl ed NAGK 1 G 89 é&g % @ﬂéﬁ g“%{aa gaé‘%g@ﬁﬁé"@wma“"”
bundl i ng the AMeEN E'F]HJ“ “f‘?”B?“O“tCPi@”W‘ Ormfipig et o eogewords
means for det eforietith e nusiele @@Wﬂﬂ%@cmd Aftpempsizingla bsgied A&K or @ bitidaldiACls

based on ACKs frde tAlcktewdrd randvheeitiedemefodsndingthd A0Es selACES forthe tletipe toddvords

and means (520ombr@és ne6 e RGmiidng the LinglbandiGALAK fbr@ﬁc%émtcbd@\ﬁbm@%as@ﬁﬁﬂ@i@scahd

for the nultip|ekepds ﬂﬁis @ set %eﬁﬁpg{at us (500) of claim1l
further conpr e|ve

isin \%{‘é sor . c
mul tiple COdew?a&%@ﬂoré@ﬁgjggqnmggﬁ@k @ﬁrg@tpréﬁéeeé%ﬁ% 0&%&5‘@%‘3 CPEF?BOT ltiple
codewords, to determ ne an acknow edgenent (ACK) or a negative
acknowl edgBnBweppdrdlacry) ofcleim 16 &dler woplishgvor d based on decodi ng resul t

for the codewo t@a %{Eéé&b?éoﬁ: ec@\féﬂ;ul e@é@m d&ﬁat@%ﬁn%ﬁdfr@#ﬁb&o A

to obtain bund
i nformation as 0?%’@%’8@%@”@"8@“ e B8 oioee vmf@w.ledgement (NACK}for each code-
word hased on decoding result for the codeword, to bundle ACKs and NACKs for the multiple codewords to

obtain bundled ACK information, and to send the bundled ACK information as feedback for the multiple code-
words.




24 13. A nethod (600) of sending data in a wireless comunication
system conprising: sending (612) nultiple codewords in at |east one
subfranme to a receiver; receiving (614) bundl ed acknow edgenent (ACK)
i nformati on generated by the receiver based on ACKs and negative
acknow edgenments (NACKs) for the mul tl%ﬂe codewords, wherein the
bundl ed ACK information conprises nultiple bundled ACKs/ NACKs f or

mul tiple sgt f. e multiple codewords, each

bundl ed A M@{Qd@bﬂp%@ﬁé ﬁagga"gé’@%%(%Weh&K@ Stem CBURS ed NACK for one

set of codewords; and determ ning (616) whet her to resend the

mul tiple codewspdig 6 m@ﬁtﬁle%%fdﬁ@a/e@,s&ﬂéﬁ%ﬁﬂ%tobﬁ@% on the bundl ed ACK
i nformation. 1ucevpnbdppaliehacknewiddommentiACK) infyestiop gerereled by te iecsiver baserrop ACKsiamig :
at | east one preggiessarwietyendnis (NACKSEHorthe maiipRCodevatds, ivfibke the OEIEMIRC KiBfortntiorddom-

| east one subf gSr@émump@ biRdIEIRCRINAEKs:for rn@mpne Q60 cym&&ymmemh@@mmomm&t

g QCQ | {/gf g(r: Eﬁgb @&@\'&R‘Edﬁu rﬁ%& Difeled AR on9£‘etd?‘$l§e§u
detg'.J erm ne whet g%@@ﬁ o{Rd fﬁo e%?:r%e\/\geﬁ g gﬁewgrvﬂgsgi@ ”}%g\'}\}dl

codewor ds base W’?aﬂ‘@ bundl ed ACK i nformation, wherein the bundl ed
ACK information conprises nultiple bundled ACKs/ NACKs for multiple
sets of codetopmisiuf forwiaess oprtuhicafidnecompuisingi pl e codewor ds, each bundl ed
ACK/ NACK conprising a bundl ed ACK or a bundl ed NACK for one set of

codewords, an dat%@dn@érd&es%dﬂ @nf@ﬁred't@@rﬁ%ul%@od&ﬁo%@ﬁ&%@éﬁ onk SibRRED b Gie b rEc@ve

resend each SeBund?Jdac%% | C )%or deredBpiRd CQ ; Abl?saﬁo‘?}gg% véfﬁ owl-
\?mn?cﬁloasgﬂﬁ d?e %ﬁgﬂﬂe mﬁﬁoie coﬁ%vorg an%%rg i whq Bibep 3 errg ;E,%Qodewords
conprising: a & ”@‘i‘ COFPé”ar %ltE?F opierbudisd A ieimalon hqr bydled, frSnforpatien

cause a conput @fﬂDF{S@ mytipetulpd AR KRACKDer mafirlegpis of epprwon fOmedafitfrf@ mulligesode@ordgnd
13, when executagbundled ACK/NACK comprising a bundled ACK or a bundied NACK for one set of codewords, and wherein

the at least one processor is configured to resend each set of codewords for which a bundled NACK is received,
and {o send a new set of codewords for each set of codewords for which a bundled ACK is recsived.

15. A computer program product, comprising:

a computer readable medium comprising instructions which cause a computer to pericrm a method of any one
of claims 1 to 10 and 13, when executed.



