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5  The exemplary and non-limiting embodiments of this invention relate generally to
wireless communication systems, methods, devices and computer program products
and, more specifically, relate to techniques used with semi-persistent resource

allocation and hybrid automatic repeat request techniques.

10 BACKGROUND:

Various abbreviations that appear in the specification and/or in the drawing figures

are defined as follows:

ACK acknowledgement
15 aGW access gateway
BCH broadcast channel
CCH control channel
CDM code division multiplexing
DL downlink
20 DTX discontinuous transmission
eNB EUTRAN Node B (evolved Node B)
EUTRAN evolved UTRAN
FDD frequency division duplex
FDMA frequency division multiple access
25  3GPP third generation partnership project
HARQ hybrid antomatic repeat request
LTE long term evolution
NACK negative acknowledgement
Node B base station
30 OFDM orthogonal frequency domain multiplex
PDCCH physical downlink control channel
PHY physical (layer 1 or L1)
PS packet scheduler
RRC radio resource control (layer 2 or L2)
35 RV redundancy version
SCCH shared control channel
SC-FDMA  single carrier, frequency division multiple access
SEN system frame number
TBS transport block set
40  TFI transport format indicator
TTI transmission time interval
UE user equipment



EUTRAN evol ved UTRAN FDDf i equency di vi si on dupl ex FDVAfrequency di vision
mul tiple access 253GPFthird generation partnership project |1ARGhybrid
automati c repeat request LTEl ong term evol uti on NACKnegati ve
acknow edgenent Node Bbase station 30 OFDMbrt hogonal frequency domain
mul ti pl ex PDCCHphysi cal downlink control channel PHYphysical (layer 1 or
L1) PSpacket gghedul er JpRek adi o resource control (layer 2 or L2) 35
RVr edundancy VEIRANN  universal terrestrial radio access network

VoIP voice over internet protocol

5 A proposed communication system known as evolved UTRAN (E-UTRAN, also
referred to as UTRAN-LTE or as E-UTRA) is currently under development within the
3GPP. The current working assumption is that the DL access technique will be
OFDMA, and the UL access technique will be SC-FDMA.

10 One specification of interest to these and other issues related to the invention is 3GPP
TS 36.300, V8.2.0 (2007-09), 3rd Generation Partnership Project; Technical
Specification Group Radio Access Network; Evolved Universal Terrestrial Radio
Access (E-UTRA) and Evolved Universal Terrestrial Access Network (E-UTRAN);
Overall description; Stage 2 (Release 8), which is attached to the priority document as

15  Exhibit A .

In wireless communication systems where control channel resources are limited, such
as in LTE, it is desirable to provide optimizations to improve the utilization of the
control channel resources. One optimization technique involves some type of

20 persistent or semi-persistent allocation of transmission resources. This technique
assigns the resources for transmission in the DL or UL for a longer period than one
transmission (e.g., the resource(s) may be assigned for use by a UE for a number of
time (transmission) periods. In the LTE system it has been agreed that semi-persistent
scheduling will be used.

25
VolP traffic is one type of traffic for which persistent or semi-persistent scheduling is
desirable. Reference in this regard may be made to R2-070188, "Scheduling for
VoIP", Siemens Networks, 3GPP TSG RAN WG2#56bis, Sorrento, Italy, 15th-19th
January 2007, which is attached to the priority document as Exhibit B. In general,

30  persistent scheduling implies that a resource pattern is assigned to a UE for a
relatively long period of time, without the need for continual scheduling grants over
the L1/L2 control channel. With persistent scheduling, a VoIP UE is allowed to use

the allocated physical resource blocks once every 20ms, as depicted in Figure 1.
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The main advantage of persistent scheduling is that DL or UL scheduling grants do
not need to be transmitted for each VoIP frame, which reduces the control signaling
overhead and thereby increases the system capacity. This is particularly beneficial as
the L1/L2 control signaling resources are limited by the specification and in the case
of VoIP (or other traffic characterized by periodically coming small packets with

delay constraint) there is a need to schedule several user to the same TTIL

To reiterate, in that the periodicity pattern of transmission/reception resources are
assigned to the UE with higher layer signaling (e.g., RRC signaling), then the UE can
transmit or receive in those assigned resources without explicit L1/L2 control
signaling (i.e., without the use of the PDCCH). One example is shown in Figure 2,
where a 'talk spurt-based' semi-persistent allocation is shown for a VoIP application.
The RRC signaling is used to assign a 20ms periodicity pattern to the UE. When
traffic is identified in the beginning of the talk-spurt, the time and frequency resources
and transport format are assigned to the UE with L1/L2 control signaling (i.e., with
the PDCCH). The UE then stores an indication of these assigned time and frequency
resources, and transport format information. This stored information informs the UE
that it can either transmit (UL) or receive (DL) the assigned format of packets with
these resources with the known periodicity pattern (signaled via RRC).

As shown in Figure 2, re-transmissions in the DL are sent with L1/L2 control
signaling, as the semi-persistent scheduling is typically applied for an initial (VoIP)
packet transmission, even if it could be applied also for a first re-transmission of the

packet.

n, Stage
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One possible solution would be to reserve more processes for semi-persistent use

15 and/or to increase the number of HARQ processes. In both cases, however, there
needs to be a mechanism in place to indicate which of the reserved HARQ processes
are used in which semi-persistent transmission (without using PDCCH signaling). In
one exemplary scenario the use of more HARQ processes can imply more signaling
being required in the PDCCH, which in turn increases UE complexity and memory

20 requirements. Alternatively, reserving more HARQ processes for semi-persistent
scheduling, without increasing the total number of processes, would imply that the
semi-persistently configured UE's other traffic throughput would suffer, as there
would be fewer HARQ buffers available for the other traffic.

25 In co pending and commonly owned US Provisional Patent Application No.:
60/919,110, filed 03/19/2007, "Apparatus, Method and Computer Program Product
Providing Indication of Persistent Allocation on L1/L2 Control Channel” by Esa
Malkamiki (which is attached to the priority document as Exhibit D), the following is
described. For asynchronous HARQ it is possible to reserve one (or several) HARQ

30 process(es) for persistent allocation. The reservation can be performed, e.g., via RRC
signaling, Thus, the HARQ process identification (ID) is descriptive of whether the

allocation is a normal dynamic (one-time) allocation or is a persistent allocation to be
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3GPP TSG-RAN WG2 Ad Hoc on LTE, R2-061920, Cannes, France, 27"-30" June
20 2006, NTT DoCoMo, Inc. "Persistent Scheduling”, attached to the priority document
as Exhibit G ;

3GPP TSG-RAN WG2 Ad Hoc on LTE, R2-061994, Cannes, France, 27"-30" June
2006, Motorola,. "R1-061734 Scheduling for Voice", attached to the priority
25  document as Exhibit H and;

3GPP TSG-RAN WG2 Meeting #57, R2-070475, St. Louis, USA, 12 - 16 February
2007, Nokia, "Downlink Scheduling for VoIP", attached to the priority document as
Exhibit I;

30
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25  In accordance with another exemplary embodiment of the invention is an apparatus
that includes a processor. The processor is configured to set one or more hybrid
automatic repeat request process identifications for scheduling without associated
control signaling. The processor is configured to determine a particular hybrid
automatic repeat request process identification to be assumed for a given subframe,

30 based on at least one of: a system frame number; a number of hybrid automatic repeat
request processes that are allocated for semi-persistent scheduling; and a periodicity

for semi-persistent scheduling.



15 3GPP TSG RAN W&2 #55, 122-062788, Seoul (Korea), 9 - 13 Cct 2006, NEC,
"Persistent scheduling and dynam c allocation'", attached to the priority
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France, 27th-30th June 20 2006, NTT DoCoMb, Inc. "Persistent Scheduling”,
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associated control signaling. The determining means is for determining a particular

hybrid automatic repeat request process identification to be assumed for a given
subframe, based on at least one of: a system frame number; a number of hybrid
20  automatic repeat request processes that are allocated for semi-persistent scheduling;

and a periodicity for semi-persistent scheduling.

In accordance with yet another exemplary embodiment of the invention is a method
that includes receiving data without associated control signaling; and determining a
25  particular hybrid automatic repeat request process identification for the received data,
wherein the determining is based on at least one of: a system frame number; a number
of hybrid automatic repeat request processes that are allocated for semi-persistent

scheduling; and a periodicity for semi-persistent scheduling.

30 In accordance with a further exemplary embodiment of the invention is an apparatus
that includes a buffer and a processor. The buffer is configured to store data that is

received without associated control signaling. The processor is configured to
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3). The receiving means is for storing data that is received without associated control

20 signaling. The processing means is for determining a particular hybrid automatic
repeat request process identification for the received data based on at least one ofi a
system frame number; a number of hybrid automatic repeat request processes that are

allocated for semi-persistent scheduling; and a periodicity for semi-persistent

scheduling.
25

BRIEF DESCRIPTION OF THE DRAWINGS

In the attached Drawing Figures:

Figure | shows an example of persistent allocation for a VoIP UE.
30

Figure 2 depicts an example of talk spurt-based semi-persistent scheduling in the DL.



25 particular hybrid automati c repeat request process identification for
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system franme nunber; a nunber of hybrid automatic repeat request processes
that are allocated for sem -persistent scheduling; and a periodicity for
sem - persi stent scheduling. 30In accordance with a further exenplary
enbodi nent of Hfige BNuew h&ﬁnﬂlﬁie@ﬂ)loﬂ]ﬂ[ﬂ&lgatrusf véuiats blagtouttedevmedthhf @ and a
processor. The buffer is confi e sto ecei ved wi t hout
associ at ed corl etg’i‘bgﬁéﬁ‘?rﬁcé‘cmg'ﬁge 8 318%0%?@%%%%}#%&?% ‘o deternmine a
particul ar hybrid automatic repeat request process identification for the

recei ved data based ,on a east .one am L unmber of
hybrid aut omati®"¥ Shoxe ﬁ‘% QY dige Srélg}éast észﬂh?%éé‘%mf a drh%@g&?u&d}

semi - per si s ent cempedupioggm, amohceorqlmaca odthctwyeﬂemplasenmb@bmmt%toéﬁtns

schedul i ng. S In ﬁ?ﬂ(’:or dance with yet a further exenplary enbodi nent of the
invention is y storing a program of conputer readable instructions

t hat when execut ed by a processor result in actions that include receiving
data w t hout sSocCi ted n [ cul ar
hybrid aut ornattaFlS Hrg gpe%ftsr%g‘q%néls L§rggce% ca?éégflgl cagltnlgc?zﬁngpafa%\%ﬁtr ecei ved
data. The det eilntatbmgnil §s trafidih @q)lzmtmg éasb’@neéiﬁa'em@ﬁe pos{sﬂﬁ‘yé! & use ghdenunber; a

nunber of brid 3ut. 0 st processes that are allocated f or
sem -persis Xem%ﬁlgfﬁqﬁ%gdl&el{tggfg&élugglgﬁgdl city for sem -persistent

schedul i ng. 15 In accordance with still another exenplary enbodi nent of the
invention is AR liﬂgﬁb ncl udes receiving neans (such as for
exanpl e the ra"@]3 bisiise t he transcei ver 10D, the HA nmodul e 10F,

or the HARQ buRdfeencefis mady. toj)gusm%l f%r%@@%tﬁigri’g&fﬁﬂé'ﬁé b@k GlagrapQd VBBOUSOA,  t he
VC VE, or the {@B&ugﬁgﬂ&g ik ae Q{uta%leg‘or in PRGIRAR %!eﬁﬂla?ﬁﬁﬁﬁkﬁ)dln&nfsor

storing data t IS receive associ ated control 20 signaling. The
pr ocessi nglareafshis mvénsion.de Figure 3rﬁ Wgeless pefverkclup aﬁiapm‘ Ot CAMAUTISHHR "ty epeat

request proces ?plhtqgtgto'fb'EQ% bﬁ%nfﬁgaamas%%%n\ﬁﬂ ARlerhass el AkNBeast one

of : a system frane nber; a nunber of brid automatic repeat e@uest
processes t hat12afée attivetkat ey fienluds ermetyark spastob slemeptH @ i 1Ag TheHE

periodi city f o5&, B béees%moﬁ)cmdw maﬂo%%ﬁEﬁﬁllﬁﬁ tPE%Q%sPTb@*a@F THE

DRAWNGS In the attached Draw ng ur es ure 1 shows an._.ex | e of
persi stent al | @BQG) 3ACK v aasmmhl@radw equency (RF) transceiver 10D for bldlrecuon 1

20  wireless communications with the eNB 12, which also includes a DP 12A, a MEM
12B that stores 2 PROG 12C, and a suitable RF transceiver 12D, The eNB 12 is
coupled via a data path 13 to the NCE 14, such as an aGW, that also includes a DP
14A and a MEM 14B storing an associated PROG 14C.

25 It may be assumed that the UE 10 will include a suitable voice coder (VC)10E, such
as an AMR voice coder, that is used at least when functioning in a VoIP mode of
operation. The UE 10 will also include a HARQ functional block or module 10F, that
can be assumed to include and manage HARQ buffers 10G. The HARQ buffers 10G
will typically reside in the memory 10B.

30
The eNB 12 is shown to include a resource scheduler module or function (SCHED)
12E, and will also include a HARQ functional block or module 12F and associated



30 Figure 2 depicts an exanple of tal k spurt-based sem - persi stent
scheduling in the DE. Figure 3 shows a sinplified bl ock diagram of various
el ectronic devices that are suitable for use in practicing the exenplary
enbodi nents of this invention. Figure 4 shows a logic flow di agram t hat
is illustrative of a nethod, and execution of 5 a conputer program in

accordance W tI@Aﬁ@%uﬁéﬂ*@Fﬂa{ %Mﬁmm&uﬁﬁ aﬁchfuﬁctioﬁé/mﬁ 1ZMand 12FHsgure 5
depicts DL and UL si

for cgse o i n rsi stent
al | ocation, arftellas thfsiéq“iﬂ“ ‘ﬁ%‘i&‘i 0k My {“h’énpg %ﬁt‘@gﬁgﬁfgwﬂ&sgﬁmrg by the
use of the 10 @xREREHEHwREH Ok dombibtidnifSardwye ahd @iftwalETAI LED DESCRI PTI ON
Reference is made to Figure 3 for illustrating a sinplified block diagram
of various electronic devices that are suitable for use in practicing the
exenpl ary e3TborhiePRUGS 108 26 120y iy bokssatied tb incRidg progradh iastwictigisé®s net wor k
1 is adapted for co

(base stati on)VIF3 eXgg ?yeh‘lé?*}géo\c,?\qa%eg IE% %‘gﬁal ét X]ﬁéIonggefﬁg & ? er%{rgk%:\bg;B

i ncl ude a net vxaédfdmtvttm theedxemplaty cpiiGEmedid of Theintntidn) as mall bdésmasedat a
processor (DP)

10B t.hat M ) 10C,
and a suitabl eﬁ’é"dﬁ“@“iﬁeég%@%@at(hg} ¢ FIPlAY M verm%%bg?tglrsqﬁjg‘frerg ional 20
W rel ess commifipkaichedat ledst h fakiebyehidpdter, sommhx@du&blmbmahmﬁﬁéoa obel12A, a
MVEM 1213 t hat es C, . and ui t Ftr The eNB
12 i s coupt®d ‘3}%‘3 én%é‘)f E‘% ﬁ%ﬁgfﬁ% epﬁeﬁN&g ardv@ﬁ%’hora C%!m\{)éw&g at al so
i ncl udes a DP sbfthkarendd bardd=vt. 1413 stori ng an associ ated PROG 14C. 25 It may
be assuned that the UE 10 will include a suitable voice coder (VC)10E, such

as an AMR voice coder, that is used at |east when functioning in a VolP
nmode of oper atlimganeré[hbe tdlﬁomﬂemhokiimeaiss»bthp iEs U 6l earsin¢dRC ft greaof londgd ] ock or

nodul e 10F, tha e_ass gﬂégg 10G The
fl1 ARQ buffers Tg a‘?tmenlle% ?/Sp ecfsa %dti%?efsﬁgﬂe%?sﬁ(})?’% rrggﬁre 8 “%fn{ Eﬁ&eNB 12 is
shown to i mx| uapatdliticsSouride csmﬂnwu havingrwileléss comnmmn@itomcmpa(og@FED)la&?ZE and
\M l l al SO I nCl c%gt%reade%RqucH QSC &1@?&@%&1’11&!18%%11]ng1%§§] J:o?nxﬂi%'fcaﬁ&pcaﬁac’tﬁﬂfe% at ed

gaming devices having wireless communication capabilities, music storage and
playback appliances having wireless communication capabilities, Internet appliances
permitting wireless Internet access and browsing, as well as portable units or

20  terminals that incorporate combinations of such functions.

The MEMs 10B, 12B and 14B may be of any type suitable to the local technical
environment and may be implemented using any suitable data storage technology,
such as semiconductor-based memory devices, flash memory, magnetic memory
25  devices and systems, optical memory devices and systems, fixed memory and
removable memory. The DPs 10A, 12A and 14A may be of any type suitable to the
local technical environment, and may include one or more of general purpose
computers, special purpose computers, microprocessors, digital signal processors
(DSPs) and processors based on a multi-core processor architecture, as non-limiting

30  examples.
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HARQ buffers (not shown). The various nodul es and functions 10F, 12E and
12F, as well as the voice coder nodul e 10E, nmay be inpl enented using

har dwar e, software (including firmvare), or with a conbi nati on of hardware
and software. 5 The PROGs 10C and 12C nay thus be assumed to include
programinstructions that, when executed by the associated DP, enable the

el ectroni c deigke &QeppeITat and WIAGSALARRGE vist hof ke UEXBNdvingya eeniodi nent s
of this invention, as w. || i

) be, di scussed .hel ow i n.great : gl dhat i
t he exenpl ary PEEHS W@W‘QH’GP‘?FWF by ‘P%&ﬁaﬁi’eﬁg nllar%rf)sgesﬁlgﬁ:bg:&}l eauts":“l_l 2aslt Si n
Pﬁ; t Dgylgzm?toteﬁh&@iﬁ&ém%ﬁ eﬁli&%lﬂhﬂbbﬁt}by iftviagtioDPInl Biguef 5 tthee UEQ10UBas1® and by
o] e el or wal. e, .orL. . C, Lnat: . of t

and har dwar e. SFTHI"%%P?OC?W %Aﬁﬁa@’g@@rﬁﬁsﬁ‘@?@%’&%@ Uﬁgﬂfgf %’gn e
; QC! u?e, t bL!,'E Peéergp I’tkﬁfﬁc_l Wheh eigk llllﬁ,locielsbhekiﬂed sehigptsowedy itpmns whtaindihgi t al

sistants _ aving wre S,, comunij, caty kL LA -por t abl
conput ers_havi %Wé?ség%vﬁé?ﬁf‘ﬁﬁf“&oéi’?%‘ﬁ“ %‘3%?% (t%?%lg?ﬁlé%ﬂdhehgg%dl}?e devi ges
3 uch as ﬁ' gi t abmPperadta@s sdhadiling. Whis ploblem cambarameicomt by singgrdberiei , gam ng

evi ces having wireless .c nication. c Lldties, i L and

pl ayback appl i ‘ff&ifjs{%i i’ @g%}ﬁlr{ggfgg%ersé%er??r%%}%gg{n%o(giéapa i |CIPtSI Z,;?’gélﬁﬁt er net
appltl zglnces permigré)i Mpweidrelifedr tertaasmiesionacaxesd @ad ther oW | WEH-DHESIORS| | as
portable units or 20 term nals t incorp i i h
Fonct 1 ons. PrndmReREeroR! 3 737 gk 20 S i i dhls FARY 17 LA Hep @Y 1 e
| ocal techni calgianii merigert HARQ ey XevienpKewand bel 7usThigwawld st thabl e dat a

st orage technol o such as,sepl conguct or - L ash
nenory, mgnetW%‘%ﬁWgﬁ%O%éeﬁ%neS@mgﬁn goyg%)‘gsﬁg(? ﬂg%%ﬁ&%%ocﬁ%td%i ces and
EySt fenrzs, f i X eherfermnge. 20 theeotberalring, ifemoreythaione BIARQ 1DAis uwsod\ famthe| 4A may
e of any type suitabl o.the. e .gal . enyt = &N i ncl ud
one or nore ofse@éﬁ‘?é?l%fn?6&?06%%ne(“£:§1rgrg{ﬁu%aei g}ma';%t?gr ygtgggggbcoﬁbﬁ)ttﬁ g e
i Cr opr ocess orBARGI 19 t7adndsl gmad bp aberasing); shehIBPe neadn P by URSYHY & Based on a

mul ti-cor i - Lt
COre ProGEar A ndhW I1(§heﬁkﬂbel’l) R%s00R: Whith Si%e R ik A4MRthiS%on. The
exemplary embodiments of this invention address this need, and solve this and other

problems.

20  Turning now to a description of the exemplary embodiments of this invention it can
be noted that, in general, the RRC configuration of semi-persistent scheduling should
include a periodicity pattern and possibly other parameters such as, for example, a
reduced set of TBS and ACK/NACK resources. In accordance with an exemplary

embodiment of this invention, also included in the RRC configuration is the

25  following:
a HARQ process number that indicates semi-persistent; and/or

the number of HARQ processes for semi-persistent scheduling and/or HARQ

30 identifications used for semi-persistent scheduling; or

alternatively the periodicity pattern per HARQ process.

11



Figure 5 depicts DL and UL signaling for a case of the UE 10 having a

sem -persistent allocation, and is useful in explaining the benefits nade
possi bl e by the use of the exenplary enbodi nents of this invention. In
Figure 5 the LIE 10 has a sem -persistent allocation in the DL with
periodicity of 20 ns, which is typical for 5 VolP traffic. Wien the UE 10
is schedul ed sem -persistently it cannot obtain the HARQ process ID via the
DL allocation jin the PDCCH (as.the P 1S N ' W .St ent
schedul i ng) . THESTBFRFETEH! ééﬁ’fatboé’ %Veqeég??ghﬁ%/wﬁﬁii%&gﬁklg’ %ﬁieahm%%%r ocess ID
for indicati ngnSRMDAUH, 5t B} ROHARChRceks mugbershay is, cokiigREPd| fDx sempgrsistertie

Fi gure). However, .if e. re:transm,ssi ons ex v
seni - per si st ert*® mﬁl}%&ﬂg@@gﬁgoﬁ&( g?‘ﬁg rggﬁsspg%ﬁ%? )chbgé ﬁ%eﬁﬁ%{g gﬁr&%atq[ " same
HARQ | D woud d dami-passied algaiion (b thédyfaimiualpckitR(ed Beseried mpitier doye-woul d be

7). This would |imt maxi umber. of. I & LI @sEl1$§ aRs ¢® oWR and thus
detrinental |y & #efeé‘ﬁe[d pﬁgprﬁgflf”g%f%%ge. p&ca{]%neﬁgt'her %15?5 ; i.? IBm)re t han one
HARQ I D i s usegbnfigired dxcsembpérsistent by SRR sigadling.cBtenofor gxamplehéf #fogaloé 8 X may
be, e.g., 1 | D = X 15051 hat, 19 HARQ: 6 LAy BE used

al ternating), %m%c&sgs ??3é’§§detngﬁ%iel%§%erre wa%l/’stth%H?x%vﬁ)isch {0 know whi ch
HARQ I D i s usefdr ymamivhilekdulirermueppees silevtesert ifthed SRR 83 isonade vapal ©xdpfiear y
enbodi ment g_ of IS J.nvent ion add ' dini 2RSSR N &e tiageRd Ot her
probl ens. 20 ﬁﬁﬁ@ﬁg}hlﬁdﬁ}\ﬁ algasgo%sggﬁg’t%o%&%?gtﬁwemsexenp ar yeté)rrtz)logii ments of
t hi s i nventi onedetleddarsetaepargfteduschat, i n general, the RRC configuration of
sem - persi stent scheduling should include a periodicity pattern and

possi bly other paraneters such as, for exanple, a reduced set of TBS and
ACK/ NACK r esoultcasbe atedabat dhedmn ofthisi tednigpe i patiplahiedssregeurahenboene hi s

i nvention, alsg,LpRclu N WS IagUr &l AARDS plobBs o heddbOWNg: a
HARQ pr ocess nﬁﬁggr pliogeg 1é| %ﬁdg(gt es sgﬁr}i‘?% pt)lglr’s(lﬁ'lts'et_ent?2 Iz)a_nd/’z)r ~ _the nunber
of HARQ pr o esses-phsistestaransmissian herethis infohmation iinigeladrd/in the J)signaling.

30i dentificati 1nsﬂay§0e%ef%r& e %{@%@%gg’ NG N isOdsedtd Sdicutd vel y the

periodicity pattérn per process. sem -persistent allocation may
be identified suntidpprsisiont scheanipigdor 2iematiilv fos reapls) ¢ sqpATaterhé PO 8 by the
HARQ process n{ﬁ"%}gatrhé RichARLAAUTHe bk TR0 BEfE! S URALIHAR dlhbh RRC
signaling. The Fi rocess nunber can be used to separate the S5

semi - per si st entmpicitly oapirty iniplisitlytané periiy axmlisitly Fos dhis poRose a&venb didereBed in the

oy O iRl OY bR R SRICAPIsE Al B0 - 60/ 919, 110) - The LE

10 is configur sem - persi st ent RRC signaling. Then, for exanple, if
a total of 8 HARQ processes can be identified in the PDCCH, the HARQ I Ds

0-6 may be used.f } i WeN @F a sétfof il HARQ I D 1 s
y gnia%{e%tﬂ%f%%?ﬁ?@% RABodERORERe ddfid a sétfo

made equal to indicates to the UE 10 to st%rfe fromthis
PDCCH t hose pathart HY andrtesed 12 tordetsamine paich HéyREyprogrse D is betng used for a

specific transmission, in the case where more than one HARQ process is reserved for

25 semi-persistent allocation.

In another exemplary embodiment the problem is solved for the case of HARQ re-
transmissions overlapping with the next semi-persistent allocation (using the same
HARQ process ID). This embodiment permits several different semi-persistent
30  allocations to be configured (each with their own parameters, such as periodicity).
Individual HARQ processes can then be reserved for these allocations so that each

HARQ process corresponds to one semi-persistent allocation. In this approach the

12



It can be noted that the use of this technique it particul arly advantageous
if only one HARQ process i s needed. When nore than one HARQ process is
needed for 15 sem -persistent transm ssion then this information is
included in the RAC signaling. Simlar to the case of one HARQ process, one
HARQ ID is used to indicate sem -persistent scheduling (or alternatively,

for exanple, aab%e@ﬁéﬁfoﬁecbb&bleﬁns lawwaetsy bdﬂﬁ‘glhﬁngmrﬂodmifhef iegb@ngeint-i cat i on

of the actual HA bu fer hen__d; t
inplicitly andPS5Hint 1%%%5?’} &‘1 E’T ﬁufﬁﬁ‘S’?‘ %t ﬁ’f‘%?%ﬁ}ﬁ‘b‘%e é"@‘eﬁ“éb Xb&?’? pg%ﬁelnt yzo
i npl ement ati Onpcﬁﬂbl@(ﬂd RBinGsiafisth aBS ibb hesdediselete gemckiegclb of bwsanfnsemspect  of

the these exenpl ar%’é ﬁbOdl %hsﬁgérsl&éﬁ‘?%ﬁ‘%i—ﬂil niti 5)% q{le% 1§,tse0efra1rsléln?s for the

UE 10 and the roc erng used for a
specific trﬁnsmﬁﬁérﬁﬁllochtfbnﬁlit@aﬁ@aimﬁﬂ&rtﬂfﬁmre t han one HARQ process is
reserved for 25sem -persistent allocation. In another exenplary enbodi nent
the problemis solved for the case of HARQ re- transm ssions overl appi ng
with the next B@kanys, s the &0IP dabd ‘owﬂlepac{msﬁmgmﬁmﬂmimpmmqgnmtess | D).

Thi S errbOdI ment %gé‘a n‘:}h%}fsﬁqggﬁgﬁ) ?01’8%11 gnesrrrllgs I(S)I?Srgf ogéege i Erglgttent%gaﬁllnlss at I ons to

be configured {3 paraneters, suc s periodicity
| ndi vi dual HARRQvpPbemassiks!, thanext ivdtinl b@kasteramnishbnfmlﬂ altdadslee sahddgl@éft'lih@ﬁns so

that “each ARQ process cORr CSPANR. 100008, SARL VBRY Sirk! RMndild QFRKICN.

this appro ohe rob emis avoi y configuring the
periodicity of seaﬂ@brsnstem al]oeertisomteecmt wilh K0 st papiedicity. Facls ohd pL fheset $epnid ong t o

e (ot oA o PRERP A OGRSl B ey, oo
shorter peri odamplied/furter tebuye ferd/ o), and for exaafpld, e | 60 gepericdicity epd to allocate
three HARQ processes.
15
Another benefit that is realized by the use of this approach is that the UE 10 can have
several semi-persistent allocations with different characteristics. Furthermore, this
approach works well with half-duplex terminals (as in this case one cannot have a 20
ms periodicity for the semi-persistent allocation). For example, a pattern of 24, 16, 24,
20 16, etc., ms can be implemented with two semi-persistent allocations each having a

periodicity of 40 ms, but scheduled 24 ms apart.

Describing these exemplary embodiments of the invention in further detail, if the
semi-persistent scheduling is signaled via a dedicated HARQ process, but several
25  HARQ processes are needed for the semi-persistent scheduling, the eNB 12 may
include 1 bit to indicate the semi-persistent allocation in the PDCCH, and the
semi-persistent allocation changes the meaning of HARQ process indication bits at
the UE 10. This approach solves the problem for the initial semi-persistent
transmission (but not for a following semi-persistent transmission), as well as for

30  re-transmissions of the semi-persistent allocation.
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S5persistent allocations are assigned to the traffic. For exanple, in the
Vol P case where the packet inter-arrival rate is typically 20 ns, it can
easi |y happen that before the re-transni ssions of one sem -persistent
transm ssi on have been handl ed, the next initial packet transm ssion wll
al ready be scheduled. This 10 can be made significantly less likely to
occur if the \pisRidorvftid e ssophantheetxuhbliry tembodimpits it the sigaalingad havcat i ons,

each with 40 ns perjodicity. .Fach.one of these semn -persist | ocati ons
uses its own PPESSHtE&e ¥.°X‘?\}HEE é‘?g‘ﬂshcésest ?Fﬁe’f‘fflsgveéaallﬁo 5‘3’11‘3‘6% |he°§th)urt her to
have for Vol t)arafgthé fedeXBARQEufRrs6DhaBllpeing altinmitivy eabalinantsalelatctat e t hr ee
HARQ processes, 15 Anot he efi 5 that is realized by the use of this
approach is tﬁg‘ftarfaﬁ%e"l%t%he SIERVB8 several semi-persistent allocations
with different characteristics. Furthernore, this approach works well wth

For 1o’ som - pURREtaht Sarteprit B RSByt RUE RTfIGh A3UERQ pebe s 8.1 161 €)Y

2016, etc., mnewideRbibeESIPORNEMiceciune oMY tndivatseseini-pesisterg HARQ sohedwdiag.i ons each
having a periagdicity of but schedul e rk Lhdisng these
exenpl ary embo erﬁ?ﬁ%"? %ffég% HRRrEs ?%Eheel %n?g?%ﬁtggscé%:)gigﬁvm%%\fhe °

seni - per si st enfignaleh e RRO gighading,i wead e M&Q@rﬁeﬁﬂilﬁét@@tﬂﬂ;&m-w&%@%s, but
several 25 HA segs are needed .for. e I Sheal 1Y isSEh&dul i ng,
the eNB 121°maly e%@%‘@erﬁﬁt "idgatlgsngl éﬁ‘é’#ﬂ%‘é‘é@f?"gg’r sflist en? 1Sa}I location in
t he PDCCH, andintohté subeniffepee.gi 3t &nt,7-aN-Dobaté tha sohisperséstent pllocHioans mgreof HARQ
process indicati its.at the Ll i rPacCh s ues tdgzdPsobl em for
the initial sesrlﬁtg)geefo itrsaftgcnvfnlq rgnéah“sﬁllcseg?’ g%ﬁ(%g\?ﬁlﬁ:&t fo? a follow %g
semi - per si st entheser aubsinifessi on peaste wot | thassembperggens- wafins Ahasifon$adr t he
sem - persi st ens?em?‘—lpel:r%gtg&tl stfdcation (for new packets) the sub-buffer identification may be

15  derived implicitly from the periodicity pattern, the TTI number and the number of

HARQ buffers reserved for semi-persistent usage .One such formula is:
sub-buffer=[trunc(current_TTUSP_period)] mod Number _of semi-persistent HARQ,

20  Where “current TTI” is the number of the TTI under consideration, “SP_period” is
the periodicity of the semi-persistent scheduling (in TTIs) and “Number_of semi-
persistent HARQ” is the number of HARQ processes reserved for semi-persistent
scheduling. Truncate (trunc) implies rounding dews-to the nearest integer (note that a
floor function is sometimes used for this purpose and ‘trunc’ may specifically mean

25  rounding down). Current TTI number is assumed to be known by both the eNB 12
and the UE 10. It may be derived from the radio frame number (or system frame
number SFN) that is incremented every 10 ms. For example, the following formula

could be used:

30  Current TTI=10*SFN+sub_frame_number

14



It is also within the scope of these exenplary enbodi nents that the
signaling is not increased (e.g., by one bit), and in this case there exi st
several possibilities of howto arrange the needed HARQ buffers. The
followi ng alternative enbodinents relate to the arrangenent of the DL
signaling. S Enbodinent 1A: The PDCCH signaling is able to signal X HARQ

processes (€. OwhertdpDframd h{nﬁb&(%é subEneHumblthg\Madidéame @ddio¥rdnediisiie s
sem - persi stent HARQ schédul i ng. The nunber of HARQ ig)éoc sses_for. the
YENE" Y

seni - per si st erfine SENb ifs sypfrape_Byoker 5l 11 % - i ropgeestdn B aflbng, where
one HARQ process dnlthd Bclircat es semi -persistent. 10 The HARQ buffer that

i ndi cates sem -persistent (e.g., buffer 7, when X=8) is divided into N
sub-buffers (e.g., 7, 8, ..., 7+tN-1). Since the sem -persistent allocation

is nore suid abA@tifepissid &f i grovid b S8TRYy | to PEBKBT e coieh HARQ/bObRr Wheni s
assuned that the size, of these f?ﬁb_ butfers is adegs[ulgte 1f grngq%ns are
sem - per si st erfe-tpsEgsjons areneheduls. Bor s RUROSS B ROSTRR SO LK

Iron (for new

packets) the sganllbivah ehblithdnkd 2BaBBand 4my be 15 derived inplicitly from
the periodicity pattern, the rn nunber and the nunber of HARQ buffers
reserved for sem -persistent usage ,One such formula is:

sub- buf f er | t r t EEEdIMdREDA; In thy/BBCPHrit Bdpbsibio signabere «f X HARQ processes
sem -persi stent  HARQ, 20 Were "current. TT1% is the nu £ TTI under
consi der at ?‘bn,ge;gSP"lR'gérbﬂtﬁé’mi énet ?ffé;klaﬁeegiVB‘&?SC’P?’If/ateosftﬁatt garg%?ﬁgfnp@%(?%tg ent

schedul i ng (i nus3d| &} sond-pedlsrtierallofatisieniTper singteenof HMRD poceskes femnber of
HARQ processes reserved.fgor sem -persistent .s J| 15 trunc)

i npli es roundi Sr‘?ﬁ‘"%&%ﬁt-ergds ‘? hémﬁgllérv glg? lSisﬁ”aglaée\r'm ?%(;E?Szé"? ﬁ%ﬁ wgérg P%%%Iﬁ%{gnct ionis
soneti nes usedprb@ks fMimliqates pasiepeasintbnt, targinthe lasn PARGE buffér gal | ThenBARQ25

roundi ng down).. rrent TTI IS S t h,t he eNB
12 and the 'Gibuftg‘.glsl‘ﬁv‘%"ﬁ\/mb}gwéggﬁ/%%“fh?c?)ln#ﬁ)gnéegcﬁge??gﬂl'ﬁﬁeﬁggi’%or system
frame nunbes Skehdi-pérsistbntiatiodatiarseneltdr stte bufarymdyObavslequatsr Tesnahthe EDCE
follow ng fornul.a could be used: . n =104 SEN .hunber
Wher e subfr arre‘fﬂ‘ﬁ?%sgge ?egl"f’?féls?gﬁqaf%r%%f{gﬁ)ﬁ%%%ﬁr)l’g&iq%gﬁd a%){%%&t%a o frame

(i nsi de one SFM)in use,ehe conddf HARE) hulidyeor theOsemi-pergistent. transiQissi@ENIC®IY be

broadcast in the cell 0. 4.0 CH. 5 Another issue is to provide an
ability to i de‘?ﬁcrercfi/caf’ﬁ%g%rg’ﬁl@é{ﬁe%ﬂ§buffer when re-transmi ssions are

schedul ed. For this purpose the possible solution options are given bel ow

in enbodi ts 313 ar Eg@gﬁtﬁg : hihouthe PDCCH it is possible
to signal rrg e %gﬁgqﬁé%@?a%ceg@es ep%peg&\%} t{)}i 3 bits X=8). One of these
X val ues i ndi ctebertdfaemppersistett HARQN PDCCH are used for sem - persi stent

al l ocation. The nunmber of HARQ processes for sem -persistent is N, and this

value is signaled via RRC signaling, where one HARQ process |D indicates
seni - per si st enfqr e ge-tratdmassicas tof HARGPeeistew alikcation Tyseerplapeesiblaf f@RINS di vi ded

to X+N-1 buff eéoﬁltio%&rggivgpbew inQﬁe%bto@nQﬁtsgﬁ, Yl ai ze, e.g., for
25
Embodiment 3A: The PDCCH signaling is capable of signaling X HARQ processes.
Several HARQ processes and HARQ IDs are reserved for semi-persistent. One of
these indicates semi-persistent in the initial allocation to identify that semi-persistent
is in use. All of these HARQ IDs form a vector Y of HARQ processes. The used
30 HARQ process in the case of semi-persistent allocation may be derived from, for

example, the. following formula:
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15 sem -persistent allocations smaller size buffers may be adequate. Then
if the PDCCH indicates the sem -persistent via the HARQ process ID, or if’
sem -persistent allocation is in use, the correct HARQ buffer for the

sem - persistent transm ssions of new packets can be derived by the fonnul a:
20 HARQ buffer---X-1+[trunc(current _TTI/SP_period)] nod Number _of

sem - per si stemecmﬁi@exﬁﬁunctduﬁernéll’lﬂtsamw)kh@hs of sem - persi stent

al I ocation seyv, ssib g solutions are given below in the
enbodi nment s 2I5§ tgtﬁ 938““4 ?S@%‘g%ﬁpg&gl ment 3A: The PDCCH signaling is
capabl e of signaling X HARQ processes. Several HARQ processes and HARQ I Ds

are reserved f One of these indicates sem -persistent in
the initial }Ig égﬁr&]{)fﬁrg?@&t%e ? y that sem -persistent is in use. Al of

t hese HARQ i Ds forma vector Y of HARQ processes. The used 30HARQ process
in the case OfF(%sr%H re%ﬁs?ﬁlsqﬁo?xggf &l g&ﬁgtbrﬁrl @Morg%sgﬁ& s\ Binf QMionk @fe €Xxanpl e,

the. follow ng vect or1 ndext -t current TTUSP period) |nod

Nunber of seni dqseﬂasﬁbfﬂ@mwﬁhim rER@bodiffents 1A dBonditRdex) . 5 For the
re-transnissions of sem-persistent allocation possible signaling solutions
are described belowwith relation to enbodi nents 1B, 28, 3B, and 4B.

Enbodi nent  4A: Embodirhént 4: Irradksef thiise fliéfeeent crebpdisepnivekascsiberbdins fapgtetchels f ar

i nstead of 100 &Q%ﬁ?ﬁéﬁ{oﬁsﬁh@@cuﬁﬁt%ﬁ( &P _ﬂeﬁ@&)}]ﬂ&c’ C(ﬁl?d_ﬂﬁfeh@@é lantdaghig coul d

i nstead be an ex I't counter that iIs7increased according the periodicity
pattern. For tmnneeth@trlamsm@é pesartingftheseeripdipity rattemelinr the P-HRBEHBINDYSsi bl e

;:?,gnggl ng Zozggehﬁ’ DesBeR ARIGIoh PRADE! Saiel Bolditfha laked QesoibedTRACH Nl s 1B,
relation to embodiments 1B, 2B, 3B, and 4B.

15  Embodiment 5A: This embodiment assumes the presence of a separate bit indicating
semi-persistent transmission in the PDCCH. If several HARQ buffers (N) are needed
for semi-persistent use, and originally X HARQ buffers exist, the X HARQ buffers
may be divided into X+N buffers, which do not need to be equal size. Then N of these
buffers are reserved for semi-persistent usage, and if the semi-persistent bit is on in

20  the PDCCH signaling, the HARQ bits in the HARQ field of the DL-CCH indicate
which of the N buffers this semi-persistent transmission is intended to be stored (see
embodiment 4B). For the semi-persistent transmission of a new packet either a
counter, as in embodiment 4A, or the expression as in embodiment 3A (where Y
contains N possible HARQ buffers) can be used to derive the identification of the

25  buffer to be used.

Further explanation of the foregoing can be had by referring again to Figure 5. The
current TTI is an "increasing number" which indicates the current TTIL The SP period
is semi-persistent periodicity, e.g., 20 ms or 20 TTL. The number of semi-persistent
30 HARQ equal N (e.g., 7 and X in figure 5) HARQ buffers used for semi-persistent that
are signaled via RRC. In this case trunc(current_TTI/ SP_period) mod N indicates
which of the N (e.g., in Figure 5 two) buffers to use. The trunc(current TTI/
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15 Enbodi nent 5A: Thi s enbodi nent assunes the presence of a separate bit

i ndi cating sem -persistent transmssion in the PDCal. If several HARQ
buffers (N) are needed for sem -persistent use, and originally X HARQ
buffers exist, the X HARQ buffers may be divided into X+N buffers, which do
not need to be equal size Then N of these buffers are reserved for

sem - persi st enklﬁ%\%@&igus and thd mttéégr 880er PEF SnipBiiste periods. A} Wik Hdled he PDCCH
signaling, the s inthe HARQ field of the DL- i ndi cat e which of

the N buffers ehove thismayherenlasedhy 2 CPuRE Whicki By S8t Wit SEPESE S t or ed

(see enbodi menf)dRion ifQlent BRI WM thScSherbridhtedtin msmeﬁﬁp&ﬁstaﬁ aaodaew packet
either a counter, as in enbodi nent 4A, or the exp rﬁiﬁu@n 8 odi ment
8% d%ar‘/

3A (where Y coP@SEPHE K¢-$Ho§Ern2Empaiidys the dragcwtent e the

i denti ficat konjbptR@aZoRI-b&isttA sl . Further explanation of the
foregoing can be had by referring again to Figure 5. The current IIl is an

“increasing nunber” which indicates the current TH The SP period is
sem - per si st engmBedin&di Git Y'I‘hui3 anodﬁ@nﬂ&sﬁhlegOtha-T|sevei|'dTIeHlAani)q1TodB£ses

sem - persistent 30 HARQ equal 7. and X i re 5) HARQ buff
used for sem- S?L%RQF Q R reé‘?'éﬁds oﬁr?‘élp‘e‘%?rﬁteé‘t dul ¢ F?ﬁ é“s%légg e
}:runC(Cgr[eng gBl:ésseE’an@bb fb@éwdaqslgl\bﬂoeasdgataﬁ@éy\/mmfseazimﬁmmewv(eevgue in

i gure Vel

uffers to_use. The trunc nent T t hus
the i nt egert®nuRbBesesFseredProprsies i€y é’ﬁ‘icesﬁé‘f o‘agsedé‘efi\é?aﬁ% g‘dﬁlg%gg\?d}ft his may
bﬁ r elolt aced byu pﬁ@makﬁgo B@btl&gd Myt i6, tvatieh HATREDN 11D Ré5 iS @seid-op @DEICH, értUE
allocation is given nd woul d t ment ed er t ent
al | ocati on posg? i5forgst the (Péra&etefsewgl‘@ngz@}%gﬂéhﬁf&“i P'flen%t m‘%‘éﬁf en T'SI'II /S o
Eﬁgpgr i od) may Alier SieRt 20 Pisete embpasiS@iTiali@atici bt valid (SR Peddd=nYnindrthe
(N P HArcy. HARG e ot e 335 TatvtrbreiE ECRlsabelag™ RETORE: 4nce,
two processgs emdndoetw/, i.eSthE VARQ ED dor, thqogem@masmanmdo@s swhpped byesy exanpl e

the | OY\Br Val u%gﬂ’lst Tcge tmhese¥ Jsgu%l%rtgeﬁq{ﬂé)pr%ggsel g 81gna'le‘d (BQQC%@C#I qSl§2 I's used

when signal i ng
either 3 or 4 bits. In the following the SCCH (shared control channel) is used instead

of the PDCCH. The re-transmission HARQ process is simply indicated by the

HARQ _ID and RV>0, i.e., in this example HARQ_ID=5 or 6 for the retransmissions.
20

The following is a non-limiting example of a modification that may be made to 3GPP

TS 36.321 (MAC protocol specification). in particular in Section 5.3.1 :DL

assignment reception:

25  Periodicity of semi-persistent allocation (SP_Period), the number of unused semi-
persistent allocations before the release of the semi-persistent allocation (N_SP) and
the number of HARQ processes (Num_SP_HARQ) as well as the HARQ_IDs
reserved for semi-persistent allocation are signaled by RRC. Semi-persistent
allocation is indicated with one of the reserved HARQ_IDs. The following describes

30 the UE operation:

‘When not in DRX, the UE shall for each TTIL
-If a downlink assignment for this TTI has been received on the [SCCH]:

17



the paraneters to be stored. That is when HARQ ID = 5 is used on PDCCH, the
UE 10 stores the paraneters including the HARQ process id

(Stored HARQ I D=5). After every 20 nms, the sem -persistent allocation is
valid (SP_Period=20) and the HARQ process id for the initial transm ssion
can be calculated fromthe fornmula 15 shown below, i.e., the HARQ ID for

t he sem - persi st ent—Inaibdté)é;acb\inﬂiﬂk higamanpadithe ¥RsdatdDHARQ itfetations ey assune

t hat HARQ process i dmgn the PDCCH using either 3 or 4 bits. In
the follow ng the E%Siin oré“ rol channel) is used instead of the

PDCCH. The re-t ranamlwsziomﬂlﬂd/&a@nmemdesaew sergdtanphsgighmelit Gadiededon thdhe HARQ I D
and Rv>0, i.e., é&b@&exarrpl e HARQ la---5 or 6 for the retransm ssions.

20 The fol |l owi ng |£ n-limting exanple of a nodification that nay be
made to 3GRP TS 36. 321 {hrCGhpdanlisiodssigpeait hndabd assovjated HARQu irforaatiar i n

Section 5.3.1 : DL a55| ﬁe nuﬁg; |_%§§B§54‘9ghglt%ﬁ SEm - per si st ent

al l ocation (SP Peri od), S ersistent allocations
before the rel ease of t(serakhi. -PE=CwteenTTH] | ocati on (N_SP) and the nunber

of HARQ pr OCGS%E??FQM%B-&%%@(M%II S dg@?en% L—%@%ﬂsm%oﬁ £ ﬁxrs;/’lelq for

sem - persistent allocation are si gn persi s ent all ocation
i s indicated v@GMC@n@tQTTIt—FEéOIP‘E%LWEHmeIARQHGBQd =T biitahd stowedg descri bes 30

the UE opejati 48 gnment has not been used during the N_SP previous instances:
-release the stored downlink assignment;
-else if there exists a stored downlink assignment for a new transmission for this TTI
(i.e., (Current_TTI — Stored_DIL_TTI) mod SP_Period = 0):
-Indicate the stored downlink assignment for a new transmission and the
15 stored HARQ information to the HARQ entity for this TTI (e.g.,
Current HARQ_ID=Stored HARQ ID-+trunc(Current TTI/SP_Period)] mod
Num_SP_HARQ);
The stored assignment is considered unused if the UE cannot decode correctly the
corresponding new transmission and does not receive correctly [SCCH] (within a
20  retransmission window) allocating a retransmission for the corresponding semi-

persistent allocation.

Described now are several embodiments for identifying the HARQ process in the case
a re-transmission is needed.
25
Embodiment 1B: If four bits are used in the PDCCH for indicating the HARQ buffer,
then the Number_of semi-persistent HARQ processes of all HARQ process IDs can
be reserved for semi-persistent usage. In the re-transmission the correct HARQ buffer
can be identified, the RV number indicates that this is a re-transmission, and thus
30  parameters need not be stored for semi-persistent usage. Thus the HARQ process id
for the retransmissions is signaled explicitly on PDCCH (it is assumed that PDCCH is

always sent for DL HARQ retransmissions).

18



When not in DRX, the IJE shall for each TTl: -If a downlink assignnent for
this ITI has been received on the [SCCH : -Indicate a downlink assignnent
and the associated HARQ i nformation to the HARQ entity for this IT!; -if

t he downl i.nk assignnent is a new persistent assignnent (indicated on the
[SCCH): 5-store the downlink assignnment and the associ ated HARQ

I nformati on (Stored HARQ I D = HARQTD) as wel |l as the TTI nunber

(Stored DL _TTI Current TI' ere exi stv§he

b d. downl i nk
assi gnment f orTh§ fisgoTPs JRE . %F%‘?fr‘?dcs)?s ? ﬁﬁ“&’ 31'1‘11’1’(‘1“% OP T e%st ! &%rn a
Stored DL_TTI )Hm«j pﬁlBesE’(ﬂD adSyd, Mdis tnbmdeittbf@duple@enassﬂgsmmucﬁmm mot been

used during the N I nst -rel ease. the stor do I nk
assi gnment ; - éFEET] atﬁﬁw(gﬂogesg “figgﬁ%fe'gana%%%l i hﬁé‘“‘é‘é”i ’%’h%l Kt as}’%’gf a new
transm ssr QJ’I fimbwh piesisely by thé sigealing.(Hawervanit maf be the Sise theti4 biks dfeMbsed fiwd SP

Period = red Jd nk assignment for a new
transmi ssr on M@ﬁ?ﬁ%é‘*%ﬁyﬁt&%}‘ ﬁ?lor nat hlgr?? 8 the HARQ entity for this
rn (e.g., Current HARQ | D=St ored HARQ I D+[runc(Current _TTI/ SP_Period)] nod

Embodiment 2B: There is a separate format for semi-persistent re-transmission (e.g., a
more compact format, as already proposed in 3GPP). In this case log2(Number_of
10 semi-persistent HARQ processes) bits are used to indicate the HARQ buffer. This is
a direct (explicit) indication to the HARQ processes and the buffers or sub-buffers

reserved for semi-persistent use.

Embodiment 3B: During a re-transmission of a semi-persistent allocation the HARQ
15 ID indicates the semi-persistent HARQ buffer, and RV indicates that this is a
re-transmission. In this case, and for example, TFI or TBS can be interpreted
differently, Only a limited set of possible TFI/TBS values are needed for
semi-persistent use. Note that for re-transmission it may even be assumed that the
TFI/TBS information is the same as for the initial transmission). Remaining (unused)
20 Dbits of the TFI/TBS indication can be used to indicate the correct HARQ
buffer/process. In this case the same DL-CCH ‘format' can be used for

re-transmission.

General reference with regard to normal RV, TFI and TBS usage may be made, for
25  example, to Exhibit L, 3GPP TS 36.212, such as section 5.3.3 "Downlink Control
Channel", and to Exhibit J, 3GPP 36.211, such as section 6.8 "Physical downlink
control channel". Reference can also be made to 3GPP TSG-RAN WG2 Meeting
#59bis, Shanghai, China, 08-12 October 2007. "E-UTRA RRC - Report of discussion
on measurements”, Tdoc R2-074322 (Motorola), attached hereto as Exhibit M and

30  incorporated by reference in its entirety.
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Num SP_HARQ) ; The stored assignnent is considered unused if the UE cannot
decode correctly the correspondi ng new transm ssi on and does not receive
correctly [SCCLl1l] (within a 20 retransm ssion wi ndow) allocating a
retransm ssion for the correspondi ng sem -persistent allocation. Described
now are several enbodinents for identifying the HARQ process in the case a

re-transm ssi OfhioRintee48dm AR HEHReRlcAEN bephral: bil s hélMedh toée ADECHSH i N the
PDCCH for indicating the HARQ buffer, then the Nu

Jf | nber of .

seni - per si st erfPIFMRINSHEE ds Sapmisioy| i FAREPEFGResYy BE RARBiHEEEr ved for
seni - per si st ernhtekpdd@Rns b tHeNBARG- eSS Bt NdehOiRling O FRéthdrARG: hukf er can
be identified, the RV nunber. indicates that this is a re-transn‘iﬁ‘s?i on, and
thus 30 par ameFBFETHYERY REIEPISo? dapapdy (omssmiRerdsteip rnsissioe ™hus t he
HARQ pr oc§5§hlzdvfqu5nﬁah@1 thexli BAGHBiHes %&?@ th Stofei tB fhrf-Perei¥iohti iﬁfotdlaﬁoﬁ,l’brPDCCl'lh (it
is assuned that PDC%I; S always sent for HARQ retransni ssions). The
foregoi ng may BEtHEH ’iah?flag‘ﬂ’ 1§ Orée'gf"}?ﬁ‘Fsé‘é’?'%Hﬁrsg’%ﬁe,m’m?’énsfnﬂﬁﬁll‘mB%SFS in the
HARQ process | BARQUSE ebferadtiie HA RQUifEeshefved foe uilpelsewmase. Thi s approach
does not require that the HARQ process id for the re-transm ssion is known
inplicitly, as it is 5 known precisely by the signaling. However, it may be
the case that Thehiaksal@lseverd @lkerhdtive EIARQINNNGARS an 1d camydsry. due to the M MO
signal i ng needs. Enbodi nent 2B: There is a separate format for
sem - per si Y ent re-transnission (e.g., a nore conpact format, as already
proposed in 3GRModinkdnt 1 ¢t Back a8@i-geBGRaM\ilisbaion Of assigiad-iRemdi IBARQ thrddédsQ
processes) bit re used .to indigate the buffer. This 1s.a direct
(explicit) i ncf?)c@?qe??ﬁﬁf%mfpﬁ‘élsg}i@%ﬁ&(%gg‘g 5@5%1"3 1{55’3’ nﬁ’ﬁ‘f’?dé?’@'grro WM. buffers
reserved for sefingadssibins bedappisg witknibodii-pesiste@BranBuissiorgoa mewtpaeles M ssi on
of a sem - per Srhgirté %l?atn c?hlel s%?n?‘-%érglg}ertltha?lo%olqlgcan be configured. As one non-limiting

15  example, two allocations with 40 ms periodicity may be used to effectively create a

20 ms periodicity pattern.

Embodiment 2C; In addition to the embodiment 1C above, if the PDCCH contains 1
bit to indicate semi-persistent, and originally there are X HARQ processes and N
20  semi-persistent configurations, the UE 10 memory can be divided into X+N buffers.
In this case the HARQ buffers for different semi-persistent configurations can be
derived as in the embodiment 5A, with the exception that N semi-persistent

parameters need to be stored in the memory.

25  Embodiment 3C: If only one HARQ process ID can be assigned to the semi-persistent
allocation, and originally there exist X HARQ processes and N semi-persistent
configurations, the UE 10 memory can be divided to X+N buffers. In this case the
HARQ buffers for different semi-persistent configurations are derived as in the
embodiments 1A or 2A, with the exception that in the case of an initial transmission

30  the PDCCH also defines which parameters need to be stored for each separate HARQ
process semi-persistent configuration. The re-transmissions can be handled as

described in any of the embodiments 1B, 2B, or 3B.
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15 ID indicates the sem -persistent HARQ buffer, and RV indicates that this
is are-transmssion. In this case, and for exanple, TFl or '1l' BS can be
interpreted differently. Only a limted set of possible TFU BS val ues are
needed for sem -persistent use. Note that for re-transmission it may even
be assuned that the TFUTBS information is the sane as for the initial
transm ssion). Renaining (unused) 20 bits of the TFUTBS i ndi cation can be

used to indicate the correct HA buffer/process In this case the sane
DL- CCH ' f or mat(A) Besqd b thg feraecing it sheuldbs anreak thairfbe exspralani erpherimeaiol wit h

regard to nor gl nR'\énno-EF roﬁ‘iﬂéj a [IRShIS AP Faritiy aﬂlﬁcd’fﬁ}ﬁi&r ;frdgrrarﬂfpr@m&(‘éph@ to
Exhibit L, 3GPP T ,_such as section g 4 %ng
Channel ", and I@meEﬁﬂiEoPﬁHA_PtQ‘rSIM‘@WET Re Eﬁ‘gé% Fé%‘f?t & si cal
KI/EWP! i nk#g gg_t re@JIBSﬁi‘@zﬂﬁseih gﬁf emg@fgg\&m?hgﬁm RempRdE oficdor3Ehe HAR RQN WO tz
etin IS, anghai In ober " - Repor
of di sgussi on %‘P?eﬁé‘a‘g ré%}ﬁﬁ‘fgld‘caf?@b&ﬂ“ﬁ?e@‘?‘ﬁ%’zsfh%wg‘fgo%‘*zﬁ 0%%& hgreto
as Exhibit M gighes QbBsReP RN o Ao BEHARQ prb&sﬁmfdrrsemypersﬁéﬂﬂodl ment
4B: In this enbodi rent asepardaete bi.t |sAr}cIud n to_indicate

whet her a t r arshfdedgopnd; EARD jdeptificafiors gspd Feémlgfrts‘s‘ﬁgtr F‘ﬁhf M8 Pef ent

i nt er pret at i oRgrigdicitypRudMRRHARprotdscat i on bits, depending on whether there
is a sem-persistent transm ssion or a dynamic (non sem - persi stent)

transm ssi . The 5 RV information then determnm nes whether to store the

sem - per si st enB) inthonemsd &'ﬁbaraﬁt&p%@,t»ﬁ%ﬁe RIECRRbipetiag isasedits infam the UE
re-transm ssi on. n th sem - per st ent transm ﬁ“lon CQ.S?)%I cat bits

refer to the HARY BuFABRsPIogss ’vé’ ST o€ sW IO ps g+ hE Yare al so
several al t er naini-pesigs HARE RéRdilMhAS armawhdﬁeacmmberdﬁraemx-pérﬁstﬁnﬁmfﬂrent | C:

Each sem -persistent, all oca i S assi d‘\’ﬁé D(and
each seni - per JI¥EERt 153%"1683&?“%‘3 ‘ﬁﬂ%“aiﬁ tgn'}? tl?wa%{d_@Requ %3&’% Y.
avoi d re-t {AaNSHABQ I PeSsOIE fiddiaek Bgmperdistant. Slante petiod st BARQ bueffis thasi on of a
new packet, more than one.semi. - e h cat | can . ured. As
one non- i m tiRYeH% SCRLRGHent iy d%d 1“& &tsf&g lg?\fﬁ’ f (PE’(S efgrcgl s%%‘} ?é:}gilgt%’?t y may be
used to eff ectmmd)mn@daea{ e albzﬁlfmldmrﬁcaﬂmdmt@e patstéssinn oEmdvophickenis 2C. I n
addition to th & nt |1 C abqv t{ '%QFQ;,‘C !
i ndi cate sem ‘%BY tﬁyﬁ%apg} {ﬁ%g“l‘ e{f’atn &re ar ebe%ﬁg\%%?an%eocesses and N
20 sem -per sistent configurations, the UE 10 nenory can be divi ded | nto X+N
buffers t hi th fbg ers f ]
conf i gurat? nssuﬁgﬂ %é{“a%‘f(fu\%ﬁ rPYed ]m g &Jb%%_?f%exﬁ%@}s Ee{'ﬁle e ceptl on
t hat N sen - pgCsirsthentthphsfparpepis(A)celbrd E)(D@H sigoalipg isiused th énferemibe YE

10 of X HARQ processes, where one of the values of X indicates semi-persistent

HARQ scheduling, and where a number of semi-persistent HARQ processes is given

by N as is signaled to the UE 10 via RRC signaling, where one HARQ process ID

25  indicates semi-persistent. In the method a HARQ buffer is divided to X+N-1 buffers,
and if the PDCCH indicates semi-persistent HARQ scheduling via the HARQ process
ID, or if semi-persistent allocation is in use, a correct HARQ buffer for the

semi-persistent transmissions of new packets is derived by:

30  HARQ buffer=X-1+{trunc(current_TTI/SP_period)] mod
Number_of semi-persistent HARQ.
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25 Enbodi nent 3C. If only one HARQ process |ID can be assigned to the

sem -persistent allocation, and originally there exist X HARQ processes and
N sem - persi stent configurations, the HE 10 nenory can be divided to XI-N
buffers. In this case the HARQ buffers for different sem -persistent
configurations are derived as in the enbodinents 1A or 2A, with the

exception that %jgﬁ'n Eﬁé%&ﬁﬁleof%gragﬂpﬂbm)g {vRdre PHAOSIN SR 11kYis J6edt B anfBRACHE al so
0O Dbe

defines which ranmeters need stored for_each se%ar a&ﬁém process
seni - per si st enVE d@af XGLARR popessepnuharea kAt SRR, Brogesres 3B as
described in agy @frfhereRpdpaaats HARQ 3hedting3here () ildaaed wa the
foregoing it should be apparent that the exen I,?rﬁ enbo?itmant (sslzfﬁf 1t hi s

i nvention proviepersipignt ,Qé‘f?ﬁ%}ﬂlagtfs‘n&?ﬁfnéﬁggMé oGy LIS RIRIA (s) to

i nform a UE of g KABENS elrt:8dctont Of IRRQYRoced3af @idrd MARQ@uffergoibeustd fata Bl ock 4A
the 5 eNB 12 sends the HE 10 a RRC configuration that conprises one or nore
HARQ process nﬁ%@?féﬁtfnttaﬁ%ﬁa“?‘ﬂﬂfi‘?f&’f"g%%’)’: seni - persi stent schedul i ng, and at
Bl ock 4B, that further conprises at |east one of a nunber of HARQ processes
for sem -persistent scheduling and HAl—BR% i (jien ifications used for

sem - per si st entec®E rewTlimR(cugEnta PEF prgied) ‘f’?l‘i pattern per HARQ process. 10

(B) In the methedbRforPRmagdanét (MdRQWhere PDCCH signaling is used to inform
the UE 10 of X HARQ processes, where one or nore of the values of X

i ndi cat e(s)}9seni - persistent HARQ schedul i ng, and where a nunber of

sem - per si st enfARARRP-IER&EEMdES. gi ven by N and is signaled to the UE 10

via RAC signaling, where one 15 HARQ process ID indicates sem -persistent.
In the method a HARQ buffer that indicates sem -persistent is divided into

N sub-buffers, (r?md tEcOmetBRT 6 SeigtapP €A ivihiedt 1dA4RQe dfitl FEPNGCH sigheding ib- buf f er
identification

r the transm ssion.of .new packets | rl [ jcitly
froma peri odi Eﬁeg)}o ‘E%@F\W sfﬁ"p?fﬂ%ﬁl\grtgpﬁm%sé%%?v %rg%e‘i h\\{&glﬁ%:(ﬁgg
sub- buf f er 1§ r uRARCUBWTRA %I'Heé(ﬁﬂ’ Hf‘@&k:hﬁ)ﬂér]sistﬂ?&sé;lm‘rﬁem}gmf originally X HARQ
sem - persi stent HARQ., .I'n me r.agr
signaling is ué@'&fﬂ?glftnﬁfb Pﬁ%o‘fl@el’%%(; ﬁéager gglglgég%t? %%Rgl e of the
val ues of X i ngifea, @sd NesTithad€ KSN HARQ bR Qs abseryud furgemipedsisne pee. I nunber
of sem - persi st ent rocesses i.s giver % (ﬁls’.ﬁ' Fols dutqd he UE 10
via ARC si gnal fhﬁfg‘}‘emg%‘ﬁ‘é‘e %&Ebatﬁ?aég‘g?g&l ?g i n%éncgl?ées e Ehper si stent.
In the method & ARGt BAREY bissin ehieVH AR fitld oXe RLACGH td indisate snwdhiplf ofithe  PDCCH
i ndi cates semi - .stent HARQ schedul i ng vi a. t gor if
seni - persi $P en@’%ﬁ@?ﬁ‘%@ﬁ ?G?I”P?fmﬂt?g%ags%%srl?negttpﬁ&%ﬁ%ﬁ g‘%el??)dr]&?%e
seni - per si St eNHARAIBTnas: eRtr Flof HARQuacdestes and a HaRIQ/adfehip: be3gedHOROQ
buffer-X-1+[trunc(eurre TTl/ SP_peri.od)] nod Nunber _of
seni - per si stenfenﬁkﬁfﬁ?s{en{]%}”ﬁgﬂn{sﬁgg\%mg%i of paragraph (A), where PDCCH

si gnal i ng i s usefbrtiaddxpftand(tirieat TTESHA Qerirfd) oHARQ pr ocesses, where a

plurality of ro Seess‘egrsptn% | Ds are reserved for sem - persistent
HARQ schedul i ng""WHef'e ORETRAT cat'es that seni - persi stent HARQ schedul i ng

isinuse izp an initial allocation. In this nethod all
HARQ buffer=Y(vector_index).

(F) In the method of paragraphs (B)-(E), where the expression: [trunc(current TTI/
SP period)] is replaced by a value of a counter that is increased according to a

30 periodicity pattern.
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5 HARQ IDs forma vector Y of HARQ processes, and a HARQ buffer to be used
for a sem -persistent allocation is derived from

vect or i ndex=[trune(current TTI/SP_peri od)] nod Number of

sem - persi stent _HARQ 10 HARQ buffer= Y(vectorindex). (E) In the method of
paragraph (A), where at |east one bit of PDCCH signaling is used to inform
the UE 10 of g6iyinthemsihsd effarapragingB)-6%i wiere inlvespensa tqd iart@hinissichNpingf 15 HARQ

buffers are need or k- Der S| d where originally X HARQ
buf fers exi st .nef"%g’[t ??etﬁgﬁgge t"%ieu%%fetﬁiﬁg%gme%grs are divided into X+N HARQ

buffers, and N of these X+N HARQ buffers are reserved for sem -persistent

use. In this I LV L he: t i iRGEHms i gnal i ng
bei ng on, ther%é?%n L@Z@g‘?@% rsgﬂ-éf%&)%ﬁs{s%trggtﬂﬁem%%égf l?ltesﬁg 1of a DL-CCl1 to
i ndi cat e i rb whil8RQdhfferthe 20N HARQ buffers a semi-persistent transmission is
to be stored. In this nethod all HARQ IDs forma vector Y of HARQ

processes, and a HARQ buffer to be used for a semi-persistent allocation is
derived from @8t intarpritingeyenfedrhits of Bk andfor TBP) ek tpdndicate)2 amset oRBer of
sem - persi steng;s 2 o ARQ buf fer--Y(vectorindex). (F) I'n the method
of paragraphs (B)-(E), where the expression: [trunc(current TTT/
Sitperiod)] is replaced by a value of a counter that is increased according

to a 30perjgpdi (@35 %h%sﬁr%ranEDC(ﬁ@))itlt@ inlilgie WBEMAS @fhsRRSiSD3RNSpekent,E) . Where
in response to a’re-transm ssion being needed, the nethod further includes
the use of oneusig:RV information to determine whether to store semi-persistent information, or

whether the allocation is for re-transmission, where in the semi-persistent
transmission case the HARQ bits refer to the HARQ buffers reserved for
semi-persistent use.
15
(H) In the method of paragraph (G), when considered with the method of paragraph
(D) where in response to a re-transmission being needed, the method may further
include the use of: where j-bits are used in the PDCCH for indicating the HARQ
buffer, where the Number_of semi-persistent HARQ processes of all HARQ process
20  IDs can be reserved for semi-persistent use, and where RV indicates the occurrence of

the re-transmission, the correct HARQ buffer is identifiable implicitly.

(D In the method of the preceding paragraphs, where for a case where each
semi-persistent allocation is assigned its own HARQ process ID, and each
25  semi-persistent allocation may have its own periodicity, in order to avoid re-
transmissions overlapping with a semi-persistent transmission of a new packet, then
alternatively more than one semi-persistent allocation is configured, such as two

allocations with 40 ms periodicity to effectively create a 20 ms periodicity pattern.
30 (J) In the method of the preceding paragraphs, where if the PDCCH contains 1 bit to

indicate semi-persistent, and originally there are X HARQ processes and N

semi-persistent configurations, dividing the UE 10 memory into X+N buffers, and the
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(Gl) using | og2(Nunber of sem -persistent HARQ processes) bits to indicate
the 5 HARQ buffer; (@) interpreting unused bits of TFI and/or TBS fiel ds
to indicate a correct HARQ buffer/process; or 10 (G3) when using a PDCCH
bit to indicate whether a transm ssion is sem -persistent, using RV
information to determ ne whether to store sem -persistent information, or

whet her the aly} QEaty fitksi e i@ferche sdbidoR a6 bMiqudlidi Grd RedR SeMithper si st ent
transm ssion case the I§IARb bic{s rs"efls’é})re tg t he HARgdbu,ffer_s reserved for

seni - per si st entethed of paraerank) (E) shoye avithghsggersion it AGragtr ¥t PHHRY  onsi der ed
with the nmet hqe @fedRHRIAARRY éfidhe WBEG.E i N response to a re-transm ssion

bei ng needed, the nethod may further include the use of: where j-bits are
used in the PDCCH for indicating the HARQ buffer, where the Nunber of

sem - per si st eruc%kiﬁﬁ’@ RERSIESHSIBS Qf:edﬁg\})a%@l@rvﬂﬁ%sﬁ)r 3Qhdswhad ofilg oheser ved
for sem -persistent use, and wﬁere indi cates the occurrence.c‘{[lyt he
y. (1)

re-transn ssi GHARQ meocessIPerap bRiaRsed i P spa-Reginf pHogRoR: o tredy
I'n the nmethod Qe {rF‘Q’ HXIRG $dbdaes Rad ﬁggngﬁiaﬁ;istemhﬁglfrﬁfon@.dﬁlaﬁﬁg thdEE @0 Sach -
sem -persistent allqcatjon is assigned.] 0 .process. | D. and eac 5
seni - per si st erffenyry detatfidh bh’i‘ifs’h%{\?eth? t@%ﬁnb“ﬁgﬁr@ﬁﬁ?w? FR-BFUL ™ t 0 avoi d
retransm ssi ongnfMeRibRPRe NBrivddt & B HEMetpas st piaghptk r((BNSM(SEivdth e a new
packet, then alternatively nore than‘ﬁfne sem - e;@@iﬁrﬁ éénoga}]i gn is
conf i gur edl® s FEFPHE toingdhe s Pt gniort FWS’EEfSI%BB 33?3 5° &'fect i vel y
create a 20 Npapleictdhgidt 4 RAklofdntor 2acH bdpalake HARQMBtohed sfi-pdrdstpitecedi ng
par agraphs, where if the PIgCCH contains.1 bit 1t i .ndi cale se 1 -n%eorfsi stent,
and ori gi nal | yoR{Rration, aad whelR e rARSUSSIOn A acqoraP PR PSSR aG e T Ehe
confi gur at i onshe détioddionparighphs e 13,0G2yenEn)y i nto X+N buffers, and the HARQ
buffers for different sem -persistent configurations are derived as in the
nmet hod of paragraph (E) above, with the exception that N sem -persistent
par anmet er s1sar gL)Bagsdesh thé fordpeingBnIhoyld 6 apfaeentbatlilBe exemplyy émbadheentsetfhod of
t he precedi ng paragraphs, where far .a case wher | HARSR cess ID
can be assignd St"Bg’Etf?B agigﬁfo-v%&aé’ile ogh?pp%m%(s)(a:%(f(foght?,{{%%%ragr%rgipg| nafs%oqt here are
X HARQ pr ocessesUBMNG abil & nlic- B 1 st deetmine tei HARQ prooers numdberi(etiidgtotthe UE 10
menory into X+N buffers nd the HARQ buffers.fqr dif 1~ persi stent
confi gurati onsas%W@dd’g it(’/ee%a o Rt ﬁgl%ﬁ%:flﬁ%(gsw lt(})l?lﬁplésr fggsg%%géd( EW}HE( O, with
t he 10 except idntrdl Righaling, Haked obasleasobneanf therfoltovarg: t r ansm ssi on t he PDCCH al so
defines which paraneters nee be.stored for e RQ process
seni - per si & erftsyscf%mﬁf"aﬁ?‘é{? %&F&gﬁﬁw er nfnélg?rr(%{rlegﬁng%?@ﬁﬁ?é&%dgﬁbnpl i shed in
accordance wi t-humber i ARGEpmekits tseredd forseairpapibtent (@kpntrodsiss)sehedwing

(Num_SP_HARQ);

- periodicity of semi-persistent scheduling (SP_Period);

- HARQ process ID indicated for the first allocation.

25
(M) In the method of paragraph (L), where the number of HARQ processes reserved
for semi-persistent (or control-less) scheduling and/or the periodicity of semi-
persistent scheduling and/or the HARQ process id(s) reserved for semi-persistent
scheduling are signaled on the RRC.,

30

(N) In the method of paragraph (L), where the HARQ process number is determined

according to the following formula:
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15(L) Based on the foregoing it should be apparent that the exenplary
enbodi nents of this invention also provide a nethod, apparatus and conputer
program product (s) for the UE 10 and for the eNB 12 to determ ne the HARQ
process nunmber (or id) to be assuned for the transm ssions sent/received

Wi t hout using associ ated downlink control signaling, based on at |east one
of the follow ng: 20 - systemfrarre nunber (SFN) or sub-frame nunber (or

equivalently TTI nu - number. o roce eserved for

seni - per si st erﬁ“‘feﬁnHégﬁ?L%Stqr"é’sgf‘R&%ﬂﬁchfé’ Ig% .~ periodicity
of sem - persi shRINuns GREANRONY (SP_Peri od) ; HARQ process | D i ndi cated for
the first allocation. 25 (M In the nethod of paragraph (L), where the

nunber of HARQ processes reserved for sem -persistent (or control-I|ess)

schedul i ng sandiiefe ShedPBARQUIIEI YheO HARGMpropess Siuadben indivated diot iting fiasnd/ or  t he
HARQ pr ocess |d(s) reserved for sem -persistent scheduling are signal ed on
the RRC. 30 (NJ'°9%{°%he nethod of paragraph (L), where the HARQ process
nunber is determ ned according to the follow ng formul a:

Current HARQTDzStor HA runc( Curr.ent 111/

Num SP_HARQ), ®) fne “ﬁ@g@iﬁﬁ@ﬁ[&; SVHeRTe HEaR pa?ngc{é)égﬁ)]ntn% gerl fidi cat ed
for the first @lchpigad ds@lionsO) I n the nmethod of paragraph (N) where the
sub-frame {Oor TTl) nunber is determ ned as foll ows:

Current_TTI = 10*SFN+sub-frame_index,

where SFN is the system frame number (broadcast in the cell) and sub-frame_index
(0,1,2,...,9) is the index of the sub-frame inside one frame.

15
The various blocks shown in Figure 4 may be viewed as method steps, and/or as
operations that result from operation of computer program code, and/or as a plurality

of coupled logic circuit elements constructed to carry out the associated function(s).

20 The exemplary embodiments of this invention also  encompass
hardware/software/firmware circuitry and means located in apparatus, such as the
eNB 12 and the UE 10, to accomplish the methods described above, including (but
not limited to) the HARQ functional blocks 12F, 10F (and HARQ buffers) and the
scheduler 12E of the eNB 12,

25
Having thus described the various exemplary embodiments of this invention, it may
be further noted that there is a problem with talk-spurt based semi-persistent
scheduling in that the PDCCH (used for allocating time and frequency resources for
semi-persistent use) needs to be reliable. This is especially true if the resources can

30  change during the talk spurt due to error cases. If the UE 10 does not receive the
PDCCH, and the eNB 12 makes a DTX to ACK error transition, or DTX to NAK

error transition (i.e., the eNB 12 interprets DTX (=no transmission from UE) as a
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Current _TTlI = 10* SENtsub-frame_i ndex, where SFN is the system franme nunber
(broadcast in the cell) and sub-franme_index (0,1,2,...,9) is the index of
the sub-frame inside one frane. The various bl ocks shown in Figure 4 may be
vi ewed as nethod steps, and/or as operations that result from operation of
conput er program code, and/or as a plurality of coupled logic circuit

el ements constglchiedh k@KC@rrI(IXK? Uhe ERB @SHCIsRnR0thhtHRE Tnb\Q f’f{eaﬁencﬁlﬁme
Theexenpl ary enbodi nents of this inventiaon also_enconp

har dwar e/ sof t vesearces prndFE agg velig tHvexsre UFealeW‘oéSé?% q‘% e PEVIRYSs, such

as the eNB 12 ;and etrg?‘ﬁenugoxﬁﬁuraﬁ&l @msh&—t}aﬁsﬂx%sﬁﬁi Hodst epséd Wiadthabove,
i ncl udi ng (but nolt) limted to) RQ funct,ional bl ocks 12F,. 6 10F (and

HARQ buf f er s) TAlHHee QEH@C&?F’@P"S i‘?E"%‘?‘n"c them il the wrong Ll FISTTIR descr i bed

the various exgERbiping R asthbemad BARD tultes i nvention, it may be further
noted that there is a problemw th tal k-spurt based sem - persi stent

scheduling in that the PDCCH (used for allocating time and frequency
resources for SeiHhing@h6d SérHAlPIEEN cREASLS id Ds,0ad ael haDIT to HUKs o BTXspeci al |y

true if the resources can 30 e duri urt du error
cases. |f the ®RE/Fpeqgatesgigo | %’cgiegg‘etm‘éba%? E\%?ﬁ?ﬁ éﬁ%‘eig‘ ffg’ﬁes a DTX
to ACK err OrDngéﬁﬂﬁdrilétﬁiﬁ all&ﬁtldﬁ%sts?cc%fﬁl ,8¥Heh thet RN failb Qﬂ‘eédmgét gK Iehe ﬁl;l\% 12
interprets no, transm ssion fr as a or

t he eRIB 121Gy | Whiles hisymay appeat Rebs 2 e ‘ftfvggul%c??"f |pFPéalPIzt¥bﬁlr @@ ad™TFl are
valid. Howeverpersidenidliovdtioh isistentive td eaised € a Pngatiporicl «feime-thmrasdysdrsint
configuration is valid. As re-transm ssjions pt together with the
PDOCH, the UE Y18°atipt dHencaimeoeof AP cRthientety 4° ‘fh—‘nﬁeﬂ? wrong initial

transm ssion, 5 thus corrupting the associ ated HARQ buffer Assum ng that a

PO T PO e b b S PRI B4 B B i error
sem - per si §t entceplidnog ok bpthe\l&los tieed®s iUk configanad toteniiiit 1@ PKIGHEfore recei ve
it s le-4. semi-persistent allocation more than once, and to also allow for possibly different
error target (for power balancing) for the semi-persistent PDCCH transmission. More
transmission power, and/or more robust coding, may be used when transmitting a
PDCCH that contains a semi-persistent allocation
20
It is also possible that network is configured to always transmit the PDCCH for N first
semi-persistent allocations, when the allocation is initially given, or if some of the
parameters are changed during the talk spurt (instead of only transmitting the
semi-persistent allocation once at the beginning of the talk spurt, or during the talk
25  spurt if the semi-persistent allocation needs to be changed, such that the eNB 12

transmits the PDCCH a plurality (NV) of times.

A different power target may be set by power offset for the semi-persistent UE's
PDCCH. Different aggregation levels may be ensured for semi-persistent UEs 10 if

30 the channel quality indicator (CQI) threshold for the aggregation target is set
differently for the semi-persistent UEs 10.
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10 Wiile this may appear to be a relatively low error probability, in that
the sem -persistent allocation is intended to be used for a | onger period
of time than a dynam c allocation, the occurrence of an error can be very
detrinmental. In order to inprove the reliability of the PDCCH, and thus
reduce the probability of 15 reception error by the UE 10, the eNB 12 is

configured tohtageMidn bhde REMGHR idnt all&emtrN&fn&sSﬁ@nEe adnkiderad hoan mor e t han
once, and to also allow for {)osm bl f erent err(f)gﬂr'ge(%l et %f(%mdgower

bal anci ng) f ormplg@endion. IELsiEEEnd {IEEYOL VSR ransmi ssi on
power, and/ or WHRher toAID! orGOEhy, spetRfiedde stinded. ke fdrmarmsa thet iepgitian PDCCH

that contains a sem -persistent all 0 t hat
network is corfPgsrely fplly %ném“i"ri%?nqiﬁé N hé Hgd&-siﬁ?ugé éaﬂdg r?}peat%d

sem - pfer Slh%t enllodatibRGahb@ias updskenf mbaseadfltlmzxapdmm 1ssmcrﬁeﬂ|aadl klgna@dvten or if
sone of the paraneters are nged dur thet i of onl
transmtting t\r‘f‘eugéﬁ\ ?‘iﬂa?’g @@n‘%ayaﬁ’slec%%f?% mB%(Q,ereg?a 0 %&eéllgs ?1%?%3 of the g
tal k spurt, orfugher ind@adehdiabititk 25spurt if the semi - per5| stent allocation
needs to be changed, such that the eNB 12 transmits the PDCCH a plurality

(N of times. Adifferent power target may be set by power offset for the
sem - persi Stenlthetdﬁnsaﬁmaﬂmapiafsﬁeeamd fag I egat-pepsistdng viidcatioma yerthdn hasur ed f or

sem - persiste U Es | e.cha L qualit, )anfihr eshol d
for the agif 35}( f‘BIﬁo g&é‘g‘e H’i‘%@%ﬁ?ﬁb‘j Pérlbghésgsgté%n%é@s‘l as?ent UEs
10. The r epetthik iigibt Gétedté‘IEb}StﬁérbNBGQSis $dvenn tford 1l dbmstions alittis mers madilybe

oo boar af sl TPheBrg OB ens B b Fin Dok o BB oI MRS,

vendor / oper at di°® - e Specitied by
standard. |In tthe"DIX nelatapasket tetrer pretpbilitt danbe expegiedsb be #dsy ow ul |y transpar ent
to the UE 10, i.e., the UE 10 should handle the repeated 5 all ocations as
normal updates. |If the use of the repetition is specified and signaled to
the UE 10, 18 hednet diar MvadtBgentiat iuselized by the osbefiihin groodduredp that el rebigfhitity o

messages to f uorftt}naes%m{qg]e%srlsﬁen% ellocgtlonq)?a tLé Y control channel (PDCCH) is increased.

As such, any of the embodiments of this invention described above with respect to
Figure 4 may be modified to provide for this enhanced reliability in sending the
20 PDCCH to the UEs 10.

In general, the various exemplary embodiments may be implemented in hardware or
special purpose circuits, software, logic or any combination thereof. For example,
some aspects may be implemented in hardware, while other aspects may be
25  implemented in firmware or software which may be executed by a controller,
microprocessor or other computing device, although the invention is not limited
thereto. While various aspects of the exemplary embodiments of this invention may
be illustrated and described as block diagrams, flow charts, or using some other
pictorial representation, it is well understood that these blocks, apparatus, systems,
30  techniques or methods described herein may be implemented in, as non-limiting

examples, hardware, software, firmware, special purpose circuits or logic, general
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The sane approach may also be used for UL sem -persistent allocations sent
in the 10 DL control channel, although the probability that the UE 10

m sses the allocation, and this is not detected by the eNB 12, is |ower for
UL allocations, as it is nore readily noticed whether the UE 10 sends the

request ed data packet or does not send it. That is, the "DIX to data

packet” error pERbaRidikiY of 3tnthBlereAPRRraBmbRtingedeViREsy of Guine tafbimatioh ear
advantage that is realized by the use of this procedure is that the

reliability ofthreff seni - persistent allocation via the DL control channel
(PDCCH) is increased. As such, any of the enbodinments of this invention

descri bed above with respect to Figuyre 4 may be nodifie 0 proyide for
this enhanced A%ftabit sﬁ’f’vgllﬁ‘ g@ﬁeﬁ}a%a tg ea‘z’ﬁ%bﬁ‘&iﬁiiafpgmﬁ hog tIE‘JQESG ?ﬁ]ﬁ{aryn

general , It he \VeMbofiuRnte oM afvyntidhd acly rienirscticalyinberionptenenéntdsich dar dwar e
or special purpose circuits, softwar | .ogi c_or. _any, conbi.nati her eof .

For exanpl e, s‘gﬁgaﬁg &é%é%@f*%@ﬁ'%ﬁ%&ﬁ?@&@ﬂ%@%%? e, ISV\%?’?&;}&; f her

gs pects milyl lbea @Bhi; apbaned bedess.NCdnmplenvad eowerfid abftwae eolshvire Avaitalye be execut ed
by a controller, mcroprocessor or .ofher computin Vj I h the

i nvention is rfOMYITH ¢ E%F’ct ﬁ‘*&?‘ef‘e&g“v\m% % S%‘%f?%ﬁﬁora‘gﬁcggtdg Sig? r‘%ﬁ%hgﬁrrpl ary
enbodi nent s of fabrdvbid bR 8athic@dueraysuberatel Buchtspisvare toalscbanl egomatiselly mstebl ock

bt s e e g e R e e R T
met hods descr i dablishat ies ofdryighas iweld beliteartes df prevstomd desigrrhodules.iOnge the
design for a semiconductor circuit has been completed, the resultant design, in a
standardized electronic format (e.g., Opus, GDSII, ot the like) may be transmitted to a
semiconductor fabrication facility for fabrication as one or more integrated circuit

15  devices.

Various modifications and adaptations to the foregoing exemplary embodiments of
this invention may become apparent to those skilled in the relevant arts in view of the
foregoing description, when read in conjunction with the accompanying drawings.
20  However, any and all modifications will still fall within the scope of the non-limiting

and exemplary embodiments of this invention.

For example, while the exemplary embodiments have been described above in the
context of the E-UTRAN (UTRAN-LTE) system, it should be appreciated that the
25  exemplary embodiments of this invention are not limited for use with only this one
particular type of wireless communication system, and that they may be used to
advantage in other wireless communication systems.
It should be noted that the terms "connected," "coupled,” or any variant thereof, mean
any connection or coupling, either direct or indirect, between two or more elements,
30  and may encompass the presence of one or more intermediate elements between two
elements that are "connected" or "coupled” together. The coupling or connection

between the elements can be physical, logical, or a combination thereof. As employed
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exanpl es, hardware, software, firmnare, special purpose circuits or |ogic,
general purpose hardware or controller or other conputing devices, or sone
conbi nati on thereof As such, it should be appreciated that at |east sone
aspects of the exenplary 5 enbodi nents of the inventions nmay be practiced
in various conponents such as integrated circuit chips and nodul es. The

design of integral &k Qihdt hsy bScda¥d@fiol RMInmactti” P "youpldd OlBdtRA bpr ocess.
Compl ex and powerful software tools are, avail aeg%e.for copverti neglra | ogi c

| evel design ithE Bsecof SBSPICBITA ded callesauefor PERY Her L CHoB e 5B cat ed on

a sem conduct ofy $ébader 8t SlectRMBnFOT dney e sich0ksS eleafonAgictivadnkggl hayingout e 10
conductors and | ocate conpopents on a,seni conductor. sub(z%hr at&ag(%i hale) wel |
establ i shed ruvaslepsthyjadiedpio Zequgpeyregin, fhe gpcpyaye region spd ihg PRYAHOYES; gn
nodul es, Onge {iliBle dRBin@EbEPlegion, 26 FEveantbu dintfingind acti-éxhhasvdxeenpleonpl et ed,
the resultant design, in a stgndardi ed el ectrﬁ{rrl‘ic f or mat l%e.g., Qous,
GDSI |, or the Tyribernoms sonsertihedertipes of dhg varions nel AEER A LS 3br i cat i on
facility for faodemhisonthaSnRAGonGhayBehseditd hdgitageadthoirtbakdotredbuting ces.

Various nodificatiops _and adaptations t.o the.f.or i.ng ex y

embodi nent s of“sFﬁf%‘{‘]‘?rﬁ?i‘Eﬁ?si ﬁpuﬁgﬁ}lmntg’é?%ﬂﬁg eﬁffﬁ’?‘%’hg’%’tﬂg b? ﬁ%nglg%é?%'l ed in the
rel .evan:. arts jtnﬁrelgliri]mwtrafvebh@e ia@rrcqg@dite@_hﬁx%mdizege'_lﬂémm embaiimengsed (;hm| I
conjunction W | .he acconpanyi.n r ngs, wever, any and a

modi fi cati dhs WEHHO%ER ’i‘(’t?rglfr? W‘?Wﬁggmhe scope of the non-limting and
exenpl ary enbodi nents of this invention. For exanple, while the exenplary
enbodi nents have been descri bed above in the context of the E-UTRAN
(UTRAN-LTE) system it should be appreciated that the
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25 exenpl ary enbodi ments of this invention are not limted for use with
only this one particular type of wireless communication system and that
they may be used to advantage in other w rel ess conmunication systens. It
shoul d be noted that the ternms "connected,” "coupled,” or any variant

t hereof, nmean any connection or coupling, either direct or indirect,

bet ween two-pjyyore el ements, 30 and may enconpass the presence of one or
nore inter € elenents between two el enents that are "connected" or
“coupl ed" together. The coupling or connection between the el enents can be
physi cal , | ®gericiarlairesd i conbi nation thereof. As enployed herein two

el ements may be considered to be "connected" or "coupled" together by the
use of one or nore wires, cables and/or printed electrical connections, as
wel | as by the use of el ectromagnetic energy, such as el ectronagnetic

ener gy havi ng wawehemgtdasptising: he radi o frequency regi on, the m crowave

region and the o Q&n'ﬁ%\?lé))% CROd: tﬁ]oﬁe\ﬁyﬁxii@u%rg’g@e;%:egtvriaﬁgsb b®lest i@%i@&tio?ﬁha@ ever al

non-limting and no hausti ve exanp urthernore, sone of the features
of the vari oo boowsed fordchddplipgaridiow seogitdiopntohiedlingedds of this invention may

be used to advanyagdginielahamibuldorQLbRAKRABIZA NG S SoQEs idhnbfdatibeabar es.  As
such, the foregoing description should be considered as nerehéogllustrative

Oi nventi on,

of the princinpl e &SsUpRIApny iR subfiame whsHRP e Jetermiing thbasedon gt legshy
and not in I'imtahidser $MebeifutomatidrédedPequest processes that are allocated for semi-

persistent scheduling; and

a periodicity for semi-persistent scheduling.

2. The method according to claim 1, the method further comprising sending at least
one of: an indication of the number of hybrid automatic repeat request processes that are
allocated for the semi-persistent scheduling; and an indication of the periodicity for semi-

persistent scheduling.

3. The method according to claim 2, wherein the indication is sent via radio resource
control signaling and wherein the one or more hybrid automatic repeat request process

identifications are to be used for semi-persistent scheduling.

4, The method according to claim 1, wherein the particular hybrid automatic repeat
request process identification to be assumed for the given subframe is determined as a
function of a number of the given subframe which is derived from the system frame number,
the periodicity of semi-persistent scheduling, and the number of hybrid automatic repeat

request processes that are allocated for semi-persistent scheduling.

5. The method according to claim 4, wherein the particular hybrid automatic
repeat request process identification to be assumed for the given subframe is determined as a
function of [Current TTI/SP_Period] mod Num_SP_HARQ:

wherein Current TTI is a number for the given subframe derived from the system frame
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What is clainmed is: 1. A nethod conprising: configuring one or nore
hybrid automati c repeat request process identifications that are to be used
for scheduling without associated control signaling; and determ ning a
particul ar hybrid automatic repeat request process identification to be

assunmed for @Rmgdrvennhseif fcame TS périddtidBusiRl B ineBGribso BRSRAuIeN at | east
one of: a nunber of hér/rbrid automati ¢ repeat .request "@Ejo esses that are
g b

. ti .
al | ocat ed f GPEr&R; Shobgriof Sitheeri ‘Wéﬂﬁtf’??‘? FPUYnLSCEY ity for
sem - per si sthaiit  src e is i@ .numer ofifyerid@itdiade @pa0egliengrotasesthaiare 1, t he net hod
further corrpgi si ng sendi ng at Ida st one of: an indication of the nunber of
allocated for ean sch% u

hybrid aut ofaf ¢ re%egé'PerFl ues 5?%cesses that are allocated for the

sem - persi stent scheduling; and an indication of the periodicity for

sert -persi stent sahadil] Doraind to TN MRH0GM ACGRLAIAR L0 ol aim 2, wherei n

the indication is sent via radio resource contro é.l gnal i ng and wherein the
one or nor e baselop dachef: shatypiemfmpearmpagihe spmpsyr otydsidpemetiqcpeat i ons are to

be used for sREtpRRESEThR At HEHRAULI RBi-perdistentIoh ORI BEGRHisiBG 6,0 claim
1, wherein the particular hybrid automatic repeat request process

i dent i fi cat iORRH P 5LEMBE for the given subframe is deternined as a

function of ti MeRdErRd: cbigrisgigwedhdSddtild amBdivdtios Bf 1hs sydei etk fuhder ifde system
frame nunber, the (geri odi ci t% of slem't-%ersi st ent. ascktleduthg @nd t he nunber
of hybrid adtEREo FEpRes CoPEYTLr e he SYTRECY HAPIEHEn 8T "5 4P °f or

sem - per fsi sthebrid amdm_edu Irdpag.requ_Est pibhess¢yahdroa aaoamddbwngmi-p?rsjktaﬁtmlgbgulmer ein
the parti Cu'a?(rir_lanh%gircgltg)n% Ehf%gﬁéﬁ‘ii{ge@%ﬁ“'Fﬁ%ﬁg‘g&t“‘%ﬂﬁ’%sS identification to be

assuned for e glven su eter as a ranhction of [Current
TH SP_Per i odhd wheteila musher IRARED giviherdrameGudatemined 3511 0*§FMtsabrber f or t he

gi ven subfr g\gnqu&eix;v@ﬁ%&%@ﬁmme U ET A Ber JAY RS @R ath8af €F m [ Current

TTI/ SP_Peri Ts rounded to an I'nteger prior to the nodul o operation; SP
Period is t hedepefsubdiapietwjthipfthe fienseni - per si stent schedul i ng; and Num _ SP
_HARQ i s the nunber of hybrid automatic repeat request processes that are
al l ocated for sem -persistent scheduli ng. 6. The nethod according to claim
1, wherein t’he dg{aeerpqﬁoﬁia?f@rdprgto claim 1, executed by an access node of a wireless

communication network.

8. An apparatus comprising:

a processor configured to set one or more hybrid automatic repeat request process
identifications for scheduling without associated control signaling; and

the processor further configured to determine a particular hybrid automatic repeat
request process identification to be assumed for a given subframe, wherein the determining is

based on at least one of:

a number of hybrid automatic repeat request processes that are allocated for
semi-persistent scheduling; and

a periodicity for semi-persistent scheduling.
9. The apparatus according to claim 8, further comprising a transmitter configured

to send to a user equipment at least one of: an indication of the number of hybrid

automatic repeat request processes that are allocated for the semi-persistent scheduling;
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based on each of: the systemfrane nunber; the nunber of hybrid automatic
repeat request processes that are allocated for sem -persistent scheduling
and the periodicity for sem -persistent scheduling; the nethod further
conpri sing broadcasting an indication of the systemfranme nunber and

sendi ng radiQq LERRARSE of MRHERIdichl GRabhDgrd A&t samphé ses an indication of
the nunber of hybrid automatic repeat request processes that are all ocated
for sem -persistent scheduling and an indication of the periodicity for
seni - per si stignt sphegstrithigicc@fitg Whakigi 8) wherbid Marankoittet i eoriguen tsubf rame i s

determ ned as *SEN+subf rane i ndex; wherein SFN is t system franme nunber
and sub-fraﬁ@“ﬁﬁﬁ@gwwgmdﬁ“?WGE?oﬁ?egﬁﬂ?*?%ﬁﬂbgﬁ4ﬁﬁhﬁepﬁge?%éﬁggne7. The

met hod ac corhgbiidaut@natic adpaat kequest @oidess Mdebyifi@romaeete e neddorakmapausistentes s
connunicati%awgﬁgpork. 8. An apparatus conpri sing: a processor
configured to Sét"®ne or nore hybrid automatic repeat request process
identifications for scheduling w thout associated control signaling; and

the processqq furfligr, GARGGUREE ctlsf?m@%ﬁﬁeﬂ%ri@n@@é&%rﬁi%r@&d@%@ﬁi d automatic

repeat request process identifrcation to be assune or a given subfrane,
wher ei n t he telEanamirinihagiven subfasedptaonthart apsegiated qopgel grformation. 3 nunber of

hybrid automati c repeat request processes that are allocated for

sem - persistent scheduling; and a periodicjty for .sem -persistent

schedul i ng. '%9. fﬂ@a%ﬁﬁ&?%FﬂgmégﬁﬁWHﬂhd&?%mé%ﬁ?ﬁwg¢”ﬁdﬁﬁﬁg?dEbnprising a
transm tter raRAmMigh @t Wit assdflsted @nteo] US@Mmatee) indpawptthaiartic@adiybine of :  an

i ndi cation of the nunber of h¥brid autamati c re ea%.reqyesﬁﬁﬁ{qpesses t hat
are al | ocat S4OFEC "R FEERT PRy iU ARTOSR IR Ry Tt LR AV FRAI R Fon of the
peri odi ci ty rlighgaembwipdpesest ent schedul ing. 10. The apparatus according to
claim8, wherein the transmtter is configured to send the indication via
radi o resource control signaling and wherein the one or nore hybrid

aut omati ¢ rdpeat ThegpmsttusprrorcdsstoictiémBi Whaeit ihomsocesser it epniiguradted f or

sem - persi std@@;miﬁgttﬂggﬂli!‘:ﬂgmbri‘d]automﬂ? I?a%@eﬁ?%h&? pr%g&pfdgﬁtﬂﬁaﬁ&l & ba m 8,

further conprising a transnitter configured to transmt in the given
subframe datassumied foothe givss odiframe ds & netion|of the Systepnframmnumber, the periodicity

of semi-persistent scheduling, and the number of hybrid automatic repeat request

processes that are allocated for semi-persistent scheduling.

14. The apparatus according to claim 13, wherein the processor is configured to

determine the particular hybrid automatic repeat request process identification to be

assumed for the given subframe as a function of [Current TTI/SP_Period] mod
Num _SP HARQ, where the term [Current TTI/SP_Period] is rounded to an integer before

the modulo operation:

wherein Current TTI is a number for the given subframe which is 10*SFN-+sub-frame_index;
wherein SFN is the system frame number; sub-frame_index is an index of sub-frame within the
frame ; SP_Period is the periodicity of the semi-persistent scheduling; and

Num _SP_ HARQ is the number of hybrid automatic repeat request processes that are

allocated for semi-persistent scheduling.
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12. The apparatus according to claim1l, wherein the transmtter is
configured to retransmt the data with associated control information
indicating the particular hybrid automatic repeat request process
identification in response to a negative acknow edgnent or a m ssing
acknow edgensnt . Thd &parkh€ «&BRIBTAS USinAE GAEMInNBe brocesdonisoftigudaas ei n t he
processor is configured to determ ne the particular, h jSd automati c repeat
request proé@??‘?ﬂgﬁf’i”f‘?‘ﬂ%{th%w PHEC el syest Brlpcelsﬁ@e’él GePndeBt rane as a
function of akduenes s tiergiven aiiFramd Bised on t4oR o &eisgdént friyle afmteenthe patiler St ent
schedul i ng, t.he nunber of hybrid automati,c repeat request. processes
that are al I02Egirg&u?g‘ﬁggréeﬁ‘?a?beg?%ﬁg?ceeﬁ - é’% Rl Of:ar%%d.of%r Tﬁl.l"p% &"“%opar at us
accor di ng t ccledaing 43 theyrepdeity fohemppeosistsgorhedgingonfi gured to determ ne the
particul ar i ti .ephe i £l ion to be
assuned for q%{%%b%?@g%\uptg%ﬁ x?lgrﬁszr%aagseggtg B%Q%Frgﬁ{eg?&?%lj%(?%%{rd%&lg%a%[%ri od] nod
Num _ SP _HARtatigghefrthe systemtfesmqinpi@ber patheonfigyredsp spisirpdiglfespuscar@ptitled t o an
i nteger Dbef Qr@aifiGn MRELHiSh GRES Rldb@be nYARK Rl halfiifeh & teqchl pro&es@s faRer for
t he gi ven subframe which i s 10* SFN+sub-frane_i ndex; wherein SFN is the
syst em f r ane!Ipeaee 6o, seRinprrfivteechrdidias andandrdisafian el thf Pgiafictt BRE™it t hi n t he
frame ; SP BekisRe: deledulhg. periodicity of the sem -persistent scheduling; and
Num SP HARQ i s the nunber of hybrid automatic repeat request processes that
are allocated for sem -persistent scheduling. 15. The apparatus according
to cl ai m 8, 1eher ainantrhit@y ceaes StoringsSa peaidn feoephtdr eadkbicdusnudtiong he parti cul ar
hybrid automatic r t. request process identification to .assuned for
t he given sUBTTane @glghela/ aopnocgsﬁgrﬁg%f?g:uref %neapg%;%?Sé%P?ﬁ)é%gCtlﬁ%ﬁﬁrgEr,l s; Sgt he nunber
of hybrid aut omatenfiguregesd ormecpebrid qutoortssest redvatt pardes idéntibctibedhat or
sem - persi st I DG iodi ci.fy.for .sem -persistent
schedul i ng; a’% Ezébezl%%gf‘rggétchésa&?n&m%% Q%%%g{dicgr?}r?g&%r%él"}gé{ggt one transmtter
configured to brdadwidts aparticylatibytridiastametfc refees renpest prasepyidantificatiorse be and
configured to send, fadhQ &R UGS GRLLH He dSkHRRld iD6hs@bniaNdisEHcopn of the
nunber of hybrid automatic repeat request processes that are allocated for
sem - persi st ent 8e¥egudfibeyidaymatie renselirecaest pracesfes thpfaresdpqatsd fos pemi- f or
sem - persi stent shedWldffliting 4. A non-transitory nenory storing a program
of conputer readable instructions, execution of which by a processor
configures an appar at esiogisitptor pestirperisteniowsiedeldiepr i si ng: configuring
one or nore hybrid automatic repeat request process identifications that
are to be used for scheduling wthout associated control signaling; and

17. The memory of claim 16, wherein the particular hybrid automatic repeat

request process identification to be assumed for the given subframe is determined as a
function of [Current TTI/SP_Period] mod Num_SP_HARQ where the term [Current
TTI/SP_Period] is rounded to an integer before the modulo operation:

wherein Current TTI is a number for the given subframe determined as 10*SFN+sub-
frame_index; wherein SFN is the system frame number and sub-frame_index is an
index of sub-frame within the frame;

SP_Period is the periodicity of the semi-persistent scheduling; and

Num _SP_HARQ is the number of hybrid automatic repeat request processes that are

allocated for semi-persistent scheduling.
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determ ning a particular hybrid automatic repeat request process
identification to be assuned for a given subfranme, wherein the determ ning
is based on at |east one of: a nunmber of hybrid automatic repeat request
processes that are allocated for sem -persistent scheduling; and a
periodicity !for gSemethpbeosipgisiagit scheduling. 17. The menory of clai m 16,

wherein the part&&ﬁuﬁgddwwﬁﬁbduﬁHkQﬁﬁ%b&mn%@ﬁﬁ% rféguest DFOCGSS
identification to be assuned for the given subfrane is ternlne? as a

function of [ CurtCERTIMPER/PEHCHATYEHT 2HBHNURRCEP S HRRG ME e“f‘ EUPBI%h [ Cur r ent
TTI/ SP_Peri od] itse featindeldtal ®hea¢in irtdegeiiningisdragedtonet kel aheofoper at i on:
wherein Current TT1l is a nunber for the given subfranme determ ned as
10* SFN+subf r anei ndex pumbre pehybrigaNomsti¢ fapeasiegteeprosesssethatarbeliocamdifg ub- f r ane

index is an ind inthe frame; SP Period is the
periodicity of %ﬁmpégﬁggnégggﬁgl %ﬁschedullng, and Num _ SP_ HARQ is the

nunber of hybrid aut@mﬂmwthé@éﬂmlp@qﬂ@ﬁﬁ“pﬁ@&@sses that are allocated for
sem - persi stent schedul i ng. 18. A met hod conpri sing: rece|V|ng dat a
wi t hout assqci ated control sjgnaljng; and determ nin partijcul ar hybrid

automatic répeat TeHyEet aifPE?'é‘égstg Ciaﬂ’é H§-ithe rpeihqddhrtipe po Wf@‘r’lgé‘écéivv‘bgo?“d at a,

wher ei n t he iieda@6mMd it RgstioSe Sasetlintbar &thybﬁcaﬁito@’iﬁ rﬂ’fcat request peocaddeder of
hybrid auto uest roce at ed, f or

S - persi ot B Fon e BRI e og? 1Bl S SRS on
scheduling.pmiﬁmnﬁmmwnmmhod according to claim 18, the nethod further
conprising receiving an indication of at |east one of the nunber of hybrid

automati c repeat request processes that are allocated for the
sem - per si sg2ént §bhedubﬁm@owhdt¢HempbxMbdfmkmMMﬁmnhsEmﬁdp@pmwsnewwu

schedul i ng. miqtagst pr-gt'e%s m@&m%&%&gg}e@gvetdc&a 1sade J‘lﬁled meﬂl du%n() e particul ar

hybrid auto IC repeat request process identi fication tor the received
data is det eystAmnisencyimber, theeeiiaskciyfof sdms-psypisteairachadaling, mdrberumbehel

periodicity h?grldsa%{&naﬁoef ?éa% FeqiMdst ﬁgaﬁgymapage alfafted 08 sl rﬁpﬁfstegtf scff'éﬁgﬁﬁgd
automati c repeat request processes that are allocated for sem -persistent

schedul i ng.

21. The method according to claim 20, wherein the particular hybrid automatic

repeat request process identification for the received data is determined as a function of [Current
TTI/SP_Period] mod Num_SP_HARQ where the term [Current TTI/SP_Period] is rounded to
an integer before the modulo operation:

wherein Current TTI is a number for a subframe in which the data was received and

which is 10*SFN+sub-frame_index; wherein SFN is the system frame number; sub-
frame_index is an index of sub-frame within the frame; SP_Period is the periodicity of the
semi-persistent scheduling; and Num_SP_HARQ is the number of hybrid automatic repeat

request processes that are allocated for semi-persistent scheduling.

22, The method according to claim 18, wherein the determining is based on

each of: the system frame number, the number of hybrid automatic repeat request
processes that are allocated for semi-persistent scheduling and the periodicity for semi-
persistent scheduling;

the method further comprising receiving a broadcast indication of the system frame
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21. The nethod according to claim 20, wherein the particular hybrid
automati c repeat request process identification for the received data is
determ ned as a function of [Current TTI/SP_Period] nod Num SP_HARQ where
the term[Current TT1/SP_Period] is rounded to an integer before the nodulo

oper at | on: \M}ﬁﬁé?,i ﬁd%fv_ﬁ@tviatg&io iréo@c@émglrsjgnglringaansihméaﬁi_@ﬁ@f til@nm&h the data
was received and which is 10*SFN+sub-franei ndex; wherein SFN is the system

frame numberf DXHRRAMATIGERSA! fequahPTPifERek that arg liacriPd e STRitASTSH P he frame; SP
Period is tReePp@ngQsd & ihYicQfonbhthe perddidne & sshepdrsigehiechgliiling, and Num SP
JIARQ i s the nunber of hybrid automatic repeat request processes that are
all ocated for sem -persistent scheduling. 22. The nmethod according to

cl ai m 18, wher ei Thetrheghod @toerdinig i ¢igmil 8, ehasedibyoauseaqhipeént. t he system frane
nunber, the nunber of hybrid automatic repeat request processes that are
al l ocated for sem -persistent scheduling and the periodicity for

sem - per si seént Sodredbdd asgprdinge abedm H &.dvierairt the nurgleenpf hybrid gutpreg@irepenlg a

br oadcast i ngdi i f . . i.Vi via radio
resource coEt h%?wgf%ggsheglfﬂ}atngggﬁ%?%gF{}é3‘%@%“&% Ht ggdﬁﬂﬁ%gro ﬁeg?% h%étt)ﬁr})igd automati c
repeat requégtheproppeisisgsoninghe recived|dpigdme ad-tuffer farybipbgugingtie papeaichedul i ng

and an i ndi ¢atisPBy R fdrREmRREHRLL ShiduiihPindS&MtinRRIRI SHoDreSRRe@rl i ng.  23.
The net hod according to claim 18, executed by "a user equipnment. 24. The

net hod accof¥fefyraes ®MPFm 18, wherein the nunber of hybrid automatic repeat
request processes that are allocated for sem -persistent scheduling is one;
the nmethod further conprising storing the received data in a sub-buffer of

a hybrid automatic repeat request buffer for sem -persistent scheduling and

| dent i 1ying the SR RUdiStl B LR, BYEATML AT MRS g ifimahe Mot hod

according to claim1l e there the nunbe orid automatic repeat
request pr oewss wguastigecesspsahas pre aldosatedifor ssmi-peasitenpishesilkingdsan igfedsedul i ng is an

integer N tRQatisies dfSTidkdak,an i nteger X, the nethod further conprising
dividing a buffer space into N-FX sub-buffers of which N of the sub-buffers

are for senthepsthed &thsiconpsisivg dividing 2 bakfes sraprginioRt Xrsub-Bifesef whiBNioh one of the
N sub- buf f eks seyashried @Rtrdfsythin@rsisRe: sene@uimblBrobibg thefecdived dath Rensyrhean f r ame

nunber. 26. An_a rat ys, conpri si ng; buffer configured to store data
that is r ecé?%&fe‘gﬁ‘tadﬁg‘iﬁ‘f‘g%é‘l‘}é’fl%s[“h'&g%%%‘f’?cbﬁl‘re S%%t"gj‘hfg‘f“?er{g?‘[’%{nd

26. An apparatus comprising:
a buffer configured to store data that is received without associated control
signaling;
and
a processor configured to determine a particular hybrid automatic repeat request process
identification for the received data based on at least one of: a number of hybrid automatic repeat

request processes that are allocated for semi-persistent scheduling; and

a periodicity for semi-persistent scheduling.

217. The apparatus according to claim 26, further comprising a receiver configured to
receive the data without associated control signaling, and for the case that the data
without associated control signaling is not correctly received, to store the data in the

buffer which is indicated by the determined hybrid automatic repeat request process
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a processor configured to determne a particular hybrid automatic repeat
request process identification for the received data based on at | east one
of : a nunber of hybrid autonmatic repeat request processes that are

al l ocated for sem -persistent scheduling; and a periodicity for

sem - persi stgntssghedul ing.  27. The apparatus according to claim 26,
further conprising a receiver configured to receive the data w thout

associ ated control signaling, and for the case that the data w thout

associ at ed e@nt r Othe gipeAAk A& dinS tot@im S0 WhEEh ki réceitRiivBaligutea k@i at he dat a
in the buffer which is indicated by the det rninged, hﬁlt)arid aut o tic repeat
request proé"é"é‘%sm‘ﬁs’ﬂéﬂfitﬁ‘ia@a‘t"iﬂbﬁ?"maé@co“‘i"ﬁlé‘gﬁ Barstiee Je g eﬁéy " claim 27,
wher ei n t he alite@@icv&eat kGudDitbde@udeatlfiditonl #d @irther canfigatetl anenbiasihon of the dat a,
with associated control  sjgnali i.ndi.cating th articul ar hybri.d
automatic r &p@% ‘t?egﬂﬂ%glfo tb'srgbdl grsgg?hdﬁlﬁ ’lca?eidé’é{t%ie ﬁ’%mgaﬁ yl?ricﬁlrafltﬁ@?tlcég)ﬁ?ti gured to
conbi ne t he reqedst mosidenefitagat 2@ | nto the buffer which is indicated by the
particul ar hybrid automatic repeat request process identification. 29. The
apparatus according to claim26, further conprising a receiver configured
to recei ve Bhe ddthaaprartustageordieeiovcdaini2f, furbiir gomresdgragecedsnedeusd gnal i ng an
i ndi cation ofc.Rt Q3G ! andMrellivd \I;IQraﬂ%ﬁ@ﬁﬁrc@torﬁﬁ()pgigﬁliﬂé’&rpﬂﬁirchtfhnro@Q@at request
processes that are allocated for the sem -persistent scheduling and an

i ndi cation dfesttone obide pweles ptybrid putgmaicrpRsALIeq s RIOSERL WAl g,  30. The
appar atus acgor di to clai. 6 erei.n the processor.i.s.conf.igured to
Gotor mine ¢ ALSHa Bras RaRyBrTErslPoRE P B R RORRku T o S

i denti fi cat iposisttroschtduinglat a as a function of the system frame nunber, the
periodicity of sem -persistent scheduling, and the nunber of hybrid
automatic repeat request processes that are allocated for sem -persistent
schedul i ng. 30.31. TIRteePpipatcaerding Acdaimdonyherein Hlear e Ser, is ghidiewiettt he processor
is configur ggetnfnddfl SIS n{thRI RALTLEHDE rdd¥RY pricRLilioImk A fonfERBAdatd €quest
process identification for the received data as a function of [_Current

TT1/ SP Per i 843 fungripnafiheispten) figves webee therperiedisith of esmirnsritsterricheslittar j od] i s
rounded to ami hoheARF oIRHAY SutbhRicTBRE 10quRAQFREI@hat WRENIBEdGirse@nt TTI is a
nunber for a subfrane in which the data was recei ved and which is

10* SEN+sub- PFEEsAf8Yingnherein SFN i s the system frame number; sub- frame
index is an index of sub-frame within the frame; SP Period is the

periodicity. of the sem -persj stent. hedul i ng; and Nu I LS the
nunber of h;g‘ri dji]}éelf? i Siaﬁcofdén é‘éqa‘%“?gu‘g‘?{e‘“ptB% 85Ses fcf?g? rgdﬁgégqfnb%at ed for
sem - per si stempbrtisdd dehuidiangmatic3éeat Tiygesappassadansfiatedpithergeeived ddtadsm 26,

wher ei n thefd?lrc@o%%f@grre,itm@%&%uy,ﬁ it BP0 Offcrl B PR fcnt] a7 Dybr d

automati c repeat uest process 1 dentititat or the received data based
on each of : TEHEP_Byipdbinrdundedto anunitrer befarhe modubeepefionhybr i d

wherein Current TTI is a number for a subframe in which the data was received and
which is 10¥*SFN+sub-frame_index; wherein SFN is the system frame number; sub-
frame_index is an index of sub-frame within the frame; SP_Period is the periodicity of the
semi-persistent scheduling; and Num_SP_HARQ is the number of hybrid automatic repeat

request processes that are allocated for semi-persistent scheduling.
32. The apparatus according to claim 26, wherein the processor is configured to

determine the particular hybrid automatic repeat request process identification for the

received data based on each of: the system frame number, the number of hybrid
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automati c repeat request processes that are allocated for sem -persistent
scheduling and the periodicity for sem -persistent scheduling; the
apparatus further conprising a receiver configured to receive a broadcast
i ndi cation of the systemframe nunber, and configured to receive via radio
resource ConfyfoilatiStepll@tdaiQ: Abcekdadinaddrt ARt fob GenfiipeRBlenCbndauiid Aqaut omat i c
repeat request processes that are allocated for sem -persistent scheduling
and an i ndi ¢t pesiRdigity fopgenpeisisnisrheduling: semi - persi stent scheduling.  33.
The appar at uge @p&afud fur@et @melidhda rdboiverb@itigimd tdvecamenivesadedst inYibatiod oAUt omat i C
r epeat requeEt processes éhat are allocated for sem -persi st entl_schedul i ng
i s one; the PUPFED TRBHBHTES TG SUBLEBH fBRee BV a2y BFP Y e e BN ET 5 8 e at
request buf fiedicdtion oStehuniter 6f lybediutandiie depeatiejueapebeasbaniait aretaliecapd d@essor i s
configured to identifying the sub-buffer.in waich fhe received data is
stored from REPLYLTERFTANE HHOET catong theprlloRetY SG SV PEFSIM 26, wher e
t here the nudiedrlingf hybrid automatic repeat request processes that are
al l ocated for sem -persistent scheduling is an integer Nthat is |ess than
an integer X; the processor is configured to divide a buffer space into N+X
sub-buffers :0f WrhedppdVat@d actdi@nstd Braitid Rhdeithe ndritier SfAFbridRfombsd ent
scheduling, the buffer in which the Fclil)i'lita.i S .receih\églﬂ S onﬁ1 of the N
sub- buf f er s, "R JCRFLPRFFELEY gie aflecaled For egUinPRESTE8 STPERNies $ 9" W& sub-buffer in
whi ch t he dafuffericsmistg&b-Buffoof 118 bsy/ait@ntit fepererequestibeffer f@5emiA non-transitory
menory stori ng. a program of conputer readable instructions, execution of
whi ch by a d’rocessor CORf | gures an apparatus to perform actions conpri sing:
recei vi ng dahdwinirdinthe proess®0s catiigeted oridentillying thg muebttuffer; in ahidh theteesivedni ng a
particul ar £d i uest process identification for the
recei ved dafmét?lsﬁﬁé%g%oﬁﬁgggaéﬁgﬁﬁurﬁb% is based on at |east one of: a
nunber of hybrid autonatic repeat request processes that are allocated for
sem - persi stygnt  sEReAWL BiaiR 56l wierd Blele M Hombdf of Bbrid RMImABE Fepbaleqitht
scheduling. 36.The nmenory of claim35, wherein the particular hybrid
autonmatic r mgsgesﬁl@hg@g]{ocated for semi-persistent scheduling is an integer N that is less than an

integer X;

the processor is configured to divide a buffer space into N+X sub-buffers of which N of the

sub-buffers are for semi-persistent scheduling,

the buffer in which the data is received is one of the N sub-buffers,

and the processor is configured to identify the sub-buffer in which the data is stored from the

system frame number.

35. A non-transitory memory storing a program of computer readable instructions,
execution of which by a processor configures an apparatus to perform actions comprising:

receiving data without associated control signaling; and

determining a particular hybrid automatic repeat request process identification for the received
data, wherein the determining is based on at least one of: a number of hybrid automatic repeat

request processes that are allocated for semi-persistent scheduling; and

a periodicity for semi-persistent scheduling.
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process identification for the received data is determ ned as a function of
[Current TTI/SP_Period] nod Num SP_HARQ where the term[Current rr

| / SPPeriod] is rounded to an integer before the nodul o operation: wherein
Current TTlI is a nunber for a subfranme in which the data was received and

which is 10* @Emsﬁéﬁeﬁq&%umﬁi%;w%ﬂﬁ{tﬁ‘éﬁn@ﬁmﬂy&lédﬂ%nﬁﬁf%ﬁe@ﬂrﬁ nunber and
sub-franme_index is an index of sub-frame within the frane; SP Period is the

peri odi ci ty PEeest gntiiggrion R e reseide o exfEganadgs @ g ioRahCurT @ HARQ i s the
nunber of hyia/sel PaddpAed Nem ISPPRARQ A6 &8 terrp[mle&smwspb&hocqmo@ldé@c ated for
sem - per si Sttg Qntmtggepge(ii(yrle %hg g\'odulo operation:
wherein Current TTI is a number for a subframe in which the data was received and which is
10*SFN+sub-frame_index; wherein SFN is the system frame number and sub-frame_index is

an index of sub-frame within the frame;

SP Period is the periodicity of the semi-persistent scheduling; and
Num _ SP_HARQ is the number of hybrid automatic repeat request processes that are allocated

for semi-persistent scheduling.
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