DYNAM C ASSI GNVENT OF ACK RESOURCE IN A W RELESS COVMUNI CATI ON SYSTEM
The present application clainms priority to provisional U S
Application Serial No. 61/040,609, entitled "Dynam c Schedul i ng of
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i ncorporated herein by reference. BACKGROUND |. Field The present
disclosure relates generally to comujication, and nore specifically
to techniques for assigning resources in a wreless comruni cation
system |1. Background Wrel ess conmunication systens are w dely
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comuni cation_system may include a nunber of Node Bs that can support
communi cat i #¥igPed todhe gsisase kpreql sad msmPHRIMCECR Disferenkenode B nay
comuni cate with a HE on the downlink and uplink. The downlink (or
forward link) refers to the conmunication link fromthe Node B to the
HE, and the uplink (or reverse |iBACK&GROIIND t he comunication |ink
fromthe UE to the Node B. The Node B nmay send a transm ssion of data
to the UE. The UBickhy decode the transmi ssion of data and may send
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on the ACK information. It nay be desirable to efficiently assign ACK
resource tojghe chﬁg%u&!ﬁe to send the ACK information. 2

Wireless communication systems are widely deployed to provide various
communication 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.

A wireless communication system may include a number of Node Bs that can support
communication for a number of user equipments (UEs). A Node B may communicate
with a UE on the downlink and uplink. The downlink {or forward link) refers to the
communication link from the Node B to the UE, and the uplink (or reverse link) refers
to the communication link from the UE to the Node B. The Node B may send a
transmission of data to the UE. The UE may decode the transmission of data and may
send acknowledgement (ACK) information to the Node B. The ACK information may
indicate whether the transmission of data was decoded correctly or in error by the UE.
The Node B may determine whether to send a retransmission of data or a new
transmission of data to the UE based on the ACK information. It may be desirable to

efficiently assign ACK resource to the UE for use to send the ACK information.



SUMVARY Techni ques for dynam cally assigning ACK resource to a UE in
a W reless comuni cation system are descri bed herein. The system may
support dynam ¢ scheduling and sem - persistent scheduling. For
dynam ¢ soWedubiiig3e a schedul i ng nessage nay be used t @CTaN2D09/038656
scheduling information for a single transm ssion of data. For

sem - persi stent scheduling, a scheduling nessage may be used to send
a sem -persistent assignnent for nultiple transm ssions of data In an
aspect, at least one field of a scheduling nessage, which is normally
used to carry scheduling information for dynam c scheduling, may be
re-used to carry an ACK resource assignnent for sem -persistent
scheduling. The at |east one field SE¥MM&ERYIe a new data indicator
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In another design, a UE may receive a first scheduling message carrying scheduling
information for dynamic scheduling and may receive a first transmission of data sent in
accordance with the scheduling information. The UE may send ACK information for
the first transmission of data with first ACK resource associated with a resource used to
send the first scheduling message. The UE may receive a second scheduling message
carrying a semi-persistent assignment for semi-persistent scheduling. The UE may
receive a second transmission of data sent in accordance with the semi-persistent
assignment. The UE may send ACK information for the second transmission of data
with second ACK resource conveyed by the semi-persistent assignment. ACK
resources may thus be conveyed in different manners for dynamic scheduling and semi-
persistent scheduling.

Various aspects and features of the disclosure are described in further detail below.



FIG 2 shows data transm ssion with sem -persistent scheduling. FIGS.
4A and 4B show two scheduling nessages with different formats. FIG 5
shows a processing unit for a scheduling nessage. FIGS. 6 and 7 show
a process vedadooams4appar at us, respectively, for receivi ngCuasa0%0I8656
sem - persistent scheduling. FIGS. 8 and 9 show a process and an
apparatus, respectively, for receiving data with dynam c schedul i ng
and sem -persistent scheduling. FIGS. 10 and 11 show a process and an
apparatus, respectively, for sending data with sem - persi stent
scheduling. FIGS. 12 and 13 show a process and an appar at us,
respectively, for sending data with dynam c schedul i ng and
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FIGS. 12 and 13 show a process and an apparatus, respectively, for sending data with

dynamic scheduling and semi-persistent scheduling.

FIG. 14 shows a block diagram of a Node B and a UE.

DETAILED DESCRIPTION
The techmiques described herein may be used for various wireless communication
systems such as CDMA, TDMA, FDMA, OFDMA, SC-FDMA and other systems. The
terms “system” and “network” are often used interchangeably. A CDMA system may
implement a radio technmology such as Universal Terrestrial Radio Access (UTRA),
cdma2000, etc. UTRA includes Wideband CDMA (WCDMA) and other varjants of
CDMA. ¢dma2000 covers IS-2000, IS-95 and IS-856 standards. A TDMA system may
implement a radio technology such as Global System for Mobile Communications
(GSM). An OFDMA system may implement a radio technology such as Evolved
UTRA (E-UTRA), Ultra Mobile Broadband (UMB), IEEE 802.11 (Wi-Fi), IEEE
802.16 (WiMAX), 1EEE 802.20, Flash-OFDM®, ctc. UTRA and E-UTRA are part of
Universal Mobile Telecommunication System (UMTS). 3GPP Long Term Evolution
(LTE) is an upcoming release of UMTS that uses E-UTRA, which employs OFDMA on
the downlink and SC-FDMA on the uplink, UTRA, E-UTRA, UMTS, LTE and GSM

are described in documents from an organization named “3rd Generation Partnership



4 Project” (3GPP). cdna2000 and UMB are described in docunents from
an organi zation named "3rd Generation Partnership Project 2" (3GPP2).
The techni ques descri bed herein nay be used for the systens and radio
t echnol ogMss208¥HE#8¥ned above as wel | as other systens BnHUZAM(58656
technol ogies. For clarity, certain aspects of the techniques are
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The UE may send the ACK information with ACK resource, which may al so
be referred to as PUCCH resource, ACK channel, etc. The ACK resource
may be associated with radi o resource, code resource (e.g.,

ort hogonaWawgues¥, a reference signal sequence, etc. ?C”HﬁHWWﬁsﬁﬁher
resources used to send ACK information. For exanple, in LTE, the ACK
resource may be given by an ACK i ndex n§1l) PUCCH and may be
associated with (i) a tinme-frequency |ocation (e.g., a resource

bl ock) on which to send ACK information, (ii) a cyclic shift of a
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assi gnment may assign any avail able ACK resource.
channel (PUCCH) in subframe # +Q, where Q may be equal to 2, 4 or some other

value. Q is a subframe offset between the data transmission on the downlink and the
corresponding ACK. transmission on the uplink. The Node B may receive the ACK
information from the UE and may send a retransmission of each transport block
decoded in error.

The UE may send the ACK information with ACK resource, which may also be referred
to as PUCCH resource, ACK channel, etc. The ACK resource may be associated with
radio resource, code resource {e.g., an orthogonal sequence, a reference signal sequence,
etc.), and/or other resources used to send ACK information. For example, in LTE, the
ACK resource may be given by an ACK index n(1) PUCCH and may be associated
with (i) a time-frequency location (e.g., a resource block) on which to send ACK
information, (ii) a cyclic shift of a Zardoff-Chu sequence used for spreading the ACK
information in the frequency domain, and (iii) an orthogonal or Walsh spreading

sequence used for spreading the ACK information in the time domain.



The Node B may send a transmi ssion of one or nore transport bl ocks on
the PDSCH in subfrane t1. The Node B may send the transport bl ock(s)
in one or nore resource bl ocks and in accordance with paraneters
conveyed byorene/1$88H - per si stent assi gnnent. The UE nay PCERSR0R038hS
sem - persi stent assignnent fromthe PDCCH and may process the

transm ssion on the PDSCH i n accordancegwith the sem - persistent

assi gnnent to recover the transport bl ock(s) sent by the Node B. The
UE may generate ACK 7 information for the transport bl ock(s) and nmay

send the ACK infor i in sub + O The ACK informgtion nay be
Sent wich thg AR, BOACR Racined o UG 15 e Bt BT i3

assi gnnent . fdvssem - persi stent scheduling, the sem -persistent

assi gnment may be sent once with the first transm ssion of data and
may be valid for a predetermned tine period or until the

sem - persi st ent #sstugnflent {irsccrevoked. The ACK resource assi gnrreﬁff(l)
woul d be valid for the entire sem -persistent scheduling interval,
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t he schedul igguicd kB icbRRyED by tthabciceh N SMdrestien). The UE may send ACK
information with the ACK resource determined based on the first CCE carrying the
scheduling information.
FIG. 3 shows an exemplary data transmission on the downlink with semi-persistent
scheduling. A Node B may send a semi-persistent assignment or grant on the PDCCH
in subframe #,. The semi-persistent assignment may include various parameters for
transmissions of data on the downlink as well as an ACK resource assignment for the
uplink. In one design, upper layers (e.g., RRC) may configure a set of ACK resources,
and the ACK resource assignment may comprise an index for an ACK resource in the
set of configured ACK resources. In another design, the ACK resource assignment may
assign any available ACK resource.
The Node B may send a transmission of one or more transport blocks on the PDSCH in
subframe #;. The Node B may send the transport block(s) in one or more resource
blocks and in accordance with parameters conveyed by the semi-persistent assignment.
The UE may receive the semi-persistent assignment from the PDCCH and may process
the transmission on the PDSCH in accordance with the semi-persistent assignment to

recover the transport block(s) sent by the Node B. The UE may generate ACK



In an aspect, an ACK resource assignnent for sem -persistent
scheduling may be sent by re-using at |east one existing field of a
schedul i ng nessage. The schedul i ng nessage nay include a nunber of
fields towarwy1ssivedul i ng i nformation for dynam c schedpiusngy03sese
sinmplify operation, the scheduling message may al so be used to send a
sem - persi stent assignnent for seni-per?lstent schedul i ng. At |east
one field normally used to carry scheduling information for dynamc
scheduling may be re-used to carry an ACK resource assignnment for
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The Node B may also send retransmissions of data during the semi-persistent
scheduling period and may send scheduling mformation for each retransmission of data,
e.g., in the same manner as for dynamic scheduling. The UE may send ACK
information for each retransmission of data with the ACK resource associated with the
first CCE carrying the scheduling information for that retransmission.,

In an aspect, an ACK resource assignment for semi-persistent scheduling may be sent
by re-using at least one existing field of a scheduling message. The scheduling message
may include a number of fields to carry scheduling information for dynamic scheduling.
To simplify operation, the scheduling message may also be used to send a semi-
persistent assignment for semi-persistent scheduling. At least one field normally used
to carry scheduling information for dynamic scheduling may be re-used to carry an

ACK resource assignment for semi-persistent scheduling.



Resource bl ock assignnment variable Indicate resource bl ock(s) used to
send a transport bl ock. HARQ process nunber 3 bits Indicate HARQ
process on which the transport block is sent. Mdulation and coding
schene 5 Iwo 2m9/154839 PCT/US2009/038656

Various formats may be defined for the scheduling message and may be applicable for
different operating scenarios. Each format may include a specific set of fields for a set
of parameters for scheduling information,

FIG. 4A shows a scheduling message 410 in accordance with Formats 1 and 1A defined
by LTE. Formats 1 and 1A may be used to schedule transmission of one transport block
on the PDSCH. Message 410 includes a resource block assignment field, an HARQ
process number field, a modulation and coding scheme (MCS) field, a new data
indicator field, a redundancy version field, and a transmit power confrol (TPC)
command field. The redundancy version field and the new data indicator field may be
considered as belonging in a retransmission sequence number field. Message 410 may
also include other fields, which are not shown in FIG. 4A for simplicity.

For HARQ, a number of HARQ processes may be defined. Each HARQ process may
be used to send a new transmission and all retransmissions of a transport block. An
HARQ process may be started for a transport block if the HARQ process is available
and may terminate when the transport block is decoded correctly. The transport block
may be encoded in accordance with an MCS selected for the transport block to obtain a
codeword. The codeword may be partitioned into multiple redundancy versions, and
each redundancy version may contain different encoded information (or code bits) for
the transport block. A Node B may select one redundancy version to send for a
transmission of the transport block.

Table 1 lists the fields of scheduling message 410 and provides a short description for

each field. Table 1 also gives the size of each field in number of bits.

Table 1 — Scheduling Message

Fields Size Description
Resource block . Indicate resource block(s) used to send a transport
. variable
assignment block.
HARQ process 3 bits Indicate HARQ process on which the transport block
number ) is sent.
Modulation and . Indicate modulation scheme and code rate for the
: 5 bits
coding scheme transport block.
New data 1 bit Indicate whether the cuirent transmission is a
indicator retrangmission of the transport block.
Redundancy 2bits | Indicate redundancy version being sent for the




| ndi cat e nodul ati on schene and code rate for the transport bl ock. New
data indicator 1 bit Indicate whether the current transmssion is a
retransm ssion of the transport bl ock. Redundancy 2 bits Indicate

r edundancywees@ilisszdbei ng sent for the WO PCT/US2009/038656
2009/ 154839PCT/ US2009/ 038656 9

version transport block.

Indicate transmit power adjustment for the PUCCH

TPC command 2 bits sent by a recipient UE.

FIG. 4B shows a scheduling message 420 in accordance with Formats 2 and 2A defined
by LTE. Formats 2 and 2A may be used to schedule a transmission of one or two
transport blocks on the PDSCH in a spatial multiplexing mode. Message 420 includes a
resource block assignment field, a TPC command field, an HARQ process number field,
and two sets of fields for two transport blocks. Each set includes an MCS field, a new
data indicator field, and a redundancy version field. Message 420 may also include
other fields, which are not shown in FIG. 4B for simplicity. The fields in message 420
are described in Table 1.

FIGS. 4A and 4B show two formats that may be used for sending scheduling
mformation. Other formats may also be used and may include different fields than
those shown in FIGS. 4A and 4B. For clarity, much of the description below refers to
scheduling messages 410 and 420.

For dynamic scheduling, message 410 or 420 may be used to send scheduling
information for a transmission of data. A suitable scheduling message may be selected
based on whether one or multiple transport blocks are sent and/or other considerations.
For semi-persistent scheduling, message 410 or 420 may be used to send a semi-
persistent assignment with the first transmission of data. At least one ficld of message
410 or 420 may be used to send an ACK resource assignment. In general, any field(s)
may be used to send the ACK resource assignment. However, it may be desirable to
select a field that is not relevant (or not as relevant) for semi-persistent scheduling. For
example, a field that may be less applicable for the first transmission of data and/or may
have little adverse effect on performance may be selected. The number of fields to
sclect may be dependent on the number of bits needed to send the ACK resource
assignment.

In one design, an ACK resource assignment may be sent in the new data indicator field,
the redundancy version field, and the TPC command field. In the design shown in
FIGS. 4A and 4B, five bits are available for these three fields. Up to 32 ACK resources
may be configured or defined and assigned indices of 0 to 31. The configured ACK
resources may be broadcast to the UEs or known a priori by the UEs. A 5-bit ACK
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In yet another design, an ACK resource assignment may be sent using two bits in the
new data indicator field and the redundancy version ficld, one bit in the TPC command
field, and three bits in the MCS field. Up to 64 ACK resources may be configured with
the six bits i the four fields. A 6-bit ACK resource index for one of up to 64
confignred ACK resources may be sent using the six bits in the four fields to a UE.

In yet another design, an ACK resource assignment may be sent in the TPC command
field. Two bits are available in the TPC command field. Hence, up to four ACK
resources may be configured and assigned indices of 0 to 3. A 2-bit ACK resource
index for one of up to four configured ACK resources may be sent in the TPC command
field to a UE.

In general, any combination of fields and/or bits may be used to send an ACK resource
assignment for semi-persistent scheduling. If N bits are available to send the ACK

resource assignment, then up to 2% ACK resources may be configured (e.g., by RRC)
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configured fetngt C- WTRR@)thatL[E Each UE that has semi-persistent scheduling enabled may
also detect for scheduling messages with the semi-persistent C-RNTI for that UE.
In one design, unused fields and/or unused bits in a scheduling message for semi-
persistent scheduling may be set to designated values. For example, the new data
indicator field, the HARQ process number field, and the redundancy version field of the
scheduling message may be set to designated values of all zeros for semi-persistent
scheduling. The designated values may be used by a recipient UE to validate the
scheduling message as being for semi-persistent scheduling for that UE (instead of
dynamic scheduling for another UE).
FIG. 5 shows a block diagram of a design of a processing unit 500 for generating and
processing a scheduling message for semi-persistent scheduling. Within processing unit
500, a mapper 510 may receive a semi-persistent assignment comprising semi-persistent
scheduling information (e.g., a resource block assignment, an MCS, etc.) and an ACK

resource assignment for a UE. Mapper 510 may map the ACK resource assignment to
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val i for a P RrEEEPaRGLs i B o0 TRMSFT A Tae T8 e sithy ! 405k
receive a s e@m@ns&b@dmkmn@hmmgﬁpleaﬁﬁsymmzﬁ o$ €#th fREISE S @bdule 714 to
assignment for multiple transnissions of data wth sem -persistent

schedul i ng CBIRECK BBpmentRf AEK ggowrEclIndhe sSERCHESEN ARdsARST.ofiththe

data sent i (gCrR6FEEIMEBnES (BETE f&qhéhﬁit% nﬁé&ﬁﬁ’%ﬁ?@f‘da@h%&ﬂme
820). The D E nay send second ACK i nformation for the second

transni ssi oflofto dagsdvonk tirangmiseint KiCkis seBuincescenaneywith ihe tshimi-persistent

seni - per si S%gsgé?n%ﬁ?'a%%% dat&e%er%ﬁ‘@ACﬁhﬁfo%%ioWr &%ﬁﬁa %/lﬁleSSIOH of data,

addi ti onal sm Ssi ons o in accordance w
sem - per si st madsle §Adrendend Teed UK infaynasien dvih@he AGKaresoatdeon for these

addi ti onal ssions. of .data w the s ACK resource,, whic

may be val i §1P08 S Grienior § e Suol & e ReR i po o o B

desi gn, thesdJ-paayistoidt @hetulifg.i MdesesOB00 heiySBE padorAeK tyes OB ¢& ddsampdat
below) or by some other entity. The UE may receive a first scheduling message

carrying scheduling information for a single transmission of data with dynamic



In one design, the UE may detect for the first scheduling nessage
based on a first C ANTlI assigned to the DIE. The UE may detect for

t he second schedul i ng nessage based on a second C-RNTI assigned to
the UE forw@ewmbAp8tsi stent schedul ing. The UE may al soPA@tUS2a0/088656
whet her a scheduling nmessage is for dynam c scheduling or

sem - persi stent scheduling based on othF{ mechani sns, e.g., different
scranbling, a special bit in the scheduling nessage, etc. In one
design, the UE may obtain a first MCS value fromthe first scheduling

message and o] St LRSS Ssi 9 data in
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obtain a secqn va romthe second sc | nessage .a
process t he HYEBHAR fATAAS HISS P istoncR 4ty ‘ﬁlﬂég 3&%%%@ urqfsasgwce%ecf i
second MCS vabu€e (¢ %TGa eeEP DekdVESendaths BirBOheBRIRNReged bﬁ@l@@ﬂﬂ The first
plurality of MCS val ues applicable for sem -persi stent schedul i ng.
The second |6~IGJ‘¥ Esource By Mo liddpi asingla (ragseigsianed A miemation.r st

plurality o t Rme
fewer bits Ir an the y;‘??%tr«?é%%g 03 &ﬁ&%&_ﬁé}\(@ \sﬁﬁécs)\%gegaﬁegggn éc#l %@ﬁglgent
appar at us 98gignorent ﬁn'enwlhpﬂg MExalssmnsaoW:late Ivéﬂasseudmmts'temasd:tmdulﬁggstbmm
Apparatus 9 t schedul i

o ange car PyPhg e i VAT sstns Iiwepions St P iea In ShaRit i o
data, a nDdsdrei-@idstén asstg@ione(bdockisee}. IHeEUEmayT Sérdsend GACIQ irf@iitativh for
accor dance th the scheduling . infarmatio a_nodul e 916 to_send .
first ACK i HFotHeihd Hﬁn%%ﬁqnh%fg fath it pegh FroBice FARYEYRR OF the Seni-

ACK resour Cﬁe@ﬁ&ﬁ@dsﬁ%ﬁﬂeﬂ%‘(ﬁlﬂc@%ﬁs PHE CE Iﬁ‘a%zer@cé\% a?i@ﬂfénﬁlhﬁn&usﬁ&ns of data
schedul i ng message, a nodul e 918 to receive a second schedul i ng
message cangdmign Aceuincgevish dhe AemizRessigenterssighoentnullhe plfe may send ACK
transm ssi Oﬂffm?x{ahgﬁ“f&’ th@se%“ oﬁalgtﬁa%sﬁ%sﬁﬁsc gf I YiRGHO E'Q:DM %ﬁ{@e%ﬁﬁrg@
of data sent 1 n accordance wt - persi stent assi a
nmodul e 922 tvbichamay batabchcﬂorm{npintrammmcﬁm ofeuCKt ilnﬁ)rsaet:annd transm ssi on

of data vm't sec nd A sour .convey ersi st ent

assi gnnent . gcftgns %‘g\/\%f énaéfe adl?'la%fn f @{esscgorf%‘ggkflp§ous@n%‘?lﬂﬁt [f4tta
with seni- p%éﬁ&lﬂ@ﬂﬁihe&ﬁbtﬁﬁ@chdﬁ@hné’ﬁﬁ&@@@ Msﬂiﬁw seeoriethdli IR mbysages
Node B (as descri bed beI?w or by sonme other entity. The Node B nay
assi gn ACK PE¥Sgyeiesyme fogmat (Gre-asshope s &t ddy org éHlﬁlFff‘?ﬁEPt(fW&(eg»
1012). The hbgdRwR iBIGS aRtard 4B5Mrh &;“era&eﬁﬁl%{gtm@s‘i%egﬁﬁ‘;rﬁd&ﬁ%ét%a@&me
the ACK resource to the UE (bl ock 1014). The sem - persi stent

assi gnnent feld dd ensl rdmpesr adifiqnah fields.r éfrhsrﬁtslsasbnge dlddeen carrhen AGRK
resource nma

Gata The Noaauee RRLORELGh el Shih By el L e ARIELESRANS, R
the sem - pedsmemuesuhednﬂmggnrrent to the HE (block 1016). The Node B may
recei ve ACK,informatiqgn r the, t si o dat a, th

0t or mat § onbarn N v Gl PR ARt Al dhRut it 8 Gy
The Node B mls@ﬁ@eaddthtalumaTheImBﬂemdeebﬂasmefqemaaoﬁeaulafgcmés ®@scd
with the sem -persistent assignnment. The Nod receive A

i nf or mat i on°® grsceandLeRAtdisssigeAto ﬁheaﬁgrfpsmwsrsefe sehgdding; e Adi may
resource. | Ris@NRtcGfteIRhGherbh %@lﬁ‘edﬁ%m@sﬁ e NOUS: Byl rgeedﬂﬁng B &¥mef

the ACK resource assigned to the o at | east one field of
schedul i ng Besisegeschyfdingtbapadaet obereme¢henigmpmeg/e.i ﬁlcffez:ﬂnéserarangdatsaecml

i ndi cator fiegl sion field, an MCS field, a TPC
R

command fie The Node B may nmap renai ning
i nf or mat i onIf ome dekignt the @may btagi $ﬁe,nMCéssalgmfmmtth¢ first ecidwiinggnessage

fields and bits of the [in .. I'n one desij th de B
s or oanas 2id Beg oS e ARG Ben s TR SR i e St o r e At L Ui
sem - per si straatirgcesudiRgmayhe deder B mayplakiy dMIICSAVAudshaiplitdte for

dynamic scheduling. The UE may obtain a second MCS value from the second

scheduling message and may process the second transmission of data in accordance



In one design, for LTE, the Node B nay send the sem -persistent
assignment on the PDCCH and may send the transm ssion of data on the
PDSCH. The ACK resource nay be for the PUCCH The Node B nay al so
send t he SEa20098848B%t ent assi gnnment and t he transnm ssi GETAfS2E0ZB6THN
ot her downl i nk channel s and may receive ACK i nformation on ot her
uplink channels. FIG 11 shows a designy¢f an apparatus 1100 for
sending data in a wireless communication system Apparatus 1100

i ncludes a nodul e 1112 to assign ACK resource to a UE, a nodule 1114
to send a sej.- [ | ghnent. c i.sing. t ACK resource t
the TIE, "t neTednE b s AR, SNEHaR0ORS BMIablth fisoriRpGub
transm ssi oS MIIS ddiied applivabR@ seas @ursenbsaihagnliags Tye ectohd plubuityldEMCST

the nultiple transm ssions of data, a nodule 1116 to send a

Lr anam st ofaFs WA BS F1ea e ae FELD WA PHUCSSRSpend s waend MCS value
assi gnment  tiythl QeddiithadderbiliRehaltBe AddBidsosangcei ve ACK information
for the transni ssion of data, the ACK information being sent by the

UE with t heFRBK % 6ot e desigrg of 150 sppaiatue Whs fynreseiviep fye eigs a 1@geless

for sending j, & i C lilﬁ.g# &E&gs 1 -her §i :
schedul i ng. C%@%@%@%Mlhz E%n?y %@&per 29%& ysa'?[3 Oélg%Bgi(zzg&Eecs%vﬁ eﬁ ot
bel ow) or byclednngonéseageanatriying schbdelindpid rBameyfos @ suigledraastuSsian bf dasd, a

schedul i ng sag rrying scheduling i.nfor, ion for a sjngle.

Cransmi ol ol GREkE Y b¥eie FRSS bt FraPii oM dboRleey Svtn the
t L anfJ E ?E : O(f(m%l?? 'ﬁlfci_al_rﬁ‘laﬁﬁig,gi d@de B 9id o tael fﬁgfshe@tEKAgzg)_rm?ﬁ@r fm_tthé)rf;rtto
t he oc : e y receive first, i nformation for
the first t F&P&?ﬁ%@ ﬁﬁ&%ﬁ@?@rﬁ%@ IACHed ROl ¢ TP HRIEO P 1581 His

sent by the ff sieliflirg hsba A MHEHO VIR B&IRA RE&M hdduli &%%Q%H &frying
the f 1216).

(e.g., a CCE) used to sen irst scheduling nessage (bl oc

The first AGKSPERGEMER aygnrpent filmetiple rapsnypyigyiset datarrsmpaus 820 tofreertie
i nformati on, (TG NAdEmRsiBRYs 368 %ehiOn dGoridncd v\?ﬁﬁggg%ﬁﬁgﬁéﬁg%{%t{t%gsignmem,

message carrying a sem - persistent assignnen
transm ssi onsd afncdaledd2Ld omid se¢@h8)A CR foixoadion Bomthy sechild semtissicatalat

transm ssion ﬁ){ dat % Ig accordan(_:e_d\_it/}iﬁftt _the sem - E)ersi stent

assi gnnent O (t FBRYCT STFY N NSEE PSP PEERMR" second ACK
i nformati onFiGl 10hgosecodekigt aNThstsON 000 fdatsendivg Uhtat Nigh SeaPpdsidei
i nformation hei sent by h@f} UE with second ACK resohlr ce conveyed by
the seni - perSiedpidiy HeessyARhbay bF ge orwé%v,ahqﬂ%e Rdapdascrbd belayy or by

addi tional L5R08iKssitANS TRE Ndas & Ihf;y AGRLAr JeR oMt o LNEE for semi-persistent
sem - persi st ent ass:(bglnrrent. The Node B may receive ACK i nformation

for these adeicdulingaldleglarn§id)ssiBes Nofle Ratmapsentha sepiopedsite assignment

resource, i . i [y tr, }.SS1.01 .

|t ormati omofipi Y A dulop fo HHIGE Bk IR RSBl sianment
of the secomthyA€Kaliéfwumndtple danimibsastof dae. fThe AQCKofestire: mecbnabsigned to

schedul i n e..The. first and. second schedul, i Mess s may. hav

She sam P ol Bt RRIRLS FofPRibE SERTe b Rt BRSTRar dRtn Thbio

field and omdeadh aBEyréanaél&ithi thedbmipe@bisiont abkignraént lve @st UBNBlobk ab th)Mephe
carry an ACK resource index for sem -persistent schedulin

and ma
carry schedtNoURd PRYOERAYS 61 drformatianifer densanmissign qfrﬂa&%émﬁbﬁweg%?K

the Node B maymiieh @eme(Lniby the URIHhEr& ACRC&Qrte 6L 1018)._The Node B
schedul i ng nmessage V\ntﬁ a fi'rst CG-RNTlI assigned to the UE." The Node B

may process Madjesesd casidiiioseh dgnanissiipnyeefs daje i achordansecwiill to: RMMi-persistent
assigned to, the TIE f } - Rer.si st S } e .
al so i ndi caf %a%’%l Eer ?ge :@ﬁ%dﬁiﬁé é&é@ggg\ﬁg% %?Ig%%)%a%&gq%g%e%gﬁo%l
or sem - per siasdnesdiorsefidatabn g A eekoorveot her nmechani sns. I n one

design, the.Node B.m | ec first value froma firs

ol ur oy, ofh RS 45sit 56 BIRsE Toa B "ok iy miES coriBi iy AR TReseses

may process atdigell itd Sie UE an@meBso@fidd oflabehetiilindGEQEARN TR W tehstlohe field
may include a new data indicator field, a redundancy version field, an MCS field, a TPC

command field, and/or other fields. The Node B may map remaining information for



FIG 13 shows a design of an apparatus 1300 for sending data in a

wi rel ess conmmuni cati on system Apparatus 1300 includes a nodule 1312
to send to a TIE a first scheduling nmessage carrying scheduling

i nf or mat i oWOREW/134839 ngl e transm ssion of data, a nodul ecT@®%Zop/s8snd
a first transm ssion of data in accordance with the scheduling
information to the TIE, a nodule 1316 tg receive first ACK
infolination for the first transm ssion of data on first ACK resource
associated with a resource used to send the 18 first scheduling
message, a p[odule 131 nd t he UE ec sehedu] | message
Carrying oSG ol fonB0b R il R RE Hte 3 PR Al ERESERE
data, a nodid end 3&isnt, thesSHodk B @&C pradeds rthd sehicdslingnmedkagtabaded Bn a C-RNTI
accordance with the sem -persistent assignnent to the TIE, and a .
Todul e 1322915 PeRa R A ARE o NAAEFOR2Y 8R0 i eeBhe schoduing
transm ssi Ofegdagdld for AOMEFEOBENALK BB WabR &paﬁaeyﬁl@ctﬁmfﬁlrﬁ.e The Node B

sem - persi stent assignnment. The nodules in FIGS. 7 and 13 may

conprise prBEEsewYthe Shpddlingangseage deiiedds, Tlﬁ’aiichw_éﬁéé gessaeemay also be used
el ectroni CS&F&H@Q&%@&I&g ihi%ﬁh&ﬂ;lnr%f %%Ecss’chr%?ﬁﬂ?%' es, software codes,
es, etc y conbi na ere

firmvare co , ., Or an tront f. The techni ques
descri bed hér enchdesegn, dbrl BTHEfthe Nekde iR iremtsemd tiegamipersibfentAGiKi gnesotusic the

mmy Do aseot PSR TR et dtrrgRigt SERTER R Hin AR SRS
be conveni ebt iy tBsBUGOEM The Nk Bvniahalb seidthe sembpaeetbdti addigdment and the
si gnal i ng over head. en each transm ssion of data

Thjs is possibl.e )
on the stcﬁa?Sgl@&%e%gq AP W@&W@H’ﬁ\ﬁ?ﬁ?@eiﬁ AP MU PSS TATRetien on

PDCCH. For g@it oRkshalneR! scheduling, a sem -persistent assignment
may be sent _once on the PDCCH with the first transm ssion of data,
and no sche&&Gi dd phovor redasten aaynbeprgehs 1HI dubswdingndatpeiy a wireless

transn ssi opg,QfnARid: 5 sfén{.hi%mﬁg%&élidbehﬁ msgualﬁssllﬁgrte;{ggg? ACK

subsequent new transm Ssi ons cannot be assoclate
CCEs carryi ngogchédallifng meduby hHldi torsemha semiypdrastprtawsigietend gotdsing the

sem - persi st assi gnnent ,..as_descr.i bed, above. The .t echni gues :

doscr | bed neer ARMEEPT B Uit SR GIb R I ABL-PEo B BE myfile
sem - per si strammissidie difl dang this ATK kayeice bebikgRabhdigtos@ptUR ol iR MEHE,
as descri bed abave. T?ﬁ techni]gues may be nore efficient. (in terns of
over head) t HARTHENNYSf Afasomofps Lt losend p trapymissioy &f detadRacer fge Mithg

using Layer (3 t&nilhersidfe) astioBaht B0 thel N, t &ENRT QUGS MAY S abSRbGe MRER
efficient (in terns of resodrce usgge) than statically assigning each
active UE winfpromgrn desihatwestigrios efidatpeihsi ACK infosnimd icinggsenFbyGthel WE

shows a blo qf design of a Node B 110 and a UE 120, which
%&h . : .
may be one o t%egﬂﬁggg&ggéand one of the UEs in FIG 1. In this

desi gn, Nod&I8. 12 6hdves ®desigmpefta wiocess Tl 260 faneading 43davitthdyuglic dchdddling
and TIE 120 _i s _equi d with antennas 2a_through 1452r B]\/\/ﬂgrein
general T 1 a’é‘iae 'I?Le%%?m I\Tt?b%dugn&l R r%‘itg WY S5 %%%%:%‘84 1A BOfP (o
recei ve dat dedceib@ belbwnns pordon! @B&SIntipr ToBeNQk BUha t4pd thro0mRa datia
source 1412, process the data for each UE based on one or |
scheduling message carrying scheduling information for a single transmission of data
(block 1212). The Node B may send a first transmission of data in accordance with the
scheduling information to the UE (block 1214). The Node B may receive first ACK
information for the first transmission of data, with the first ACK information being sent
by the UE with first ACK resource associated with a resource (e.g., 2 CCE) used to send
the first scheduling message (block 1216). The first ACK resource may be valid for a
single transmission of ACK information.

The Node B may send to the UE a second scheduling message carrying a semi-

persistent assignment for multiple transmissions of data (block 1218). The Node B may



19 nore MCS values for that UE, and provide data synbols for all UEs.
Transmt processor 1420 may al so process control information (e.g.,
schedul i ng nessages for dynam c schedul i ng and sem - persi stent
schedul i ngYyO Re0B3483%control | er/ processor 1440 and provPE&USHN/PIEHS6
synbols. Atransmt (TX) nultiple-input multiple-output (MM
processor 1430 may nultiplex the data sybols, the control synbols,
and/or pilot synbols. TX M MO processor 1430 may perform spati al
processing (e.g., precoding) on the nultiplexed synmbols, if

appl i cabl e, i . >

oPPLL o2t o, <A BEAM T UL B M ROl A BEE BN Rk IR LG et
respective mat[ml(blmkmtmm skireédode (Bemgy rectioe sﬁMCﬁ(oinﬁ:inmam ﬁmtimw’eqmmﬂ

sanpl e stream Each | at or 1432 Y, cess

o anal o9, - IRBFTRPD 71 e it i sseBmas yrbiie B e wafl abe ER0HS

to obtain asseunAcK rab@datonvEysiomntheRkmbhesislent dskighmemdbloak 0232)14%ea
t hrough 1432t n%¥ be transnltted via T antennas 1434a through 1434t ,
respect i vel JodneB mray1 sepd agsitionab fransmsdonshelotgh mamoprdiey W b dhg semhe
downl i nk s' Q?lsb%mf 4 Qi%}ul}}&ﬂe ﬁe%e@%a??&‘éiv@%@@%ﬁﬁ%oﬁ'm&ﬁ ddBitional
denodul at or 1454a through 1454r, respectively

denodul at or tradsxssimy ofatati et the seeond. ACKi fesamirce, avhpihi gy be gl smvisvitiple
and digitiz ed signal to obtain input sanples.
Each dennduﬁ%?ﬁmgﬁigi?%g¥? ?§%%¥ process the input sanples (e.g.,

for OFDVM t n olxtdekign bEbleth &l 8stheiNalds B rAayMnbfirdetiectithe doébifil MBI rodatiaden
recei ved synbols fro | .R denodul. at QLS 1454a h 1454r rform
M ND det ect ROt Lot Dol ey Erony BQ e metits RBIEs af b ofige e
detected symRelages May BHRI HE sRIOERBSO6r diffeRnNRYmRNE Q6E Sy (ifcl@de the at least
denodul ate, deinterleave, and decode) the detected s ol s, provide

decoded dat an¢ §¢ldygmd ppe of gmoze erisitiong| figlds 4 atdgpst BF%éFléén%’e@é‘Hé’é} ACK
control inf hEhRAOEE 8 Phay #8F 08 4 %ft
UE 120, dat gésgﬁr(g%nggae;[ g%rgselglggérglg&l%Z&gndg cont ?%I i nsi‘c(%Cti r‘rle{tfg(l)nma n 6t
ACK i nf or rratdvmmwecttcdl)hnfgr om control |l er/processor 1480 may be
processed b ans ssor 1464 reco

processor X%gnc gcs%’p Ica d(fg%maﬁﬁao 1% ?imqr?% u?xggfro;s%&yg%g) S‘%hﬁ(ri%lhn
1454r, and uicasagaiitheditoC N agblgﬂfﬂ to /@Hie Uﬁdé“ hBNLAO B thinepropdsk e 5econd
Si gnal s fromU 5 120 may be .recei veg/I termasd 14%@ Pﬁogdl tioned b
denodul at or SHEFENE FrEeesEg pHyesen t BEEBT 14 ppFTERppEent
and further sgHeag@5s edhbYNster BCﬁhy%isﬂrﬁﬁféﬁt%%helﬂéiSa ts@neam@,l thebdage data
and control information transmtted by LIE 120.

Control | er sﬂm@@w@@ﬁ@hweewrwg@ sehggluling kaeed %@th%@qcaemw at Node
B 110 and U MEAB0. Iy BPErality of M
processors %}é@dﬁﬁegﬁﬁé%ﬁ&z ﬁgﬁgﬁ ormoarh‘?é(;J?Hr)ﬂelctf?[rgr@i':weas1 %OOCS
FIG 6, procelsss %ﬂlqahleFf@ dgiamah dtimdubingher Thy Obele SBsmpprpro¢ess the first
t echni ques cr.i bed in. Proc ssar, 1 r het . pr [
and moaul o "SLTRBAS: o 0 e ERT Srfh o ar MERY Voo bR iR SR
10, process sdcda0 M8 Hite frd.tﬁ 2 %ad.‘iﬁhﬁ(plurﬂtth ef MirSoeshgs applicable fdraemi-persistent
techni ques described herein, Transmt processor 1420 | enent
processi ng dfAUiEED The Rpes Bomeq/Biordbe s Qe n‘%?/atg?“o?“éoﬂié’tl%
and progr amya@dRs sdetid Mess aBiel e 88tdnd bleralidPof VMIESRARIES MBY Ye fofver than the
schedul er 1444 may schedul e UEs for downlink and/or uplink

t r ansni ssmrﬂfﬁrﬁ’é}lrﬁﬁy opM&A Waicassi gnment s of resour ces (e g , ACK
resources) f t u U f I u

under st and tlﬁgt ﬁﬁ#@éﬁ:tql !(i)nggaltln SI ga%%s n%mﬁ ef!r)resglgté 3 ﬁl\évigngqglﬁ@s
of a variet ycomhludlchﬂi@rmlterrm e@mothughﬁ@ imhdes e olvdiigués? tOFaBnd éwaﬂﬁladirbt
data, instructi,ons

and-ehi pe. ¢ HALIREDE BESTET ar Tne s ChPBL S et PRP s diels tumPYBY Bhfima
be representggdiuly1didl bages a Gur remhdssicdl edato imgoetdaacaveitdsthe Relgaelinge

information to the UE, a module 1316 to receive first ACK information for the first

transmission of data on first ACK resource associated with a resource used to send the



21 thereof designed to performthe functions described herein. A
gener al - pur pose processor may be a m croprocessor, but in the
alternative, the processor may be any conventional processor,

control | eyopiognsE8¥ntrol l er, or state nmachi ne. A procegf€6USINY03EB0
be i npl enented as a conbi nati on of conputing devices, e.g., a

conbi nation of a DSP and a m croprocessgr, a plurality of

M Cr opr ocessors, one Oor nbre m croprocessors in conjunction with a
DSP core, or any other such configuration. The steps of a method or
algorithmd nec h

crbodi ed o FBCpyRireuSGRaREb A 315 it AhRTEE B d Bl s e
processor, edrryiny ase@mrﬁersimm emgnfnehhbr trmmptebtramﬁttsmneomm laengumle 1320
reside in RAM flash ne nor PROM nmeno EEPROVI
ronory, | f eql BT & S (T UROLO D ABCEAFSR It JeCBIRERPIGH srgamen
other form gf st ORAGR] BRHIIIE KB tdielvBQednt- ACR eﬁmlﬁr YorSthese@fd
medi um i s coupl ed to the processor such that the processor can read

i nf or mat i ontriRsgr§sionn @f et en scerdet¢lonreseyrey weney et diye thee seroinperyisient
the alter naggsgelm hhe storage nmedium nay be integral to the processor.
The processor ang the storage medium may reside in an ASIC. The ASIC
may resi de The modsles it EKMS.AAI9, 11 and N8 redyt emmaist weqcesshes, plecitessotevang

t he storage di i S t onents in.a user

e ool O TR R, SR e B S et ATRRAN Rerhiel. 48y spdg
may be i rrpl amentedodds, &tag dV@leQomBimﬁﬁMﬁtﬁla;eoﬁi rmavare, or any

conbi nati on her nt ed | sof.t t he funct] may be
stored on of ?F‘?iﬁ@ﬁt’ﬁistdeﬁc%‘gge&@ ALl g eyerTaIael QLR BN
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At Node B 110, a transmit processor 1420 may receive data (e.g., transport blocks) for

one or more UEs from a data source 1412, process the data for each UE based on one or



1. A nethod for wireless comruni cation, conprising: receiving
a sem -persistent assignnent for a user equipnent (UE), the

sem - persi stent assignnent being valid for nultiple transm ssions of
dat a; WO 2@t13d83 ng an assi gnnment of acknow edgenentPCTASRN/038656
resource fromthe sem -persistent assignnent, the ACK resource being
assigned to the UE for the nultiple trapsm ssions of data;

receiving a transm ssion of data sent in accordance with the

sem - persi stent assignment; determ ning ACK information for the

g e
assi gnnent  efocdsr 140ty @lsooppedss esntab tiafonhatgpnae. g, naedulihy tnasadeK for
osource M e SOTLReL S Stent 825l AOTRLL) B0 ol SThSHe P
resources. and providd-colth® s§RbLHIOD AOfrarGhnai (MK muMARE-Siplt fORipRLGBpII(ROMT)IE
assi gnrent (;))I'oc?s?é rl%soogagremgl%p egcltig Sdata symbols, the control symbols, and/or pilot
symbols. TX MIMO processor 1430 may perform spatial processing (e.g., precoding)
on the multiplexed symbols, if applicable, and provide T output symbol streams to T
modulators (MODs) 1432a through 1432t. Each modulator 1432 may process a
respective output symbol stream (e.g., for OFDM) to obtain an output sample stream.
Each modulator 1432 may further process (e.g., convert to analog, amplify, filter, and
upconvert) the output sample stream to obtain a downlink signal. T downlink signals
from modulators 1432a through 1432t may be transmitted via T antennas 1434a through
1434t, respectively.
At UE 120, antennas 1452a through 1452r may receive the downlink signals from Node
B 110 and provide received signals to demodulators (DEMODs) 1454a through 1454s,
respectively. Each demodulator 1454 may condition (e.g., filter, amplify, downconvert,
and digitize) a respective received signal to obtain input samples. Each demodulator
1454 may further process the input samples (e.g., for OFDM) to obtain received
symbols. A MIMO detector 1456 may obtain received symbols from all R
demodulators 1454a through 1454r, perform MIMO detection on the received symbols
if applicable, and provide detected symbols. A receive processor 1458 may process
(e.g., demodulate, deinterleave, and decode) the detected symbols, provide decoded data
for UE 120 to a data sink 1460, and provide decoded control information to a
controller/processor 1480.
On the uplink, at UE 120, data from a data source 1462 and control information (e.g.,
ACK information, etc.) from controller/processor 1480 may be processed by a transmit
processor 1464, precoded by a TX MIMO processor 1466 if applicable, conditioned by
modulators 1454a through 1454r, and transmitted to Node B 110. At Node B 110, the
uplink signals from UE 120 may be received by antennas 1434, conditioned by
demodulators 1432, processed by a MIMO detector 1436 if applicable, and further

processed by a receive processor 1438 to obtain the data and control information
transmitted by UE 120.



obtaining an index of the ACK resource fromat |east one field of a
schedul i ng nmessage carrying the sem -persistent assignnent, and
determ ning the ACK resource based on the index. 4. The net hod
of claim 3YOowhenaBIY the at | east one field conprises aPCT/EsuDY/ERIES60f
a new data indicator field, a redundancy version field, a nodul ation
and coding schene (MCS) field, or a trapgsmt power control (TPQ)
command fi el d. 5. The method of claim3, wherein the
schedul i ng nmessage is al so used to send scheduling information for a

single transni.ssion of dat it am c..schedul i ng. .
The ot hod DR Esrhrghesgift Pl S0 B FyRECHRE Mool e Be g et v
assi gnment t207p¢spS@isely. Processdel 481t dndpr fodicr prosebed uhd ngdiues Sage 1basag

on a cell radi.o network te ary_ identifier (C-BNTlI) used for

seni - per si sPEMSEHEGE Rrﬂbeggg‘ﬁﬂjmo%‘{%ﬁnplﬁﬁe% it %ng%ﬂgi@% o processes
assi gnnent  fgrom tiBnfebe dedchiBed MeRFRI Processor 1446 - anlhR F¥BEhORcQlorsa0M
1, wherein the sem -persistent assignnent is received on a physical
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8. An appar d2smhpmplemettesscesangrunit G0 o ]GcbnMderserieg: 1442 and 1482 may
store data and program codes for Node B 110 and UE 120, respectively. A scheduler
1444 may schedule UEs for downlink and/or uplink transmission and may provide
assignments of resources (e.g., ACK resources) for the scheduled UEs.
Those of skill in the art would understand that information and signals may be
represented using any of a variety of different technologies and techniques. For
example, data, instructions, commands, information, signals, bits, symbols, and chips
that may be referenced throughout the above description may be represented by
voltages, currents, electromagnetic waves, magnetic fields or particles, optical fields or
particles, or any combination thereof.
Those of skill would further appreciate that the various illustrative logical blocks,
modules, circuits, and algorithm steps described in connection with the disclosure
herein may be implemented as electronic hardware, computer software, or combinations
of both. To clearly illustrate this interchangeability of hardware and software, various
illustrative components, blocks, moduies, circuits, and steps have been described above
generally in terms of their functionality. Whether such functionality is implemented as
hardware or software depends upon the particular application and design constraints
imposed on the overall system. Skilled artisans may implement the described
functionality in varying ways for each particular application, but such implementation
decisions should not be interpreted as causing a departure from the scope of the present
disclosure.
The various illustrative logical blocks, modules, and circuits described in connection
with the disclosure herein may be implemented or performed with a general-purpose
processor, a digital signal processor (DSP), an application specific integrated circuit
(ASIC), a field programmable gate array (FPGA) or other programmable logic device,

discrete gate or transistor logic, discrete hardware components, or any combination



at | east one processor configured to receive a sem -persistent
assignnment for a user equipnment (UE), the sem -persistent assignment
being valid for nultiple transm ssions of data, to obtain an

assi gnmentweRorakise edgenent (ACK) resource fromthe PEWUSpWL/GIssicent
assignnment, the ACK resource being assigned to the UE for the
multiple transm ssions of data, to recejye a transm ssion of data
sent in accordance with the sem -persistent assignnent, to determ ne
ACK information for the transm ssion of data, and to send the ACK
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alternative, the processor and the storage medium may reside as discrete components in
a user terminal.
In one or more exemplary designs, the functions 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 more instructions or code
on a computer-readable medium. Computer-readable media includes both computer
storage media and communication media including any medium that facilitates transfer
of a computer program from one place to another. A storage media may be any
available media that can be accessed by a general purpose or special purpose computer.
By way of example, and not limitation, such computer-readable media can comprise
RAM, ROM, EEPROM, CD-ROM or other optical disk storage, magnetic disk storage
or other magnetic storage devices, or any other medium that can be used to carry or
store desired program code means in the form of mstructions or data structures and that
can be accessed by a general-purpoese or special-purpose computer, or a general-purpose
or special-purpose processor. Also, any connection is properly termed a computer-
readable medium. For example, if the software is transmitted from a website, server, or

other remote source using a coaxial cable, fiber optic cable, twisted pair, digital



means for obtaining an i ndex of the ACK resource fromat |east one
field of a scheduling nessage carrying the sem - persi stent

assignnent, the at |east one field conprising at | east one of a new
dat a i ndi %@ 2109fi348%d, a redundancy version field, a no@GTASNONIBHTG
codi ng schenme (MCS) field, or a transmt power control (TPC) comrand
field, and nmeans for determ ning the AG4§ resource based on the index.
13. The apparatus of claim1ll, wherein the neans for receiving the
sem - persi stent assignment conprises nmeans for detecting for a
schedul i ng . 0 . I i 0. I y.. L.dentfier
(G RNTI) s SRR LRERSEL D BrERee o lloBiol Sl S OB A ol REEALE
obt ai ni ng t thenskdrceqxérl shblk efiberapsic gaentwifted pair NBSECcheditkleggic teeRqis.
14. A nmethod for .wireless comruni cation,. conpyisjng:. .. ecei vi a
first sohoatiah HetEhgadecmiyltty CenatinE RO Wrbh iy i mcdod Hiko
transm ssi oandfis€ladsaised Bbrein, includel @6@patt AcACD)S BbertdidN SplES URD, @kital

data sent in accordance with the scheduling information;
sendi ng fi r ¥ersatk Avou(@YGanenpy dasend; -srndsq where grsks paiatly pegroduce data

transm ssi Ofy,pfclaia %iﬁhdf%ésrl% roﬁ%@ gﬁ? %Hﬁ&aﬁlgax%ﬁ}?‘iés%.e@ombhﬁﬁ@ns of the
resource used to send the first scheduling ssage;
above should also be included within the scope of computer-readable media.
The previous description of the disclosure is provided to enable any person skilled in the
art to make or use the disclosure. Various modifications to the disclosure will be readily
apparent to those skilled in the art, and the generic principles defined herein may be
applied to other variations without departing from the spirit or scope of the disclosure.
Thus, the disclosure is not intended to be limited to the examples and designs described

herein but is to be accorded the widest scope consistent with the principles and novel

features disclosed herein.



receiving a second schedul i ng nessage carrying a sen -persistent

assignment for multiple transm ssions of data; receiving a
second transm ssion of data sent in accordance with the .
sem - persi stent assignnment; and sendi ng second ACK i nfonnation

for the second transm ssion of data w t4s second ACK resource conveyed
by the sem -persistent assignnent 15. The nethod of claim 14, further
conpri si ng: obt ai ning an i ndex of the second ACK resource from
at | east one field of the second sch&%immassage the at |east one
field carrying an ACK resource index persi stent scheduling
and carrying scheduling information for dynam c scheduling. 16. The
nmet hod of claim 14, further conprising: detecting for the first
schedul i ng message basedhodhfa Wirdles cominunicatong doetpy\b‘mg terrporary

d f C- RNTI dt nt an
Getecting for t TENUEORACEERESHITh g HEuSay dOhaaiss: GALRTER0 6HE) chraemi-

assi gned t gerkii@niMRsfoRfeRCsbinPedR fof 8MtiptChRtHiésiths ok dataThe net hod of
claim 14, further conprising: obtaining a first nobdul ati on and

codi ng schene (NM@)HIH&&IU@SS&MM loé atkmogtledgemedt (AGK) ressagefiomhbe semi-
;L)E)Islt czl\i/g;s eg %Sllg% ynSa’t31 sc’hgla Lﬁ? # "[eg‘%ﬁrg% ééﬁlﬁ:\%&t‘gﬁf&d %Cﬁ%et %{Etjgﬂﬁsq?? Juylgple
of data i ntr@mﬁggﬂ@mqﬁdm@a; h the first MCS val ue;
receiving a transmission of data sent in accordance with the semi-persistent
assignment;
determining ACK information for the transmission of data; and

sending the ACK information with the ACK resource.

2. The method of claim 1, wherein the obtaining the assignment of ACK
resource COmprises

obtaining an index of the ACK resource from the semi-persistent assignment,
and

determining the ACK resource based on the index and a set of configured ACK

resources.

3. The method of claim 1, wherein the obtaining the assignment of ACK
TESOUIrce comprises

obtaining an index of the ACK resource from at least one field of a scheduling
message carrying the semi-persistent assignment, and

determining the ACK resource based on the index.

4. The method of claim 3, wherein the at least one field comprises at least
one of a new data indicator field, a redundancy version field, a modulation and coding

scheme (MCS) field, or a transmit power control (TPC) command field.

5. The method of claim 3, wherein the scheduling message is also used to

send scheduling information for a single transmission of data with dynamic scheduling.



obt ai ning a second MCS value fromthe second schedul i ng nmessage, the
second MCS val ue being one of a second plurality of MCS val ues
applicable for sem -persistent scheduling, the second plurality of

MCS val ues being fewer than the first plurality of MCS val ues; and

27 processing the second transm ssion of4data in accordance with the
second MCS val ue. 18. The nmethod of claim 14, wherein the first
ACK resource is valid for a single transm ssion of ACK information,
and wherein the second ACK resource is valid for multiple

transm ssions of ACK information. 19. An apparatus for wreless
cormmuni cati on, 6onpr iTaéngethod of chiml asthetsie the oeesisiop dRNbigls@d st
receive a first scheduling nessage carrying scheduling information
for a singPEEYREREFRERESA of data, to receive a first transnission of
data sent in ac ' i i r |

ot acknow edgoeon RAGK Ao HeRSh: sk BLY (IR nbcr€¥hpory
data wi t h fdengfietACKRNe$)oused forasssnpemiseait wéhictuling; esdour ce used to send
the first schedulin ssage, to receive a second scheduli ng nessage
carrying a sem Q%téwgrfgﬁgﬁ?g%@?‘éﬁ%%ﬁlwn it %’ﬁ?‘ﬂﬁ%ﬁ?? 3%ns of
data, to receive a second transm ssion of data sent in accordance
with the sem -persistent assignnent, and to send second ACK

i nf on-nation for- t heTsecoeiliod reinshim sl,owhefeinddhe swini-persstonh chsfi@kment is

resource cony t he .sem -.persist.ent assi t. 20. . Th
appar at us gefcelg%glg%% ?31\9\7,}6@&1%19% CRUCE C?‘@%fée? ﬁ%‘ﬁ@gﬂ o theransission of data
confi gur edist @ceibédion @aphysitdeXohlifibeh&es CAshCPIDSSHY! £& Fh&®the ACK
| east one field of the second scheduling nmessage, the at | east one

field carrissAgcas moxrhedend pplink eppee! ehanneldBUCEE s st ent schedul i ng
and carrying scheduling information for dynam c schedul i ng. 21.
The apparatus of claim 19, wherein the at |east one processor is
configured to d&tect AhappirhesfforsirelsshedithutigitivRscaggishased on a
first cell radio network tenporary identifier (CRNTI) assigned to_a
user equi pment (‘tt,%‘s,t ORRPTREF ST toBTSHsH 19 Feretisch FINRAE ARG 356 crESBLpS 2

e oS e SHE U 90
assi gni ng hetksnoiedgendsts, (AGKInrBs assigneneno oél aulsenw]edpeirpe (A CKYUERsource
from the semi-persistent assignment, the ACK resource being assigned to the UE for the
multiple transmissions of data, to receive a transmission of data sent in accordance with
the semi-persistent assignment, to determine ACK information for the transmission of

data, and to send the ACK information with the ACK resource.

9. The apparatus of claim 8, wherein the at least one processor is configured
to obtain an index of the ACK resource from at least one field of a scheduling message
carrying the semi-persistent assignment and to determine the ACK resource based on
the index, and wherein the at least one field comprises at least one of a new data
indicator field, a redundancy version field, a modulation and coding scheme (MCS)

field, or a transmit power control {TPC) command field.

10.  The apparatus of claim 8, wherein the at least one processor is configured
to detect for a scheduling message based on a cell radio network temporary identifier
(C-RNTI) used for semi-persistent scheduling, and to obtain the semi-persistent

assignment from the scheduling message.



28 sendi ng a sem -persistent assignnment conprising the ACK
resource to the UE, the sem -persistent assignnent being valid for
mul tiple transm ssions of data, the ACK resource being assigned to

the UE for the nultiple transm ssions of data,; sending a
transm ssion of data in accordance wtips he sem -persi stent

assigment to the UE;, and receiving ACK i nformation for the
transm ssion of data, the ACK informati on being sent by the UE with

t he ACK resource. 23. The nethod of claim 22, wherein the
sendi ng the sem -persistent assignnent conprises mappi ng an

i ndex of the ACK.r esAunrapparhins didr wiedleds comemiiekidn afongprisgedul i ng
nessage, mappi remai ning .informatiaon for the sem -persistent
assignment to r Snﬂgﬁbecﬂ"éqgc%s PepytientSpsignac dpy ifer sgLipEsab), the

and sendi n&nﬁi%rﬁﬁ&ﬁ%@éibﬂﬁeﬂf}%ﬁ@%ﬁ& @ortxﬂﬁtigﬁ- transmission€ 8f da}%e met hod

of claim 23, wherein the at |east one field conprises at ast one of
a new dat a i ndi waawr fof iobtatning an edsigataent yof\aeksivoladganadnd (AGKoekouade Hom
and codi ng schene fi.eld, or a nsmt power contraol (TP
command fi @Fds.eml'pei(sll\é%s 5?531%6%#}?0‘&%5(? TEPUTCH DPE fisenet o ttfi"é UR for the
schedul i ngmABREI@MshEssdsdruagd to send scheduling information for a
single transm ssion of data with dynam c scheduling.

means for receiving a transmission of data sent in accordance with the semi-

persistent assignment;
means for determining ACK information for the transmission of data; and

means for sending the ACK information with the ACK resource.

12. The apparatus of claim 11, wherein the means for obtaining the
assignment of ACK resource comprises

means for obtaining an index of the ACK resource from at least one field of a
scheduling message carrying the semi-persistent assignment, the at least one field
comprising at least one of a new data indicator field, a redundancy version field, a
modulation and coding scheme (MCS) field, or a transmit power control (TPC)
command field, and

means for determining the ACK resource based on the index.

13, The apparatus of claim 11, wherein the means for receiving the semi-
persistent assignment comprises

means for detecting for a scheduling message based on a cell radio network
temporary identifier (C-RNTI) used for semi-persistent scheduling, and

means for obtaining the semi-persistent assignment from the scheduling

message.

14. A method for wireless communication, comprising:
receiving a first scheduling message carrying scheduling information for a single

transmission of data;



26. The nethod of claim 22, wherein the sending the sem -persistent
assi gnnment conpri ses generating a scheduling nmessage carrying the
sem - persi stent assignnent, and processing the schedul i ng nessage
based on a cell radio network tenporary,jdentifier (CRNTI) used for
sem - persi stent schedul i ng. 27. e nmethod of claim 22,

wherein the sem -persistent assignnment is sent on a physical downlink
control channel (PDCCH) and the transm ssion of data is sent 29 on a
physi cal downl i HeesiHr adishaamfarssieDsCidpta sondl imiaesasilance sitiadie scheduling
resource i ?nf&?ﬁ fypPhysi cal uplink control channel (PUCCH). 28.

al . . ..
An apparatus for W reless conmmunication, conprising: at | east

one processor ceafdigufisd atimoadsdgemeactON) adaarmivh HAHE) fikesMshERidOof
a user equi pmenit&é(UEé to send a sem -persistent assignnent _
conpri si ngdftRavikdiest ALK esQurepassp@ateft Withiieresiwse ed 40 sandribe st pehaduling
bei ng val i ¢, fQLemul tiple transm ssions of data, the ACK resource

bei ng assignedto the UE for the nultiple transm ssions of data, to
send a transni ssicorving a statad scheddogy demnage witying hensigrisipeit ks anént for
assi gnment t?g%lhg UE,. and to receive ACK information for the

transm ssi BHERC HARSTIssoNs %4@R1% nt or mat i on bei ng sent by the UE with

the ACK resour C@ceiving a #eond MandRRAGAIHSIRL £ taiir{nagﬁjr%m%agtﬂ' thD &l
d t he

| east one processor is configured to map an index o resource
to at | easveontenf issignmeht;andchedul i ng nessage, the at |east one field

conprising at |east one of ew data indicator field, a redundancy .
version field, & P%Ctoflgrfgg 1@8@%@?5&’5& SEREE) trf‘]?sé‘rlﬁﬁlorbro?éiaata with
transnit pesehd @@H F@burcd BSaves QIR sbinfhehsistc@t BRRNHARRRI Ni ng
information for the sem -persistent assignnment to remaining fields

and bits of the scheduling nessage, and to send the scheduling

nessage to the . . : a us of cl.aim28, wherein the
at | east one prg%essgpelmseﬁ%gn%i}&gaﬁ%@%’ f‘lgﬁjalé%oé?%?sén% schedul i ng nmessage

carrying the seobtajpéisius itk dshé gedRAtACHN@sdRcP eSS chdI®ne field of the
schedul i ng rres;agne based on a cell radio network tenporary identifier
(C-RNTI) uS¥and seheduling prpsageignet Laplcens figlg carrying ansACK Nepautrerondes for

Wi reless C%@rﬁ&%ﬁ&%ecﬁﬁﬂg Lhé Eﬁgﬁng scheduling information for dynamic scheduling,

16. The method of claim 14, further comprising:

detecting for the first scheduling message based on a first cell radio network
temporary identifier (C-RNTI) assigned to a user equipment (UE); and

detecting for the second scheduling message based on a second C-RNTI

assigned to the UE for semi-persistent scheduling.

17.  The method of claim 14, further comprising:

obtaining a first modulation and coding scheme (MCS) value from the first
scheduling message, the first MCS value being one of a first plurality of MCS values
applicable for dynamic scheduling;

processing the first transmission of data in accordance with the first MCS value;

obtaining a second MCS value from the second scheduling message, the second
MCS value being one of a second plurality of MCS values applicable for semi-
persistent scheduling, the second plurality of MCS values being fewer than the first
plurality of MCS values; and



sending to a user equipnent (UE) a first scheduling nessage carrying
scheduling information for a single transm ssion of data;

sending a first transm ssion of data in accordance wth the
scheduling information to the UE; 30 7 receiving first

acknow edgenent (ACK) information for t%e first transm ssion of data,
the first ACK information being sent by the UE with first ACK
resource associated with a resource used to send the first scheduling
nessage; BOReRsHg the seqead wrngmissien 9 daieta datdrazcavdtdnde seeondyMES
a sem -pergiigtent assignment for multiple transm ssions of data;
sendi ng a second transm ssion of data in accordance with the

sem - persi stent assignnment to the UE, and reﬁeiving Zecond ACK
information for _{he cond transm ssion of data, the second ACK .

i nformation bei hé; sehhe W%}%Oﬁﬂaw £ Whersingthadist ACKyTce@UTER iy Eafidlafop
the sem - pghsie$tARhistivR b8 AR info tioﬁh dwhieq tgé i\%{%ﬁ& WA reshitich ti‘EeYralid
conpri si ng: mappl Nng an 1 ndex of the secon resource to a

| east one farehultipit thhenssoonof ACKadforinagomessage, the at | east one
field carrying an ACK resource index for sem -persistent scheduling
and carrying scheduling information for dynam c scheduling. 33. The

met hod of clai m&l, AWkhphwS %R irdkRTommunication, comprising:

at least one processor configured to receive a first scheduling message carrying
scheduling information for a single transmission of data, to receive a first fransmission
of data sent in accordance with the scheduling information, to send first
acknowledgement (ACK) information for the first transmission of data with first ACK
resource associated with a resource used to send the first scheduling message, to receive
a second scheduling message carrying a semi-persistent assignment for multiple
transmissions of data, to receive a second transmission of data sent in accordance with
the semi-persistent assignment, and to send second ACK information for the second
transmission of data with second ACK resource conveyed by the semi-persistent

assignment.

20.  The apparatus of claim 19, wherein the at least one processor is
configured to obtain an index of the second ACK resource from at least one field of the
second scheduling message, the at least one field carrying an ACK resource index for

semi-persistent scheduling and carrying scheduling information for dynamic scheduling,

21. The apparatus of claim 19, wherein the at least one processor is
configured to detect for the first scheduling message based on a first cell radio network
temporary identifier (C-RNTTI) assigned to a user equipment (UE), and to detect for the
second scheduling message based on a second C-RNTI assigned to the UE for semi-

persistent scheduling.

22. A method for wireless communication, comprising:

assigning acknowledgement (ACK) resource to a user equipment (UE);



processing the first scheduling nmessage with a first cell radio
network tenporary identifier (C-RNTI) assigned to the UE, and
processi ng the second scheduling nessage with a second C- RNTI
assigned to the UE for sem -persistent 2'sgchedul ing. 34. The nethod of
claim 31, further conpri sing: sel'eécting a first nodul ati on and
codi ng schenme (MCS) value froma first plurality of MCS val ues
applicable for dynam c scheduling; processing the first transm ssion
of data in accoP@dHige? fFmiHPesisont assignmes camprising heedtKgsarestoothg UE,

MCS val ue - Lty of V, B l.e.f

sem - per si ]fél{ecegﬁmtn?g %ﬁ%ﬁ%ﬁ F%ll ; n(lgbélg gﬁﬁ ru@gﬁij?eyé%%hk@%%fﬁ%%’ gléai j}l(ng

f ewer thanrdsthacé beiap apligredlté the WOF foviTe maltipds tramndssomogdaiang t he

second transni ssion of data (n afccor_dance with the second MCS 31

35. The nethod ¥dEgA HnsHissigRentdai if Recariance wilikhe sypioperdsten! asgienpgent

for a singlgptiangpyssi on of ACK information, and wherein the second

ACK resource is valid for nmultiple transm ssions of ACK infornation.
receiving ACK information for the transmission of data, the ACK information

being sent by the UE with the ACK resource.

23.  The method of claim 22, wherein the sending the semi-persistent
assignment comprises

mapping an mdex of the ACK resource to at least one field of a scheduling
message,

mapping remaining information for the semi-persistent assignment to remaining
fields and bits of the scheduling message, and

sending the scheduling message to the UE.

24.  The method of claim 23, wherein the at least one ficld comprises at least
one of a new data indicator field, a redundancy version field, a modulation and coding

scheme (MCS) field, or a transmit power control (TPC) command field.

25.  The method of claim 23, wherein the scheduling message is also used to

send scheduling information for a single transmission of data with dynamic scheduling,

26. The method of claim 22, wherein the sending the semi-persistent
assignment comprises

generating a scheduling message carrying the semi-persistent assignment, and

processing the scheduling message based on a cell radio network temporary

identifier (C-RNTI) used for semi-persistent scheduling.

27.  The method of claim 22, wherein the semi-persistent assignment is sent

on a physical downlink control channel (PDCCH) and the transmission of data is sent



36. An apparatus for wreless conmunication, conprising: at

| east one processor configured to send to a user equipnent (UP) a
first scheduling nessage carrying scheduling information for a single
transm ssion of data, to send a first tifnsnission of data in
accordance with the scheduling infornmatTon to the UE, to receive
first acknow edgenent (ACK) information for the first transm ssion of
data on first ACK resource associated with a resource used to send

the first SeRIHYsirHgloMntigk ghared ghanspldPDSGlbe anpwhersit ted S hesputderig for
nessage ca I, 7 1 - i Iﬁﬁﬁ& nment for multiple _
transnissi%hgyﬁgﬂggﬁ@?&¥%££§%%5§q§econ "transm ssion of data in
accordance with the sem -persistent assignnent to the UP, and to
recei ve second ACK infornmation for the second transm ssion of data on

second ACK resotitce OOrfPBYEHISHY WhdeSepmparetionesmnpsdiggnnent .
37. The appar at iS4 ofé g}d&s%?r coHf Sieédrfoggﬁ\@ﬁc&%%édggﬁg%ﬁgﬁ%?)sﬁ&iuréesto

configured to map an I ndex o econ resour t"T’'east one
field of thesseeqgnpmsathgdh),itngsendssagei-pdrkisteat adsgasienoremiptieing the ACK
carrying an ACK resourc ianx for sem -persjstent scheduLin% and

carryi ng stfidtfi iy Pt bEmatiCoscREPedytahi TSseameny heng valid Tor gpultiple
The appar ajrbgsnbsiGlsabMiAL, tHehRERT Resbibee %Einlge%%%gg@?o Qﬁﬁﬁﬁ? ?clﬂrthle %nulriple

configured to process the first scheduling nessage wit rst ce
radi o net waphsniesmdsr aff Jathdtnsédi &rtraphGnRRpith)ofadats gnedcdrdandeewlt, thasemi-
ssa a.second . C I

Lo Processyl e APRYNM NG LRI, PERR0E LR 5Lt O T isonr

data, the ACK information being sent by the UE with the ACK resource.

29.  The apparatus of claim 28, wherein the at least one processor is
configured to map an index of the ACK resource to at least one field of a scheduling
message, the at least one field comprising at least one of a new data indicator field, a
redundancy version field, a modulation and coding scheme (MCS) field, or a transmit
power control (TPC) command field, to map remaining information for the semi-
persistent assignment to remaining fields and bits of the scheduling message, and to

send the scheduling message to the UE.

30.  The apparatus of claim 28, wherein the at least one processor is
configured to generate a scheduling message carrying the semi-persistent assignment,
and to process the scheduling message based on a cell radio network temporary

identifier (C-RNTI) used for semi-persistent scheduling.

31. A method for wireless communication, comprising:

sending to a user equipment (UE) a first scheduling message carrying scheduling
information for a single transmission of data;

sending a first transmission of data in accordance with the scheduling

information to the UE;
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receiving first acknowledgement (ACK) information for the first transmission of
data, the first ACK information being sent by the UE with first ACK resource
associated with a resource used to send the first scheduling message;

sending to the UE a second scheduling message carrying a semi-persistent
assignment for multiple transmissions of data;

sending a second transmission of data in accordance with the semi-persistent
assignment to the UE; and

receiving second ACK information for the second transmission of data, the
second ACK information being sent by the UE with second ACK resource conveyed by

the semi-persistent assignment.

32.  The method of claim 31, further comprising:
mapping an index of the second ACK resource to at least one field of the second
scheduling message, the at least one field carrying an ACK resource index for semi-

persistent scheduling and carrying scheduling information for dynamic scheduling.

33.  The method of claim 31, further comprising:

processing the first scheduling message with a first cell radio network temporary
identifier (C-RNTI) assigned to the UE; and

processing the second scheduling message with a second C-RNTI assigned to

the UE for semi-persistent scheduling,

34.  The method of claim 31, further comprising:

selecting a first modulation and coding scheme (MCS) value from a first
plurality of MCS values applicable for dynamic scheduling;

processing the first transmission of data in accordance with the first MCS value;

selecting a second MCS value from a second plurality of MCS values applicable
for semi-persistent scheduling, the second plurality of MCS values being fewer than the
first plurality of MCS values; and

processing the second transmission of data in accordance with the second MCS

value.
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35. The method of claim 31, wherein the first ACK resource is valid for a
single transmission of ACK information, and wherein the second ACK resource is valid

for multiple transmissions of ACK information.

36.  An apparatus for wireless communication, comprising:

at least one processor configured to send to a user equipment (UE) a first
scheduling message carrying scheduling information for a single transmission of data, to
send a first transmission of data in accordance with the scheduling information to the
UE, to receive first acknowledgement (ACK) information for the first transmission of
data on first ACK resource associated with a resource used to send the first scheduling
message, to send to the UE a second scheduling message carrying a semi-persistent
assignment for multiple transmissions of data, to send a second transmission of data in
accordance with the semi-persistent assignment to the UE, and to receive second ACK
information for the second transmission of data on second ACK resource conveyed by

the semi-persistent assignment.

37.  The apparatus of claim 36, wherein the at least one processor is
configured to map an index of the second ACK resource to at least one field of the
second scheduling message, the at least one field carrying an ACK resource index for

semi-persistent scheduling and carrying scheduling information for dynamic scheduling,

38.  The apparatus of claim 36, wherein the at least one processor is
configured to process the first scheduling message with a first cell radio network
temporary identifier (C-RNTI) assigned to the UE, and to process the second scheduling

message with a second C-RNTI assigned to the UE for semi-persistent scheduling.



