(H) ARQ FOR SEM - PERSI STENT SCHEDULI NG TECHNI CAL FI ELD 100011The techni cal
field relates to a nobile radi o communi cations system and to such systens
where sem -persistent scheduling is enployed. BACKGROUND [ 0002] Uni ver sal
Mobi | e Tel econmruni cati ons System (UMIS) is an exanple of a nobile radio
communi cations system UMIS is a 3rd Ceneration (3G nobile conmunication
system enpl oyi ng Wdeband Code Division Miultiple Access (WCDMVA) technol ogy
standardi zed within the 3th Generation Partnership Project (3GPP). In the
3GPP rel ease 99, the radio network controller (RNC) in the radi o access

network control s radifnh L\ control

i ncl udes adm ssi on cé@ﬁ@ﬁ%?ﬂmgkﬁw gﬁ&@ﬁmwsw tching which
corresponds to changing the data rate of a connection. Base stations,

cal | ed node Bs ‘&xl\\’IB(E%‘ whi ch are connected to an RNC, orchestrate radio
conmuni cat | IRCHNIGAKIHELD radi o stations over an air interface. RNCs are
al so connected to nodes in a core network, i.e., Serving GPRS Support Node

(SGSN), Gat 40881]GPRS Bupssheicablield (relagm)to anmpbileraliv cemmgicatione systevesC) |
etc. Core n k mnodes pragvide variou envi,ces to bile radio users who
are connect gh%@/“ﬁrﬂ‘éyﬁ‘ﬁﬂgo‘" °68§%‘§"R%‘F\Rgﬁ“§5%'lﬁ’8}i g ‘saﬂ?nﬁgﬁ?(ﬁcati on, call
routing, charging, service invocation, and access to other networks |ike

the Interne j { tched tel ephone network (PSTN), Integrated Services
Di gital Net M@ﬁwﬂ etc. [0003] The Long Term Evolution (Lit) of UMIS is

under devel opnent by the 3rd Ceneration Partnership Project (3GPP) which

st andar di ze40Q]S. Thdniveessabk Nobjlet deleconmiursgmivngi Sxsteon(UMESRdisatant he

3GPP vebsi t %xgr?ll)l%tép 49 n%o%i evr%lii\()egommunications system. UMTS is a 3rd Generation
(3G) mobile communication system employing Wideband Code Division Multiple
Access (WCDMA) technology standardized within the 3™ Generation Partnership
Project (3GPP). In the 3GPP release 99, the radio network controller (RNC) in the
radio access network controls radio resources and user mobility. Resource control
includes admission control, congestion control, and channel switching which
corresponds to changing the data rate of a connection. Base stations, called node
Bs (NBs), which are connected to an RNC, orchestrate radio communications with
mobile radio stations over an air interface. RNCs are also connected to nodes in a
core network, i.e., Serving GPRS Support Node (SGSN), Gateway GPRS Support
Node (GGSN), mobile switching center (MSC), etc. Core network nodes provide
various services to mobile radio users who are connected by the radio access
network such as authentication, call routing, charging, service invocation, and
access to other networks like the Internet, public switched telephone network
(PSTN), Integrated Services Digital Network (ISDN), etc.
[0003] The Long Term Evolution (LTE) of UMTS is under development by
the 3rd Generation Partnership Project (3GPP) which standardizes UMTS. There
are many technical specifications hosted at the 3GPP website relating to Evolved

Universal Terrestrial Radio Access (E-UTRA) and Evolved Universal Terrestrial



Uni versal Terrestrial Radio Access (E-UTRA) and Evol ved Uni ver sal
Terrestrial Radio Access Network (E-UTRAN), e.g., 3GPP TS 36.300. The

obj ective of the LTE standardization work is to develop a framework for the
evol ution of the 3GPP radi o-access technol ogy towards a hi gh-data-rate,

| ow- | at ency and packet-optim zed radi o-access technol ogy. In particul ar,
LTE ains to support services provided fromthe packet sw tched (PS)-domain.
A key goal of the 3GPP LTE technology is to enabl e hi gh-speed packet
comuni cations at or above about 100 Mops. [00041Figure 1 illustrates an
exanple of an LTE type nobil e conmmunications system 10. An E- UMAN 12

i ncl udes E- UTRAN NodeBs (eNBs) 18 that provide E-UTRA user plane and
control plane protocol term nations towards the user equi pnent (UE)
termnals 20 over a radio interface. An eNB is sonetinmes nore generally

R N BT S T

nmobile ra shown in Fidure 1, the base

stations alL"EElsnirﬁraﬁdimRmt edrinid o daedloptan famieyork P2 thm'eemlhame of the base
stations are alsg connected by an S 1 interface to an EvoI Packet Core
(EPC) 14 wWHIRR radietagerss teplw@lﬂay. wamn%lg@r%éﬂtaﬁ{ﬁ oPaP €y System

Archit ect gééﬁg@\é?& H‘%dn%c&%% {%YIn g oE SN aﬁ%&q $lipbo ot §E&W!?:s as a

single no I's exanp ogdus In nany to an
SGSN GGSN gravided fram thivipacien @wmh@bﬂﬂﬁliﬁfnalﬂ'hmﬁfdeyl guabof ahne36l?BrioTIEs a
many-tomany rel ation between MMEsS / SAE Gateways.and eNB

E q$ E- UTRAN 12
and EPC 14tef:lag>é@3Ye»s tp snablg highrspeed pasketommunirgionsrat of pbexg oﬂﬁéb%l\/E

SAE Gatevvamng are connected to directly or indirectly to the Internet 16
and to ot her‘networks. 100051To provide efficient resource usage, LTE and

ot her systi@004f hat Figde shargidstrated oan esgamples «fuppor ETEastypé dynobilec”

el udes. CeREBHpISHGS e AR B ERARNAR. irebisies BHFERARE NadeBca

upl i nk Sha(reﬁ%sgh?@nmat (Bjﬁg@ -Wsﬁéegnﬁfkne and control plane protocol
terminations towards the user equipment (UE) terminals 20 over a radio interface.
An eNB is sometimes more generally referred to as a base station, and a UE is
sometimes referred to as a mobile radio terminal or a mobile station. As shown in
Figure 1, the base stations are interconnected with each other by an X2 interface.
The base stations are also connected by an S1 interface to an Evolved Packet Core
(EPC) 14 which includes a Mobility Management Entity (MME) and to a System
Architecture Evolution (SAE) Gateway. The MME/SAE Gateway is shown as a
single node 22 in this example and is analogous in many ways to an SGSN/GGSN
gateway in UMTS and in GSM/EDGE. The S1 interface supports a many-to-
many relation between MMEs / SAE Gateways and eNBs. The E-UTRAN 12 and
EPC 14 together form a Public Land Mobile Network (PLMN). The MMEs / SAE
Gateways 22 are connected to directly or indirectly to the Internet 16 and to other
networks.
[0005] To provide efficient resource usage, LTE and other systems that
used shared radio resources support fast “dynamic” scheduling where resources on
the shared channels, e.g., in LTE this includes the physical downlink shared
channel (PDSCH) and the physical uplink shared channel (PUSCH), are assigned
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dynam cally to user equipnent (UE) termnals and radi o bearers on a
sub-frame basis according to the nonentary traffic demand, quality of
service (QS) requirenents, and estinmated channel quality. This assignnent
or scheduling task is typically perfornmed by one or nore schedul ers
situated in the eNB. 10006] The overall scheduling concept for the downlink
is illustrated in Figure 2. To support fast channel -dependent 1|ink

adaptati on and fast channel -dependent tinme and frequency domai n schedul i ng,
the UE 20 nmay be configured to report the Channel Quality Indicator (CQ)
to aid the @WRmiBallyhtd tiser Egafthént LU dernifsls tRdi di Beardtd RrCalshiy-frahfte UE 18
bases the CQ reports on neasurenments on downlink (DL) reference signals.
Based on t hbastQaceasgingt 0 dhe momentaayitraffiendemanid, t gualidy f ofe semvicel (oLl

aqnency + BguEmBRRCHL it ch Pl B Sty S WhedhiF B0
dynami cal | ﬁs&?ﬁi@ﬂ&ﬁ&fdﬁfﬁd%{&%ﬂrﬁ@re%@ﬁécﬁi%@Ituait@dﬁiﬂl@@l\@. on the Physi cal

Downl i nk Cont r ol annel (P in the L'IL exanple. Each UE 20 nonitors
the control [8M6hnel tlhedevasakisebedulingheancept for thehdetwnlink ds illustratadained

F1nd 't he daT UL ReqlP sUPPOR fohiianni-dopahaeht JEikonodhieiing, i dach ShAMASS
schedul i ng ggpaeait tife ahd ttﬁrqhgﬂ@dd&ﬂaiﬁi SHERUIRg, TREUED@ thdybOEsiTigup&] UL

schedul er in the eNB 18 when data arrives in the transmt buffer wWth a
Schedul i ng Rergpedtth¢ SHRanndhQualitysindiatdrdCQiglteaid theheNBi h& /i ite flysanyc r adi o
resources the HE.wil| use and.al so,.sel ect hg, transpQrt ck size

modul at i on, s‘g'ﬁﬁlﬁ%i‘#ﬁ'sb‘m‘?aus YPf%Hyacfﬁ t g’tﬁt oﬁ% £ ofse} h@‘euﬁﬁwei’%@pe‘m or ned
in the eNB. nEgir&REMRS bR YoWRKRADIL) reRERE sighals. %@s’eﬁ%nttﬁGQ?CE?‘ep&'ﬁ find
information on the user IDto the 'UE. This Treans that the UE nust use a
certain traQeBaequifanems ofitlee differentHegiedNRchiasnelsy thadYL sachedulerf intthe eNB

transm ssi op paraneters when detecting the UL data transm.ssion fromthat
UE. The assirbmamically pskigny Sme and TPumORy seibh Trauicrs s achedaling (o

the UE via BB?ka%dgHathﬁllrls@E@duled ARl tdsonRke a3siaritht NOsibadied BRtthon (SI)
such as a Buffer StatlUs Repoft (BSR) or a power headroomreport nay be
transm t t edPhysiel DownlinknComtrel. Chaa®oBPACEH) gh thy hdki exasyttedbre¢inE 20 t he

baseline for LTE apd ot he . .
monitors tHe control channel to determine if that UE is scheduled on the shared

channel (PDSCH in LTE), and if so, what physical layer radio resources to find
the data scheduled for downlink transmission.

[0007] The uplink scheduling concept is illustrated in Figure 3. The UE 20
informs the UL scheduler in the eNB 18 when data arrives in the transmit buffer
with a Scheduling Request (SR). The UL scheduler selects the time/frequency
radio resources the UE will use and also selects the transport block size,
modulation, and coding because link adaptation for the uplink is performed in the
eNB. The selected transport format is signaled together with information on the
user ID to the UE. This means that the UE must use a certain transport format and
that the eNB is already aware of the transmission parameters when detecting the
UL data transmission from that UE. The assigned radio resources and

transmission parameters are sent to the UE via the PDCCH in LTE. Later,
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systens, it can be less than optimumfor certain types of services. For
exanpl e, for services such as speech (VolP) where small packets are
generated regul arly, dynam c scheduling results in substantial contro

si gnal i ng demands because a radi o resource assignment needs to be signal ed
in each scheduling instance, which in the case of Volt', an assignnment nust
be signaled for every Vol P packet. To avoid this high relative signaling
overhead for these types of services, resources may be assigned

sem -statically, which is called "sem -persistent” or "persistent”
scheduling. A sem -persistent assignnent is only signaled once and is then
available for the UE at regular periodic intervals w thout further

assi gnment signaling. 100091Many nodern wi rel ess communi cations systens use
a hybrid ARQ (HARQ protocol with nultiple stop-and-wait HARQ "processes”.

The notivat,.on f cesses o}

transni ssidgfit %f%ﬂ@ﬁﬁ‘?%ﬁﬁﬁ“g @Za‘“&) 2 bﬁgfg!gs tllls ?’O%&P&EWMgUtsa
protocol , \%&Nérﬁe&’dm&me &'Uﬁrmmlm t%gémemnthli!ﬁtasl nplicity of a

st op- and- rotocol .” Each”HARQ process corresponds to one stop-and-wait

pr ot ocol . IBQWISI ng Althoagh cdyaamlmlmhog I@ahgmawhmf@ {a?f angs gther 5

W Eh an. FERSeRn r<an 8 leSotaR ST dGeteriplt DiFst o e oan i gy 17
m(24), w foh sa%?&s 'éﬁ&@a@@%éécﬁ F(wmpwaqr&m PaEIGES aRSgdREated eqgulabpondi ng
u

active UE 1 re 5 shows each HARQ entity 24 managi ng
one or rmrdynlahmsgmdubsg erssudt,s B wt(sgm}xal Mrmg@ﬁllngoéwwgd%beqaﬂ@ AMARQ

B TR prigtiBagsoute gssiipeay nraip sz ighald TR Aef SWhedhBRE Mg g hRn T, "
stored in jhNRe REdel 61 Vo@ran%ﬁﬁnﬁﬁh{ ﬂﬁﬁﬂb@%lgﬁﬁleﬁffoi' RAérySWOrP pabken Toit, the
received retransmtted data unit Is soft-combined w trﬁ, t he data al ready in
t he buf f eravoid this high relative signaling overhead for these types of services, resources

may be assigned semi-statically, which is called “semi-persistent” or “persistent”

scheduling. A semi-persistent assignment is only signaled once and is then

available for the UE at regular periodic intervals without further assignment

signaling.

[0009] Many modern wireless communications systems use a hybrid ARQ

(HARQ) protocol with multiple stop-and-wait HARQ “processes”.  The

motivation for using multiple processes is to allow continuous transmission, which

cannot be achieved with a single stop-and-wait protocol, while at the same time

having some of the simplicity of a stop-and-wait protocol. Each HARQ process

corresponds to one stop-and-wait protocol. By using a sufficient number of

parallel HARQ processes, a continuous transmission may be achieved.

{0010} Figure 4 shows an eNB 18 with an HARQ controller 22 that includes

multiple HARQ entities 1, 2, ..., m (24), with each HARQ entity managing

HARQ processes for a corresponding active UE 1, 2, ..., n (20). Figure 5 shows

each HARQ entity 24 managing one or more HARQ processes A, B, ..., n (26).

One way of looking at the HARQ process is to view it as a buffer. Each time a

new transmission is made in an HARQ process, that buffer is cleared, and the

transmitted data unit is stored in the buffer. For each retransmission of that same
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J 00111Figure 6 illustrates an exanple of the HARQ protocol where P(XY)
refers to the Yth transm ssion in HARQ process X. The exanpl e assunes si X
HARQ processes. |If a large nunber of higher |ayer packets (e.g. |IP packets)
are to be transmtted, for each transmssion tinme interval (TTl), the RLC
and MAC protocol |ayers perform segnentation and/or concatenation of a
nunber of packets such that the payload fits the anmount of data that can be
transmitted in a given TTl. The exanple assunes for sinplicity that one IP
packet fits into a TTI when RLC and MAC headers have been added so that

there is no,segnentation.or, concatenation. [.0012] Racket.s t.hr h can be
tranem &t oddih e P 8teiged, SRS AR whd IS SOBEC iR oby 2K AplRer o
time, HARQ figerhas heftirfefARQ process 1 is received in the receiver. In this
exanpl e, a negafive acknow edgnment (NACK) for HARQ process 1 is received,

and a retralfdtillsi on Figurpériflostnascs am exinmole of theHARQ (podetacoledhere PEX,YX f a
positive acknow e ACK). had.b ecei ve ew transm ssion. coul d
have start e&%aﬁpﬁﬁﬂé”b&&wﬁ#m fn gﬁhé PIOFEY 1r :ﬁg CEAMBITSAPUIER ™ i . e. |
only NACKs i ) Keta@sg al |
HARQ pr oces?ggl{%?g&ggs?%pilfe%ﬁ%l?lmrrlgﬁ%aﬂgénl? é?gﬁgﬁb Once arI\PX@g@(k éi??ca?gg)gi ved

for an HARGhermoemittedndor datha transmissionr timenintereal (TTHhthe RAMRQapd AdAss. | f
only ACKs are received 0 transm ssion . errors then the transmtter can
cont | nuous | PrALoh BHER Rt psemeRta D andRr OB b ST Parie
synchronousq{dfiREL M DR 1dRCH s’ BE dnilGuniRIfi daka 8 cas YRCRafnaued pBQilar the
downl i nk. For that casé, in the uplink, the subfrane or transmssion tine

i nterval (TTTL) Thaerample asstmes forisimpbeitythatipse IR prekesditainte el Dlawberst at i on

feceluer L Le PR o Lok LR B35S 2L et S i e
oo PRAAGoL 1k 5 5001 e 11 R eedback (30NN 12 s
transmi ssi of001RP014] Rapketbll ahroughd cah teytransmitsetlimi thg festrsix fdisinslARQ
schedul i ng, pl%%esisgs 1 through 6. After that time, HARQ feedback for HARQ process 1 is
received in the receiver. In this example, a negative acknowledgment (NACK) for
HARQ process 1 is received, and a retransmission is performed in HARQ process
1 (denoted P1,2). If a positive acknowledgment (ACK) had been received, a new
transmission could have started carrying packet 7. If all 6 first transmissions
failed (i.e., only NACKs are received), then no new data can be transmitted
because all HARQ processes are occupied with retransmissions. Once an ACK is
received for an HARQ process, new data can be transmitted in that HARQ
process. If only ACKs are received (no transmission errors), then the transmitter
can continuously transmit new packets.
[0013] In modern cellular systems, synchronous HARQ may be used for the
uplink and asynchronous HARQ for the downlink. For that case, in the uplink, the
subframe or transmission time interval (TTI) when the retransmission occurs is
known at the base station receiver, while for the downlink, the base station

scheduler has the freedom to choose the subframe or TTI for the retransmission
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currently proposed for LTE for exanple, is that a receiving UE cannot

mat ch-up a dynam cal |l y-schedul ed retransm ssion of a HARQ process with the
initially-transmtted HARQ process that was sem -persistently schedul ed. If
HARQ i s operated in asynchronous node, as is currently proposed for exanple
in the LTE downlink, the problemis how the HARQ processes shoul d be

sel ected for sem -persistent scheduling. After a sem -persistent

assignment, both the HARQ transmitter entity as well as the HARQ receiver
entity would, for exanple, randomy pick an idle HARQ process with
potentially different HARQ process |IDs. The reason is that the eNB does not
send an explicit assignnent referring to a particular HARQ process ID. If

t he HARQ receiver can decode the infornmation, it delivers the information
to hi gher Iayers and acknow edges the reception. But if decoding fails,
tehn the '@% I Vaio SERASuRtinie Fak! SwARIN oW ghgRBNTHARQ féé&abkARQ
transmtte |ssue a retransm ssion of that HARQ process. If the

ret r ansni JACKYNACK} hestut @eodgingnicedbacl abast the subeess T tho pravieus)data hen t he
correspondi ng dynam c assi gnment must contain the identifier of the HARQ
process. |YNI{IEANSPUSSIAN. t hat t he HARQ transnitter chose a HARQ process ID for
the initi ansm HARR %5 it D

sel ected 390 e Ré#@ggwgiea%%ggﬁﬁgﬁgw §ernﬂ[Berr§]§e recglm\ﬁllg{rgecgnnot mat ch
t he dynani auadehsly pedposeds for iR fodARQmple dgethat mmmlgglbll‘s%nnpbn‘atqhe#ma ng HARQ

dynar cal A}néé‘iié@aurss 9&%%2&%&«@?&8&68#%%6%%8@n%RS{vﬁ‘aﬁ Woived
he ass! OERhindd P?Hié?ﬁrﬁ@éss QAT PRA Sftdbled! NFF HAGTQMSL L er and

t he receiver e erroneous y o t - conbi ned ot her
data and tdmrdteahsmwmadnommnde asois roaerehtly prapmsed fyr exaaph\RQhRATRIACK sent

for the data. The failure to make i.s_match thys ni f.i cant increases
error rat ¢loxyinke thecproblem rﬁ%ﬁ%%ﬂ@@m&mﬁﬁf f éelﬁﬁfastj %/1 -
conmmuni Cat&%&@ ﬁﬂ%t a%i‘f?etr' #NSenilY rs@teﬁla%é?% HALR! TRAE - thd HARQ

conmuni cat’l ons I shed between the radio stations, and a
sem - per snsztrsnﬂtteradntayrzesswﬂlces ithe ABChtreckiver entityowbuldat far tmmp_th,sm on

th nmu t k. Th t
Res0c! at edanemIvapelArcisl RARQ Brevomite nowsbialy ifiteedt HARE SigptSess
i denti fi erIDs'.\k”lIFh redBoh i ﬁﬂ\é@?ﬁ@?‘l@ﬂo@ nét sefdhn l?dl@&?{ghn{eﬂgf&e&iﬂﬁ%l%ce
MR t

include a re c ransm ssion ti Inte frame, subfrane,
or time slmiduanmmlpmbessdurﬁmmmmmewennam descale thérinformation; itt er f ace

Ret 1 anam (B e GRUBNIGT ERer BTG SRPRRLHEET U8 PPN naut if
sem - persi pl.ohf géﬂé%ﬁ;?ﬁ{%“ﬁ&?{ Q H0&iveRYeRlO ] GRpatiEAKNb WIS dgR AL laiged Wi th

the sem -persis resource 1s-used to match retransm ssion of a data
uni t dynarthe HARG ehastited issuck he reteamsmidsoat obribatl HARQ grocdshe Ifethsrest ed

dat t t ef d | i

dent 1 errelranamRgoR 1o SAREAT PRI (5o i dr B OB Hep 01 - U gat o

unit is C%%S&\éﬁﬁré .Qlfyﬂalﬂf@‘éké? éat! l‘é%ﬂﬁﬁ?rtﬁé Q@erifide N6F A HARQL . and
I derft | Wit

where the Ier 1s assocl ate RQ process. [0016]1n one
non- | i m t i progcessanpisdikebihadt tenHARQ aransmittepehssest HARQ guocess Eodor the may be

P ocese | deital (reBss P gha YRGS ERT b DA rorae 10T &Y fich:

radio r ESHARD ?é?:gltheConsequently, the HARQ receiver cannot match the dynamically
retransmitted HARQ process unambiguously to a pending HARQ process. In fact,
there may be multiple pending processes (persistently or dynamically scheduled)
for which the receiver may not even have received the assignment. If different
HARQ processes are used by the transmitter and the receiver, then the data may be

erroneously soft-combined with other data and the transmitted can not correctly
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correspondi ng automati c repeat request (ARQ process identifier may be
comuni cated in a nunber of ways. One exanple is using a configuration
nmessage, and another is using a scheduling assignnment nmessage. 100181The
technology in this application finds particularly advantageous application
to communi cati ons between a base station and a user equi pnent (UE). For
exanpl e, a base station includes a resource nmanager that allocates a

sem -persistent radio resource for the radi o connection, transmtting
circuitry for transmtting data units to the UE using the sem -persistent
radio 1 esouidauify A XRAACK/NACK %ehOfor HLHE_Fhe FRNEE Lo IaREWiBfddEn L ©
retransmt one of the data units transmtted using the sem -persistent

radi o r esouthys significantlyrineressss errphrate amt dédreases throeghpuhsi ssi on of the one
data unit using a radio resource, (different fromthe sem -persistent radio
resource), that is dynam cally schedul ed by the resource manager. The
resour ce madddMARYoci ates the seni-persistent radio resource with a
correspondi ng hybrid autonmatic repeat request (HARQ identifier and
provides th SOCI at] . e t g tQ use the HARQ
identifier ?%oﬁit er mﬁé'etggthnnt'{lg ergt(fotu;li:}ng&c?%fi r%ﬁ@%’[ﬂ {%ddsg%ftg%ﬁn(&ef j Eac@ e
exanpl e enbaserfase! , AtrhdiolddRhisieationsi 1tk isSestabléiRQ Bitaees the AAIY bthiiGfs,
10019] The user equi pnent féui% includes receiving circuitry for receiving
fromthe baded SSEWH-PAISISHNG raie irespurqedis aloratgd o supRersdatn tigasmissionaver adi o

over the radtoedithial G CThe SBRPobRIHT:EHY Mk Tt ociipE yritd ' o
transm ttedcogedpanding ffothatke Fépeat edjuesPdARQ) §ro¢Hss eaenThm_UEsI&L-xsiﬁaiﬁgg ei ves

fromthe base station an assocjation between the sem -persistent radio
resour ce an€Xamples rafs gosrminperpiglent cradiet sesemree rirglude a segidanly (sehedyled

process. P LALARLNY (rHPEVEL R, SRteRESHSUAE S0 ulhE R RS Rimis,

i nformation recerve m - per resoufce I'n

process assacdfi amitvovér tiatradiesipteriee vsihg amsBlsigiRd FRING Tesoud®s 3RaRet 0 t he
base station requesting retransm ssion of the data unit associated with the

HARQ pr oces freauencyras\dode somain. Resransmissiansisrrgquestedseha dplarynihbansmisted o

resource if_j.t ts a fransm.ssion errok. CeSSi NG Cireuitry. ., In
the U, - assbba Bt SehPalablrl S Teflne ths ARQSREN aRIR i,
schedul ed owithtthe semilipersixeshit @€soudde W dskd b enAeh haspamisdonond diga rQ
process based on the process | D signaled in the dynam c resource

al | ocat i on. dpRNEcalbescirdpipdapn te TpmnoRgAtiRes link with the requested data unit
retransmission. In a preferred example embodiment, the ARQ identifier is a

hybrid ARQ (HARQ) identifier, where a retransmitted data unit is combined with
a previously-received version of the data unit, and where the HARQ identifier is
associated with a HARQ process.

[0016] In one non-limiting example embodiment, the semi-persistent radio
resource may be associated with multiple corresponding automatic repeat request
(ARQ) process identifiers.

[0017] The association between the semi-persistent radio resource and the
corresponding automatic repeat request (ARQ) process identifier may be
communicated in a number of ways. One example is using a configuration

message, and another is using a scheduling assignment message.
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[0020] Figure 1 is a function block diagramof an exanple LTE nobile radio
communi cation system [0021]Figure 2 is a conceptual illustration of

downl i nk scheduling and rel ated operations; 100221Figure 3 is a conceptual
illustration of uplink scheduling and rel ated operations; f 0023]Figure 4
is a function block diagramshow ng a non-limting exanple of an HARQ
controller in an eNB with nultiple HARQ entities that correspond to

mul tiple UEs; 100241Figure 5 is a function bl ock diagram showi ng a
non-limting

[0018] The technology in this application finds particularly advantageous
application to communications between a base station and a user equipment (UE).
For example, a base station includes a resource manager that allocates a semi-
persistent radio resource for the radio connection, transmitting circuitry for
transmitting data units to the UE using the semi-persistent radio resource,
receiving circuitry to receive a request from the UE to retransmit one of the data
units transmitted using the semi-persistent radio resource, and a processor that
facilitates retransmission of the one data unit using a radio resource, (different
from the semi-persistent radio resource), that is dynamically scheduled by the
resource manager. The resource manager associates the semi-persistent radio
resource with a corresponding hybrid automatic repeat request (HARQ) identifier
and provides that association to the UE so as to permit the UE to use the HARQ
identifier to determine an identity of retransmitted data unit. In one example
embodiment, the HARQ identifier is a HARQ process identifier.

[0019] The user equipment (UE) includes receiving circuitry for receiving
from the base station information indicating that a semi-persistent radio resource is
allocated to support data transmission from the base station over the radio
connection. Thereafter, the UE receives data units transmitted using the semi-
persistent radio resource. The UE also receives from the base station an
association between the semi-persistent radio resource and a corresponding hybrid
automatic repeat request (HARQ) process. Preferably, the UE stores that
association. The UE stores information received in the semi-persistent radio
resource in the HARQ process associated with that resource. A transmitter sends a
message to the base station requesting retransmission of the data unit associated
with the HARQ process and previously transmitted using the semi-permanent
radio resource if it detects a transmission error. Processing circuitry, e.g., in the

UE, associates a received retransmission of a data unit dynamically scheduled on



exanple of an HARQ entity with multiple HARQ processes; 100251Fi gure 6
shows a non-limting exanple of nultiple operating HARQ processes;
[ 0026] Figures 7 and 8 are timng diagrans illustrating the problem where
the UE and eNB in sone situations can end up using the same HARQ process;
[0027]Figure 9 is a diagramillustrating comunication over a radio |ink
between two radio stations; f 0028]Figure 10 is a flow chart di agram
illustrating non-limting, exanple procedures in which
dynam cal | y-schedul ed retransm ssions of data units that were initially
transm tt ed isiadth SiflecSil HithlRE bofrBPHRIMEFRUAMESHARY Brockdoristd bRdndy the
receiving radio station;

HARQ process ID signaled in the dynamic resource allocation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] Figure 1 is a function block diagram of an example LTE mobile
radio communication system;
{0021] Figure 2 is a conceptual illustration of downlink scheduling and

related operations;

[0022] Figure 3 is a conceptual illustration of uplink scheduling and related
operations;
[0023) Figure 4 is a function block diagram showing a non-limiting

example of an HARQ controller in an eNB with multiple HARQ entities that

correspond to multiple UEs;

[0024] Figure 5 is a function block diagram showing a non-limiting
example of an HARQ entity with multiple HARQ processes;

[0025] Figure 6 shows a non-limiting example of multiple operating HARQ
processes;

[0026] Figures 7 and 8 are timing diagrams illustrating the problem where

the UE and eNB in some situations can end up using the same HARQ process;
[0027) Figure 9 is a diagram illustrating communication over a radio link
between two radio stations;

[0028] Figure 10 is a flow chart diagram illustrating non-limiting, example
procedures in which dynamically-scheduled retransmissions of data units that
were initially transmitted using semi-persistent radio resources can be identified

by the receiving radio station;



100291Figure 11 is a non-limting, exanple function block diagramof a base
station and a UE enpl oying procedures simlar to those outlined in Figure
11; and 10030l1Figure 12 is a non-limting illustrative exanple. DETAI LED
DESCRI PTI ON (00311l n the follow ng description, for purposes of explanation
and non- limtation, specific details are set forth, such as particul ar
nodes, functional entities, techniques, protocols, standards, etc. in order
to provi de an understandi ng of the described technol ogy. For exanple, much
of the description belowis provided in the context of an LIE application.
But the technol ogy described is not limted to Lit. In other instances,
detail ed descriptions of well-known nethods, devices, techniques, etc. are
omtted so as not to obscure the description with unnecessary detail.
1003211t will be appreciated by those skilled in the art that block

di agr ans h[[omln Panﬂ%fwé q9efta %Hﬂﬁdﬂhﬁ?} eXn§Ie fRhctidn Hﬁickadia%fﬁmcbf guitry
enbodyi ng the principles of the technology. Simlarly, it will be

appr eci at eepse htatiomand & U employing procedures similef ta thaseldetdjnedrin Figureuldocode,
and the liné}eﬁ'i represent various processes which may be enbodi ed i n conputer
r eadabl e um and so executed by a conputer or processor, whether or not

such conpufeeBopP’ Pr FFRFS PP i§§n6?6-ﬂ’i|rﬂiﬁhéhms§rm%‘@exam}ﬂe.fUnCFi ons of the
various elenments including functional bl ocks nmay be provided through the

use of dedicated electronic hardware as well as electronic circuitry

capabl e of DEYASLEDOESCRPRTRINPr 0gram instructions in association with
appropriate software. [00331lt wll be apparent to one skilled in the art

that ot her{oggr})]odi rTelilrtl %he following description, for purposes of explanation and non-
limitation, specific details are set forth, such as particular nodes, functional
entities, techniques, protocols, standards, etc. in order to provide an understanding
of the described technology. For example, much of the description below is
provided in the context of an LTE application. But the technology described is not
limited to LTE. In other instances, detailed descriptions of well-known methods,
devices, techniques, etc. are omitted so as not to obscure the description with
unnecessary detail.
[0032] It will be appreciated by those skilled in the art that block diagrams
herein can represent conceptual views of illustrative circuitry embodying the
principles of the technology. Similarly, it will be appreciated that any flow charts,
state transition diagrams, pseudocode, and the like represent various processes
which may be embodied in computer readable medium and so executed by a
computer or processor, whether or not such computer or processor is explicitly
shown. The functions of the various elements including functional blocks may be
provided through the use of dedicated electronic hardware as well as electronic
circuitry capable of executing computer program instructions in association with
appropriate software.
[0033] It will be apparent to one skilled in the art that other embodiments
may be practiced apart from the specific details disclosed below. All statements

reciting principles, aspects, and embodiments, as well as specific examples, are
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may be practiced apart fromthe specific details disclosed below All
statenents reciting principles, aspects, and enbodi nents, as well as
specific exanples, are intended to enconpass both structural and
functional equival ents. Such equival ents include both currently known

equi valents as well as equival ents developed in the future, i.e., any

el enents devel oped that performthe sane function, regardless of structure.
100341As explained in the background, the HARQ operation in an LIE type
system can be either asynchronous, where the HARQ process used for

transm ssi Ofig. {oeté'n@@ﬁ\%%f i;%g\ﬁeitﬁﬂ&gggfp it |G oAR e‘?@i ferfls. C OGR!

channel , or 'synchronous, rocess 1s not explicitly signaled,

but i nst eadeduivaléidRGhélnde dsoth | Gurtentldl kiowmequivilétts @k WBR 4s' @geivaleaison,
e.g., to a systemframe nunber. The benefit with a sxnchronous protocol is

t hat out - of d¢yglapediignthei ftjutes igot ame elpsaenty derelaped \thath penfrrr) the sawss
associ ated ] data unit. This is particularly inportant
in the upl |%E€%@féeéﬁ?%l%§§&}gp§’ttcf‘§gl n terms of power to achieve a high

reliabili ty[0084$1he Cot explaiabdinahe Yagkgrbind). the GARRIY loperation inameLIE
operation for the downlink scheduler is dynam c scheduling, where the base
station tralypeisystestisanhe gishers asypeheamoys,t wheree theeHARQs Brpcess bsadr &t

condi tions, needs. and Qur. Q. i .bdi . Whi di s.the UEs
have been_ arRagHvEerRr o BIRNTRE tom s LY Sietieiloh A ohuio SRR ory
dynam cal | ysymeherlshs dvlices o FRARIQSof3t iPaoséexslicitly Signaldacbutrigbtead i n
allocated to a UE, after the schedul ed transm ssion is over. The base

station al sSHARGipreness ishided to the Hming At hesyprmmisgonce-Be te ddwidteshdramsdul at ed
050k 0 U el N B RSB A 0
redundancy N&rifde@éd W Yden€ify fise Hﬂﬁngp‘roé&S daoovidted vaktnaed)trassigitted tdaga L12
control channel, together Wi th the dynam c scheduling assignnent.
unit. This is particularly important in the uplink where it is costly in terms of
power to achieve a high reliability on the control channel signaling.
10035} The main mode of operation for the downlink scheduler is dynamic
scheduling, where the base station transmits scheduling assignments to the UEs,
based on current conditions, needs, and resources, to indicate which radio
resources the UEs have been allocated for uplink transmission and downlink
reception. A dynamically scheduled resource does not persist, i.e., does not
remain allocated to a UE, after the scheduled transmission is over. The base
station also indicates how a data transmission is to be coded and modulated in both
uplink and downlink. For the downlink, where asynchronous HARQ is assumed
for an example embodiment, the HARQ process identifier and redundancy version
may be included on the control channel, e.g., the L12 control channel, together
with the dynamic scheduling assignment.
{0036} In the downlink, because the HARQ protocol is asynchronous, a data

unit retransmission may occur at any time afler the NACK feedback has been

received in the base station transmitter. Thus, there is a need to identify the
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1003611 n the downlink, because the HARQ protocol is asynchronous, a data
unit retransm ssion may occur at any tinme after the NACK feedback has been
received in the base station transmtter. Thus, there is a need to identify
the H. ARQ process for which the transmssion is nmade in order for the UE s
HARQ receiver to correctly conbine a transm ssion with the correct

retransm ssion. This is done by indicating the HARQ process in the
schedul i ng assignment on a control channel, like the PDCCH, both for the
initial dynam cally-schedul ed transm ssion and subsequent

dynam cal | y-schedul ed retransm ssions. 100371A problem w th sem - persi stent
scheduling is that there is no scheduling assi gnnment before each

transm ssion/retransm ssion that provides the HARQ process identity of the
transmtted unit sent via the sem -persistent resource. But the HARQ

recei ver Sﬁukhq i Ess%}%ha&ypgmsr@hsgg%{i&{lmaaé Hardf fér d@t@mnmt\,k(g- g. a

MAC PDU, w't persi st ent ed first HARQ transm ssion o

sanme dat a nec¢iver tb@0R8dtRocombine i transmissidrewith yheaddroseh resthnsmdssione eThis he
eNodeB does ot send a dynap sSsi gnnen ssage, and thus, cannot request
a parti culladoppp ‘E?é'@gél?? M%@ES? B‘r‘S‘FE&quﬁW&?s‘gpﬁ?@rﬂ%‘i’Wo f a data
unit. Ther ' 1 Piod : fschdduled lr8ndifBGHRr OCesses
and uses i‘?‘faﬁ%ablrl%égg're e angﬁt’ Pg@gﬁﬂtﬂ%ﬁﬁﬂﬁmﬁ@?& lljl isr?g&tﬁhe@serrlnmpersi stently
assi gned tandrssbseggsetrdynemicallgeschddded Fetmhsoissianslonl y sel ects an i dl e HARQ
process a epares to receive and,decpde data,expected fromthe eNB. |f
the UE caﬁﬂﬂgﬁode t pir?h'?’i“alw'&‘r éﬁ@ﬁpg’?ﬁs&?ﬁ“fﬁ’c&?ﬁﬁ"ﬁ dAdhas ey PPere is
no proble inbf acki i s idiNthat BesViddianheNodeB
sends a d)r/eﬁggld{g% Iafglggwglj(u%}%SW?ﬁisnggéﬁggﬁe@%ﬁi I cataf g t"%e resource,
modul at i orHARIGe meocess ddentityt of dheratransarited hmitHSED piao thes sembpesisterite

br ocess | BEUBHGE: | BRGIRS D FEENAASTH THE TRghErTBI: HERHERHARUBNRy. Chosen

process thgRdisedef of NIAIC IBHUT 8GRI th@ persistently scheduled first HARQ
transmission of the same data unit.
[0038] For a semi-persistently allocated resource, the eNodeB does not send
a dynamic assignment message, and thus, cannot request a particular HARQ
process to be used for the initial transmission of a data unit. Therefore, the
eNodeB randomly selects one of its idle HARQ processes and uses it to prepare
and transmit a data unit using the semi-persistently assigned transmission
resource. The UE also randomly selects an idle HARQ process and prepareé to
receive and decode data expected from the eNB. If the UE can decode the initial
transmission from the eNodeB, then there is no problem. But if the UE must
request a retransmission, then the eNodeB sends a dynamically scheduled
downlink assignment indicating the resource, modulation scheme, transport
format, and the HARQ process ID for the retransmission. When the UE receives
this assignment, the indicated HARQ process ID very likely does not match the
identifier of the randomly chosen process the UE used for initial reception.
[0039] In certain scenarios and under certain preconditions the UE could
identify such a dynamic resource assignment and match it to the HARQ process

used for reception of the semi-persistent allocation. However, (1) if multiple
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1003911 n certain scenarios and under certain preconditions the UE could
identify such a dynam c resource assignnent and match it to the HARQ
process used for reception of the sem -persistent allocation. However, ( 1)
if multiple processes are used in parallel, (2) if the eNodeB does not
schedul e the retransm ssion after exactly one round trip tinme (RTT) period,
or (3) if a previous dynam c resource assignnent was |lost, (these are three
exanples), the mapping is likely to be wong, leading to a | oss of the data
unit. [00401Figure 7 depicts an exanple of a problemwhere the UE and eNB

. WO ¢ . . -
Lhere are. SPROISSEn arf cueBnin MatiiidlY (e BT+ NoPeB DRRET RO illehe il 0y ¢
a TTI is indiamadRidsias afer SRy lonk Rolind'Bif RHE)R T petidded(3) ek e prévisliscat e

transm ssions, first transmssions in the HARQ processes |, 5 and 2 are
i ndi cat ed bdyrtaimic nesobesesassigndBentawas bost,dysse are/ibrse. expaplenstiedBaRMAEL isn t he

sane processe re indicated b S nd 2.. Note that the transmtter
in asynchr oﬁﬁi’é%—ﬁﬁ'{?‘?@’%ﬁl t§tarj1f‘)§5t%fcfh?§aﬁsq%wg t he HARQ process in any
gi ven or defchbF eNBF@IteY depRedThn BRAMpRISTH probRis Whed M WEahd @NBTin 6

i ndi cated by a question mark (?) because the HARQ process identity is not
known by t hsomdEsituatiens tareendARusiagthe same $ARQf processi In Higuoe o dacse gre

indicated Qy 4') |s made,.i.e. t E i ved i . j. t
[ ndi cati ng ¥ ARISSIORAGS Tl A7 bt seen deBSITRLs FTASRRIGRE T,
that this rgl ijaRsisgiPRr@ItRTRE! OTHe | dhshétp boka Sidioal oRarsniiksiohsti it  he

question mark since In this special case there is no other HARQ process
out st andi ngtraSmisdionssinpls BiARQ@ pravessdsdl, SRndR yerindicated by shpnwabers 1, 5,

onl y 1Tt AR BFORELS REFTHETOR Rabpevpr dRsRo e el By
process | Dsauﬁg'ﬁ’f.‘gNHéQﬂat the 1§ RIER 5P h§yricArdriofly HARQ i @eptsaidiad @ g HARQ

process has en negatively acknow edded by the UE, a dynam c_ downl i nk
assi gnnment ithed HARQ@nproaesseir angniiven oordenr The B cegkesyiat Berpjapesisiedbess | D

4 t d.to th t 1 SSi [
associ at od VRERYY durie JERct SPORREAdE! S RERIR Rt kDA E HERARD o |
Wil not bepRassiBbit) & néiiovn SR UASURT WRen WY RARGARZpEmisi obililhe eNB

used for a Transm ssion. Fi gure 8 shows the case where the eNB intended to
transnit dyH#ARQ aproyessclimdicated taud) in madrQisr dheJdE areceived caseledyling he

nunber 4), but the schedulin i gnnment . was paot i b When
the UE recefSpanment "é‘gﬁ%‘lﬂﬂ # m@s&:@%m{ssp&ﬁ){ ﬁg&ﬁg}tepl\é%gsﬁci %I’stlthgﬂ‘)%f% a?—iARQ
process 4 (oG @ @Y AtrhnshiiSiolEnddtiRforlgodREBaNgNiskioA mekedrdth tei on
with the seni-persistent transm ssion indicated by a question mark. The
result is aquestbhnamtlorsinge imcthisi spesiaintcastatheranist 8ot pter LARRRPGESFesul t s
$hoexcessi Vgugtealng%'g. So it is possible for the UE to correctly combine a retransmission

with a transmission done in a semi-persistent resource, but only if the HARQ

processor in the UE keeps track of the all the HARQ process IDs being used. In

the example in Figure 7, because no other HARQ process has been negatively

acknowledged by the UE, a dynamic downlink assignment indicating a

retransmission for the process with HARQ process ID 4 must correspond to the

expected retransmission of the data unit associated with the semi-persistent

assignment.

13



10042] To overcone these difficulties, each sem -persistent resource
allocation is associated with a particular HARQ process. The eNodeB
includes an identifier of the associated HARQ process in a nmessage it sends
to the UE. For exanple, that nessage could be a configuration nessage,
(e.g., aradio resource control (RRC) configuration nessage), that
configures the sem -persistent allocation of transm ssion (or reception)
radio resources. Alternatively, the association may be conveyed along with
a schedul i ng assi gnnent nessage or sone ot her suitable nmessage. [0043] The
HARQ receiver, e.g., the UE in the exanple where asynchronous HARQ i s used
in the downlink, stores that association. As a result, the HARQ receiver
can determne if the HARQ process identifier for a dynam cally schedul ed
HARQ retransm ssion corresponds to the HARQ process identifier for an

initially fopappm tt ekt GRnfany bdsesS RMWilV hét Be PBEEiIbIRToS ki BTE! to' @aaiine, 1. e.,
sent without a resource schéduling assignment. 100441Figure 9 is a general
di agr am i | whshrBARQ posessulD dxt eNB wedrfon artsatismissiork  Figurne 8nshows thadi o

Sttt one, SN s DSHSR S AR e e BTl ARG, anc o
user equi ppRBéss(4ahdicale@ BEHYRLAGYr ), Skut'RY seRediilinG! £dighthent Yvak afbit0
~ received by the UE. When the UE receives the scheduling assignment for the

retransmission of HARQ process 4 (indicated by 4°), the UE tries to combine this
retransmission with the semi-persistent transmission indicated by a question mark.
The result is a combination of two different data units that ultimately results in
excessive delay.
[0042] To overcome these difficulties, each semi-persistent resource
allocation is associated with a particular HARQ process. The eNodeB includes an
identifier of the associated HARQ process in a message it sends to the UE. For
example, that message could be a configuration message, (e.g., a radio resource
control (RRC) configuration message), that configures the semi-persistent
allocation of transmission (or reception) radio resources. Alternatively, the
association may be conveyed along with a scheduling assignment message or
some other suitable message.
[0043] The HARQ receiver, e.g., the UE in the example where
asynchronous HARQ is used in the downlink, stores that association. As a result,
the HARQ receiver can determine if the HARQ process identifier for a
dynamically scheduled HARQ retransmission corresponds to the HARQ process
identifier for an initially transmitted data unit sent via a semi-persistent resource,
i.e., sent without a resource scheduling assignment.
[0044] Figure 9 is a general diagram illustrating communication over a
radio link between two radio stations 1 and 2. Although the technology described
as particular application in cellular radio communications between a base station

and a user equipment (UE), the technology also may be applied in any radio
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conmmuni cation between radio stations that enploy an ARQ type protocol,

sem - persi stent resource allocation, and dynam cal |l y-schedul ed

retransm ssions of data units. [00451Figure 10 is a flowhart diagram
illustrating non-limting exanple procedures in which dynam cal |l y-schedul ed
retransm ssions of data units that were initially transmtted using

sem -persistent radi o resources can be identified by the receiving radio
station. In step S I, a radio connection is established between two radio
stations 1 and 2. A sem -persistent radio resource is allocated to transmt
data units @Mﬁfnuhﬁﬁnéﬁﬁb@v&ﬁ r}a%tgta{bn@%apmﬁ&by alAREEYpeAbRIcSE, 8-
resource is associated with an ARQ process for this connection (step S

I f there i spasivsstirdsonrcawdlocativan and elypamicafgrsshetuder rotrapsmissions of alataadl o
connection, then the association can be established with nmultiple ARQ

processes. 9B r ecei vi ng radi o station requests a retransm ssion of one of
the transni fgogd] dat a pyaireSpo AN ﬂto%h?l Aiafe IRGurkeRel ﬁoﬁw.tlﬁg @g&nsmts
the data unit u5| ng a dynam cal edu radi o resource

receivi ng rpicedwestin onhiok e@mhnd:albrsmed‘dbd aetrpngnissioss of edmaabimts hhdt in

step S3 to determ, what data unit has heen dypam cal | d
Shert ransm DEF A BASriEO NS oI mpri eI Fesanised fop Deddenified © Y

non-1imting, tﬁé%w.ﬁn;%grd %tthOCih Qteggsmoxfadﬁ) Qa.%fec%ﬁtlk%@mh@d UE
enpl oyi ng pr'ocedures s ar to those outlined in Figure 10. A base
station conbewcertws radierstationsdiandi it ér Semviepérsisientitadib edsovive islalocdteédie 58

with a UE. The base stati.on mchude a controller Isagd nterface 42 for
connect i on otraninib daigopRits,pYRErthe Jadio conmestion, £si6R, HRfPlapersisisaher 44

i ncl udi ng | g i nk
scheduler 5 anlgé Esoév\gﬁ?l ?\lt{g @e%ﬁé@ggﬂgﬂﬁﬁ%ﬁggé%@o Sﬁq I]Etﬂépé

t ranscei ver issneedifer mord uhah loae séfli-parsisesip proviekd &)rfa(radnbtwnmmmL theopbc ation
of the base stati.on. thou&hsglﬁae radlug,reslﬁgéces are cri bed herde in
terms of TTSOCIptiofEan b gHablished avith,mulliple ARQArGeeSseh, r I Hyrarfving Py o
unit may beghfians Jegﬁga r@YflsndidGor 3¢ dhe PF ?Hé( ﬁﬁﬁ‘ itfed' dath lei’l@ 4pdlghst ood

t hat ot her types o I 0O resources nay a ocat ed including for
exanpl e di f fraisenittirfy edicestaii@s rarmtsmits dhé ﬂeuaexmt mnglagimnamleahlycsa;hmhdc& as is
the case in orthogonal fre y..divisignal nultiplexin O .100471The
buf f er _mana@él‘o A9SQUKES &ﬁ%qglggl cThe, reehiying: T%‘g‘) Lﬁ%f‘mdéﬁ% gl?ﬁtm%ﬁﬁ'aﬂﬁ? of an
appropr ! al Cpfyfis] g%sté%ﬂéﬁé'a in’fep @&hdétgmtu% Ak B8t undithds bea® apfdratcglly Wi th a
respective adl 0 nnectron to a stores user data destined for

t ransni ssi oretanstiteddywhe inaksritting radio stiation (itep 8ake 56 to the respective
UE. Data fr e UE huffers.is assgnbled into,a_transm ssion data n|t and
provi ded tof)qr&'ért ransf"dé‘r'r\?ei;l i apngn-limiing, cxample funglion anl]ﬂ ﬁﬂ%?'?’a? radio
resource top ropr Hgﬁ‘ﬁ% ] %9 498 ¢ t he
radio r esour%S%G\Srfagﬁ’(ilxgée?’fB 449‘5%#@0?’ scgéd\}géé)%gﬁ%a# gg’?’f%r. sle]ﬁ?gnventlélgﬁal

el enents suth asbavelsitaatdneccmmudma(es)ovemrphdnbnnue(fayt; iralicaterhal( tp, dash liner (s),

t t | k dul 50
brovi di ng. cshante & Lo Toe base SRsiamn i Tess, hEopRPlIEH AL ERAS A6l o
transm t daé(ﬁufé@ﬁ&? td bk H'FJré th rola&*lﬁ HR66 ALY a DOfref ANaHalBK 44

schedul er 52 1's responsible tor sc ng dynam c radi o resourcé
assi gnment sinichudling hrultipke UE abufbers t 46,t heresanice umabiigerad8 wiakcludigg uplink

est abl i shi ng sem persistent radi o resour al | jons where_apprqpri ate,
e.g., to sufﬁi’@F‘P eg e} j a5 dewaink s scheduler ggr aPP?'f’%b IPEEPTAr fS? rﬁ"a

Sem - per si S&Exﬁk&g@%r %@k&ﬂ?@lér% i T&Fgﬁ‘éﬁ@e HbP é@éraﬁ‘bge&tfoﬁs«ﬂoﬂé' bl e
for managi ng processes and may Inc mul tiple ntities such as
t hose descr bisedstatiorc oAjlthoagh olre vadibd résoymeessard descrited here in terms of TTlIs,

frames, sub-frames, or as time slots during which a data unit may be transmitted
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[00481The UE at the bottom of Figure 11 includes a supervisory controller
70, a radio transceiver 62, a resource allocation nmenory 64, a buffer
manager 70 with one or nore UE buffers, and a HARQ processor 74. The HARQ
processor 74 manages the HARQ process(es) being enployed by the UE. The UE
buffer(s) 70 stores the data units that are to be transmtted via the
transcei ver 62 using an appropriately-allocated radio resource. The
resource allocation nenory allocation nenory includes scheduling
information 66 received fromthe uplink and downlink schedulers 50 and 52
fromthe base station. Resource allocation nenory 64 al so stores one or
nore associ ations between sem -persistent resource allocations and HARQ
processes 68. The HARQ processor 74 uses these stored associations in order
to match the HARQ process for a dynami cally schedul ed, retransmtted data

unit with §he diARRiIPIMETS®, it05 8 blalndettidd mbﬁbtth?gé@iorirahbyesImmm tted
using a sem - persi stent radi o resource. Once the processes are

proper |y nmeylalse tsyallogatediincluding Hrreapinle diffasent7iiequgncies pnd/epdifferent

that “dat a HRETRDOa TRl &S 15 P2 RAE FacBhfod el Aol Bhufigrg,

exanpl e ofmhnmémﬁg(@ppmm ogy could work in practice. A sem -persistent
assignment, shown as an arrow (A) pointing to a hatched |ined block, is set

for subfral@®4dy TTI Theduéfer paoages 440naindes logicdor direqting ysgr dgiaédnteiandi n t hi s

si mpl e exanpl &, .each TT] 1S ass e,l ec. ~Ih en - I st ent
schedul i ngg‘gsogiaa_r?ﬁﬁmpniaée FEHE |°§| E{I@‘gr %ﬁ)'agﬁ(?lhg?éﬁe !%gffg\'s qréﬁgﬁqcﬁagé,f\gfté: , an
RCC reconf i giespictiof ARES adfnedtonn té £UEARRd PRbF9Tuer axta! destited Chori n t he
case of voice over IP (VolP) mght be a period of 20 nmsec. Thus, TTI 3, TTI

3 + N (whefransptission en Hindawmlink oner Vag #ir intarfpceed6 1o tguaspective REecPataTel 3 +

2 N TTI 3+ eeal @ the 1.-bersi st ent. ass| [eSQLULr ra
downt i nk UEop R U Burdh s EmBERnA BibERiof SRR IRREnAFPYEER By " so
be conveyegardseeivere SGE 6 tRnSMESRAC usiAB! a®VSprépiAet fadlo GBsyiR&d toethg. , the
PDCCH, indicating that the assignnent is sem -persistent. The control

channel apinpsenritte JBs s Tese iradiphresoweasare mawagedt by dhe gniliopegsonepeent

Ceoeue-n mafageE R e ehbentas LOF, Hnbdse FORAHLOG EREHE e *°
assi gnnentsuitableeyioder(Hy dnkystifka@y, sitahnas), tﬂﬁer%),r e&tileksion @irrdiliy, i @nal

schedul i ng_assi gnment i s needed durig&ea Vol ? burst. Thus, there is no
schedul i ngThes #plinknsehedulers 49 ds rigspansibde dor tprevidipgodynamigdiadia sepobtcean ar r ow

206119 SRUNAE G LML E Aol P ALy b SRR (B
station. The downlink scheduler 52 is responsible for scheduling dynamic radio
resource assignments from the base station to the various UEs as well as
establishing semi-persistent radio resource allocations where appropriate, e.g., to
support services such as voice over IP that benefit from semi-persistent resource
allocation. The HARQ processor 54 is responsible for managing HARQ processes
and may include multiple HARQ entities such as those described in conjunction
with Figures 4 and 5.

[0048] The UE at the bottom of Figure 11 includes a supervisory controller
70, a radio transceiver 62, a resource allocation memory 64, a buffer manager 70
with one or more UE buffers, and a HARQ processor 74. The HARQ processor
74 manages the HARQ process(es) being employed by the UE. The UE buffer(s)

70 stores the data units that are to be transmitted via the transceiver 62 using an
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base station is also transmtting dynam c schedul i ng assi gnnments.
Dynam cal |y schedul ed assignnents are shown in Figure 12 at TTls 10, 11,
and 12 indicated by the three downward arrows | abeled as (C) pointing to
solid black blocks. In this sinple exanple, each scheduling assignnent
schedul es one data unit in an HARQ process that is identified in the
dynam ¢ schedul i ng assignnent. The data unit , transmssions in Ins 10, 11,
and 12 are all ocated HARQ processes 1, 2, and 3, respectively. 100511Assune
that the HARQ process 0 was associated with the sem - persistent assignnment

Ti'! 3 indi ﬁ@ﬁizﬁﬂy(z@o azIB%die%%%‘ﬁ}c%E 92 reSouREQNISIHoR %eg{;ﬁ#ﬂlﬁgé@n‘?h

stores the oci ation Bet ween the sem -persistent resour N*20ns,
where N = Omefior®, includes aschHeduimgHARQY mattoe 6 @eceivedl iftdmistheauplink iandFi gur e

13 assunes that the base station sends a Vo] P data unit during_ the,
seni - per si séfé\mh'ﬂ<7fclgedafﬁ!st5&atanfih%2 Uporaotbs brse statian.y eResouwses rgaye@th As a

result, theybh 3¢ee%1d n%blfrs toﬁ@%l‘ nidte E{}g)ﬁ%"i’igg? g&%&éeﬁ '%gﬁrrf\-. %gﬁséénq ‘}QéoYuh{élgyt hat

NACK, the base retrans at sane uni ynam ca
schedul ed TdllocafomsandHIARQ grtodegsdshes. dThe WX RQaproowssat 74 ses thesy stafdder , t he

next Vol P packet is then transmtted in TTI 23 as indicated at .
100521For t uRsSPEIRjons; iconder |t srpich mﬁM&Qéﬁﬁvﬁsléefpsiasgbéﬁ!m?aﬂb'oiﬁ*éga*m 3 and

t he HA i At
i or mat orfaanmiel GuABREAL M Bt RATRIIFplcst by & BUPRER i MaliRll ! ' O
schedul ed daamsmitted using tarseniJrsistasti radioadsaircé. DDnce de0OHARE pocesses bARQ

process O identifier, the UE knows that the data unit received | s actually
the retranspiopeily maighedriy thardlphe AR Qupragesson it imaynsafi-eembing glifferspt 15| 3.

Because of H&ﬁﬁdaﬂ\%? QetsiddsYtthd Yine data unit as part of decoding that data unit.

[0049] Figure 12 is an illustration to demonstrate one example of how this
technology could work in practice. A semi-persistent assignment, shown as an
arrow (A) pointing to a hatched lined block, is set for subframe or TTI 3 and
repeats 20 TTIs later at TTI 23, wherein in this simple example, each TTI is
assumed to be 1 msec. That semi-persistent scheduling assignment is configured
via higher level signaling, e.g., an RCC reconfiguration message, with a certain
period or cycle, which in the case of voice over IP (VoIP) might be a period of 20
msec. Thus, TTI 3, TTI 3 + N (where in this non-limiting VolIP example, N equals
20 msec), TTI 3 + 2 N, TTI 3 + 3N, etc. are the semi-persistent assigned resources
for a downlink UE transmission. The semi-persistent resource assighment may
also be conveyed to the UE by a message sent over a control channel, ¢.g., the
PDCCH, indicating that the assignment is semi-persistent. The control channel
approach is assumed in this example. Once this semi-persistent assignment is
received by the UE, the UE is scheduled one every 20 msec to receive a data unit
from the base station until the semi-persistent assignment is revoked by the base
station. As a result, no additional scheduling assignment is needed during a VolP

burst. Thus, there is no scheduling assignment message received on the PDCCH
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UE knows that the HARQ process 0 corresponds to the data unit sent during
TTI 3. 100531l n one non-limting exanple enbodi nent, the allocation of HARQ
process identifiers for the sem -persistent allocation can be restricted to
process identifiers that are not used for dynam c scheduling of data. For
exanple, if there are a total of HARQ processes, dynam c schedul i ng m ght
use HARQ process identifiers 1...6 and the sem -persistent allocations can
be made with HARQ process identifiers 7 and 8. 100541l n summary, the

t echnol ogy descri bed above al |l ows asynchronous HARQ to be used in a
reliable way for sem -persistent scheduling, increases the throughput, and
mnimzes the error cases for sem -persistent scheduling. (0055] None of the
above description should be read as inplying that any particul ar el ement,
step, range, or function is essential such that it nust be included in the
clainms sc : p J4e G ef2y i by the
cl ai ns. Tﬁ@ é?(ti[g‘ﬁtwo %é(g\gl%t@%@%@ﬁ?ﬁdgqge@%@df?‘yﬁ){ﬁﬁﬁ'ﬁg&gﬁi‘r&gzﬂstgd in

t he al | oweiddicheedns (Bnd their equivalents. Al structural and functiona

equi valents to the el enents  of tg$ above-descri bed preferged enbo Lnent

that are k98 to t Hoseniwncton Wil jhes Remi-peraisteRb regauIch assignmeily

i ncor por at I G i en by the
present cl %sﬂ}%%ﬁé%sei ﬁgﬁﬁ%o @E%gggﬁr@ﬂgggsgﬂ evitsc':e mﬁ?ﬁgd to
addr ess eastheduled esstgnmentoiresstowalgFigure 1 Dat Tdly &0, Hy ahthd2 pndisaied by

i ti ,  f it tob d by the t.. i No c¢lajmi

|t ended e s devpaash A= dabnehss (Ropainong it s8id blck R, Tndhlt for-
n t f n . . i t ’

or ~step gﬁlpl@é)&lﬂ@@,%cfgéﬁé&%hﬁgégs’cl]%r?ﬂelﬁ g@g&f&%@érﬁm Jagﬁln‘ﬁ'i ¢ arf AARENENT, Or

step in this'speciticatron i1s 1 to icated to the public
r egar dl essprotessithathisrideméfiehiio dierdytamit saheduding cassiganment., The datepnits

recited in the clains. CLA M5 b
transmissions in TTIs 10, 11, and 12 are allocated HARQ processes 1, 2, and 3,

respectively.

[0051] Assume that the HARQ process 0 was associated with the semi-
persistent assignment TTI 3 indicated at (A). That association is provided to the
UE which stores the association between the semi-persistent resource TTI 3 +
N*20ms, where N = 0, 1, 2, ..., and the HARQ process 0. The illustration in
Figure 13 assumes that the base station sends a VoIP data unit during the semi-
persistent TTI 3 and that the UE does not receive it correctly. As a result, the UE
sends a NACK back to the base station. After receiving that NACK, the base
retransmits that same VoIP data unit during dynamically scheduled TTI 22 as
indicated by the downward arrow at (D). Thereafter, the next VoIP packet is then
transmitted in TTI 23 as indicated at (B).

[0052] Fortunately, the UE knows that the semi-persistent resource TTI 3
and the HARQ process 0 are associated because the UE stored that association
information earlier. That way, when the UE receives the dynamically scheduled
data unit at TTI 22 (indicated at (D)), along with the HARQ process 0 identifier,
the UE knows that the data unit received is actually the retransmission of the

HARQ process 0 data unit initially sent at TTI 3. Because of that association, the
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| . A nethod for conmunicating data units between radio stations over a radio
interface, where a radio conmunications link is established between the
radio stations and a sem -persistent radio resource is allocated to support
data transm ssion over the communications |ink, the nmethod being
characterized by: associating the sem -persistent radio resource with
a correspondi ng automati c repeat request (ARQ process identifier;
requesting retransm ssion of a data unit transmtted using the

sem -persistent radio resource, where the data unit is retransmtted using

a dynam cal ﬁﬁl\‘fs rad } A o f,

sem - per si s%nt radi (%Ffrﬁgs%ﬁ\gg,b‘e%%%g&%Oﬁ%tggyibdjh?e&iigh%rsé@g%ﬂ%dglt ifier
associated g4th the sem -persistent resource to match a retransm ssion of a
data unit dynanically schedul ed on the communications link with th

requested dH083Lini t rlBangrianlimite exampleicabadiment. the allegation of Fe{Q n the
ARQ process tfdgﬁt?ﬁetr% %o?t@ngéﬁgaéﬁgeﬁmatfoﬂe&w fd FsuRld go process
i netd W

retransm’tt_Blg)(2 ata unit i's co a previously-received version of
the data unidentifiérs tHdi@arembdhestdifor dymimicAchedudingiof datee FhRQangdetil thees

identifies a HA rocess. 4. The nethad in any of .the pr i ng cl ai s,
wherein t hea@e?ﬁﬁgpgpg HARRQ: progassss.r @@@mlééch?ﬁlliﬁ‘ﬂe@l@tﬂs&nﬁm iPEPFCES ne

interval, f upf , L ' ' 0 it ta
uni ¢ over ¢ I@TRaErROFT SoR 4R, sbonEBerd)sling HdcBor bl dedmiadBolth HARS
cl ai s, furf,meg,sqaémrﬂ@g M@nadgsoci ati ng the sem -persistent radi o resource

with multiple correspondi ng automati c repeat request (ARQ process

i denti fi er s[0054) In summary, the technology described above allows asynchronous
HARQ to be used in a reliable way for semi-persistent scheduling, increases the
throughput, and minimizes the error cases for semi-persistent scheduling.
[0055] None of the above description should be read as implying that any
particular element, step, range, or function is essential such that it must be
included in the claims scope. The scope of patented subject matter is defined only
by the claims. The extent of legal protection is defined by the words recited in the
allowed claims and their equivalents. All structural and functional equivalents to
the elements of the above-described preferred embodiment that are known to those
of ordinary skill in the art are expressly incorporated herein by reference and are
intended to be encompassed by the present claims. Moreover, it is not necessary
for a device or method to address each and every problem sought to be solved by
the present invention, for it to be encompassed by the present claims. No claim is
intended to invoke paragraph 6 of 35 USC §112 unless the words “means for” or
“step for” are used. Furthermore, no embodiment, feature, component, or step in

this specification is intended to be dedicated to the public regardless of whether

the embodiment, feature, component, or step is recited in the claims.
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6. The nethod in claiml, further conprising comrunicating the association
bet ween the sem -persistent radi o resource and the one or nore
correspondi ng automati c repeat request (ARQ process identifiers using a
configuration nmessage. 7. The nmethod in claim1, further conprising
communi cating the associ ati on between the sem -persistent radi o resource
and the one or nore correspondi ng automati c repeat request (ARQ process
identifiers using a scheduling assignment nessage. 8. The nmethod in claim
1, wherein the radio stations include a base station (18) and a user

equi pnrent (20). 9. Base station equipnment for communicating data units
with a user equi pnent (UE) (20) over a radi o connection established between
the base station (18) and the UE, conpri sing: a resource manager (48)
configured to allocate a sem -persistent radio resource for the radio
connectiongpLApMS transmtting circuitry (56) for transmtting data units to
the UE using the sem -persistent radi o resource; receiving circuitry

(56) confi?ured to receive a request fromthe UE to retransnmt one of the
dat a uni t st r arf mathedgfor spmgnumeatiog fatayanitsi betwean radig satiensqyecaradio 5

b Dcessor @?e‘ﬁac&o%&%”{\ SS’diBOchﬁllﬁ}JHc%ﬁ‘ﬁ% {iﬁﬁ gé"}%})ﬁﬁle‘a”b&(weéﬁ%é’%igat a unit
g a radi 0 resource dynam cally schedul ed” by the Tesource nanager,

stations and a semi-persistent radio resource is allocated to support data
transmission over the communications link, the method being characterized by:

associating the semi-persistent radio resource with a corresponding
automatic repeat request (ARQ) process identifier;

requesting retransmission of a data unit transmitted using the semi-
persistent radio resource, where the data unit is retransmitted using a dynamically
scheduled radio resource that is different from the semi-persistent radio resource;
and

using the ARQ process identifier associated with the semi-persistent
resource to match a retransmission of a data unit dynamically scheduled on the
communications link with the requested data unit retransmission.
2. The method in claim 1, wherein the ARQ process identifier is a hybrid
ARQ (HARQ) identifier and a retransmitted data unit is combined with a
previously-received version of the data unit.
3. The method in claim 2, wherein the HARQ identifier identifies a HARQ
process.
4, The method in any of the preceding claims, wherein the semi-persistent
radio resource includes a transmission time interval, frame, subframe, or time slot
during which to transmit a data unit over the radio interface.
5. The method in any of the preceding claims, further comprising associating
the semi-persistent radio resource with multiple corresponding automatic repeat

request (ARQ) process identifiers.

20



wherein the base station equipnment is further characterized by: t he
resource manager being configured to associate the sem -persistent radio
resource with a corresponding hybrid automatic repeat request (HARQ
identifier and to provide that association to the UE so as to permt the UE
to use the HARQ identifier to determne an identity of retransmtted data
unit. 10. The base station equipnent in claim9, wherein the HARQ
identifier is a HARQ process. 11. The base station equipnent in claim1l0,
wherein sem -persistent radi o resource includes a transm ssion tine

interval, fgame,naUllsais, c%mti,'@ﬁtﬁl:xﬁ’_%%rﬂgrg%iﬂg cMiéa@ingrtﬁ@%ngtcia@iog?t a

uni t over.t le radl o connect on. e-station eq |prrent In alm
10, wher ei nbdtiveer @fOsENGiperEisREEFadi6 resuiireeunddhé @nassromosd eortrésponding

Sem - perst S;uetgéatri? gpgatrrgélﬁ:gtr (CP?RX)M) tppOcrgstl itdIeEtlifelerg (l))girngsapc%gﬂig&%tigﬁ\%%s gg%(.:esses.
7. The method in claim 1, further comprising communicating the association
between the semi-persistent radio resource and the one or more corresponding
automatic repeat request (ARQ) process identifiers using a scheduling assignment
message.

8. The method in claim 1, wherein the radio stations include a base station
(18) and a user equipment (20).
9. Base station equipment for communicating data units with a user equipment
(UE) (20) over a radio connection established between the base station (18) and
the UE, comprising:

a resource manager (48) configured to allocate a semi-persistent radio
resource for the radio connection;

transmitting circuitry (56) for transmitting data units to the UE using the
semi-persistent radio resource;

receiving circuitry (56) configured to receive a request from the UE to
retransmit one of the data units transmitted using the semi-persistent radio
resource;

a processor (54) configured to facilitate retransmission of the one data unit
using a radio resource dynamically scheduled by the resource manager,

wherein the base station equipment is further characterized by:

the resource manager being configured to associate the semi-persistent
radio resource with a corresponding hybrid automatic repeat request (HARQ)
identifier and to provide that association to the UE so as to permit the UE to use

the HARQ identifier to determine an identity of retransmitted data unit.
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13. The base station equipnment in claim210, wherein the transmtting
circuitry is configured to transmt the association between the

sem - persistent radi o resource and the correspondi ng HARQ process using a
configuration nmessage. 14. The base station equipnent in claim210, wherein
the transmtting circuitry is configured to transmt the association

bet ween the sem -persistent radi o resource and the correspondi ng HARQ
process using a scheduling assignnent nessage. 15. A user equi pnent (UE)
(20) for comunicating data units with a base station (18) over a radio
connection established between the UE and the base station, conprising:
receiving circuitry (62) configured to receive fromthe base station
information indicating that a sem -persistent radio resource is allocated
to support data transmi ssion fromthe base station over the radio

connect i onypandrhd gaRadifn ec@ﬁph@mnvaamb?ml@' dif the Pﬂﬂ(@gﬁ&ﬁiﬂ&iigg t thﬁe

sem -persistent radi o resource; the UE being characterized by:
recei vi ng HARQiprogesbei ng configured to receive fromthe base station an

associ ati on, betyween the sem -persistent, radjo resource and a correspondi ng
hybr i d aut Shat i L OB staies cabiProeRReY clairB ol swherein Semi-persistent radio

resource includes a transmission time interval, frame, subframe, or time slot
during which to transmit a data unit over the radio connection.
12.  The base station equipment in claim 10, wherein the resource manager is
configured to associate the semi-persistent radio resource with multiple
corresponding HARQ processes.
13.  The base station equipment in claim 10, wherein the transmitting circuitry
is configured to transmit the association between the semi-persistent radio
resource and the corresponding HARQ process using a configuration message.
14.  The base station equipment in claim 10, wherein the transmitting circuitry
is configured to transmit the association between the semi-persistent radio
resource and the corresponding HARQ process using a scheduling assignment
message.
15. A user equipment (UE) (20) for communicating data units with a base
station (18) over a radio connection established between the UE and the base
station, comprising:

receiving circuitry (62) configured to receive from the base station
information indicating that a semi-persistent radio resource is allocated to support
data transmission from the base station over the radio connection, and thereafter,
to receive data units transmitted using the semi-persistent radio resource;

the UE being characterized by:

the receiving circuitry being configured to receive from the base station an
association between the semi-persistent radio resource and a corresponding hybrid

automatic repeat request (HARQ) process;

22



transmtting circuitry (62) configured to send a nessage to the base
station requesting retransm ssion of a data unit that was previously
transmtted using the sem -persistent radio resource; and processi ng
circuitry (74) configured to use the HARQ process associated with the

sem -persistent resource to identify a received retransm ssion of a data
unit dynam cally schedul ed on the radi o connection with the requested data
unit retransmssion. 16. The UE in claim15, wherein sem-persistent radio
resource includes a transmssion tine interval, frane, subframe, or tine
slot during which to.transmit a data unit . over the radiq i [f 17,
The UE T n cl ai m SesRileRR s T BrlRia 8 Sind ¢ RpfsPeecdgt Bnetiiiop

recei ve frofgubfingasfasdnfibdion ofA dueS At Mdi Wasosevidastytthdsmeiied RRAS tisd ent
radio resource and nultiple correspondi ng HARQ processes. 18. The UE in

cl ai m 15, wermieparsistent radaiesourge;dindcuitry is configured to receive fromthe
base station a scheduling_ assi nt ssage that j des the assocjation
between the seniPiBEFSIét Fﬁut%gﬂ{}%w&fﬁ%@&amp ﬂ}?e%d@foﬁ?ﬁ? associa d

cor r espondi {ghHARReRIi-PeRERER resokfee 10)fdeHbify A reb@ved FetranshisRinof B&data
receiving circuitry is configured to recei've fromthe base station a

confi gur at i onit dysamigally sehedutes] omi¢lse tadio gopnesitian with it mguesteddata unit

sem -persistent radi o resource and the one or nore correspondi ng HARQ
processes. TOEMSHRESE in claim 15, further conprising nenory for storing

the associ ajson PRI WIehn tdMins 881 WRESh Sdeffilperdstet FRRO HesRir@thchits04 nore
correspondi ng hybrid automatic repeat request (HARQ processes.
transmission time interval, frame, subframe, or time slot during which to transmit
a data unit over the radio interface.
17. The UE in claim 15, wherein the receiving circuitry is configured to receive
from the base station an association between the semi-persistent radio resource
and multiple corresponding HARQ processes.
18.  The UE in claim 15, wherein the receiving circuitry is configured to receive
from the base station a scheduling assignment message that includes the
association between the semi-persistent radio resource and the one or more
corresponding HARQ processes.
19.  The UE in claim 15, wherein the receiving circuitry is configured to receive
from the base station a configuration message that includes the association
between the semi-persistent radio resource and the one or more corresponding
HARQ processes.
20. The UE in claim 15, further comprising memory for storing the association

between the semi-persistent radio resource and one or more corresponding hybrid

automatic repeat request (HARQ) processes.
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