| Method and Arrangenment in a Tel econmunication System FI ELD OF THE

| NVENTI ON sThe present invention relates to HARQ processes used for both
sem - persi stent scheduling and dynam cally schedul ed transm ssi ons.
BACKGROUND I n order to achieve efficient link utilization, nodern radio 10
interface protocols support Hybrid Auton?tic Repeat reQuest (HARQ . A HARQ
transm ssion is characterized by transmtiting a channel-encoded (e.g., by
using a Turbo Code) data unit to the receiver. The receiver replies with a
f eedback signal that indicates either the successful reception (ACK) or the
15 unsuccessful reception (NACK). In case of a received HACK, the data

sender retransmts the Sane ot her so called d dancy r t he
sane data unit. The HAﬁ@ recelve%rrapgeme%%lnes aF? ?@gggbéﬁxﬁeg gaﬁ%n
versions for the particular data unit. For each termnal there is one HARQ

20 entity in the transmtting unit, e. g a base station such as an eNodeE

and one HARQ entity in the recei u T4/’ equi pment, UE. Each
HARQ entity hosts of a number of pgggl tmgﬁ processes. The LTE radio
access is intended to use schedul ed 25Itransn155|on, i.e., shared
transm ssi n resour cesTheaprsseassignent o usdiadegn tg VARG BHFaSIEse'S§eal e.

The schedul er gﬁgi bg Qnhst géréﬁ UL & A bﬂg?ﬁgognﬁcﬁydé%Ekal§réﬁﬁﬂﬂdﬁ%bon

is located int ase stat e mal n no operation for

schedul er in LYERsnissigmed to be dynami ¢ scheduling 30 whereby the base
station transmts scheduling nessages, i.e. uplink grants or downlink
assignnents, to the UEs to indicate 2pacrerROUND

In order to achieve efficient link utilization, modern radio
10 interface protocols support Hybrid Automatic Repeat reQuest
(HARQ) . A HARQ transmission is characterized by transmitting
a channel-encoded (e.g., by using a Turbo Code) data unit to
the receiver. The receiver replies with a feedback signal
that indicates either the successful reception (ACK) or the
15 unsuccessful reception (NACK). In case of a received NACK,
the data sender retransmits the same or another so-called
redundancy version of the same data unit. The HARQ receiver
soft-combines all received redundancy versions for the
particular data unit. For each terminal there is one HARQ
20 entity in the transmitting unit, e.g. a base station such as
an eNodeB and one HARQ entity in the receiving unit, e.g. a
user equipment, UE. Each HARQ entity hosts of a number of

parallel HARQ procesgses.

The LTE radio access is intended to use sgcheduled
25 transmission, i.e., shared transmission resources can be
assigned to usersg on a very short time scale. The scheduler
deciding on the resource allocation for uplink transmission
is located in the base station. The main mode of operation
for the scheduler in LTE is assumed to be dynamic scheduling
30 whereby the base station transmits scheduling messages, 1.e.

uplink grants or downlink assignments, to the UEs to indicate



whi ch physical resources they have been allocated for uplink transm ssion
and downl i nk reception. The base station also indicates how the data
transm ssion shall be coded and nodul ated in both uplink and downlink. For
downl i nk, where an 5 asynchronous HARQ i s assuned, information conprising
HARQ process id and redundancy version is included on a control channel as
part of the scheduling assignnent. Since fér the uplink a synchronous HARQ
protocol is assuned, the enpl oyed HARQ process |ID and the redundancy
version are coupled to the 10 transm ssion timng. Thus this information is
neither sent imhihe pipysitdelgrasbunces i thgarkddeelbeeo théouptédhikfan awpdanksi on
on an uplink c rol.channel .. | nstead, bot er d.recei .can ive
process |ID andg?éa?fﬁl asnlg:%f/1 vaenrdsié(;%wrﬁrlél?r{]t eecrétpﬁzgrglgm sTglgor]? agt(:é ats\lljcg{t@g ‘?ﬁggLTE
MAC speci fi cat iodisatppor hewt wohai fdeerentracdreidisliong shodels. bBynepdasl  and
scheduling is th de.i.n ich each inigial (new transm ssion ata is
i ndi cated via goggg‘) St l@hg%kﬁgl u%“é’ﬁ?@éée}( DoF\t/% ;&r?&'ni%rﬁ}?’r o@%%a%ﬁel ).
Sem - per si st entsgodiethildurg YBRS) ikS ddwmumode infommachopactkompniting HA8®) 20

transm ssion i s _nade on.pre-assigned resources, .i.e he r.adi o resoyrces
uded  on tah contr

p ’
are known in tRECTTRE AAdFTFebT "ol -5 The J§P§ntcélc frque thus makes
assignnents (domahhek skatpedd afsSniissi edheduligbanbsigupdnink gaice for the
transm ssion) for the first transm_ssion of data,superflu ustrgnd t hus saves
control 25si gndPthy* r s R TES e TV RamTEteERedbP | AES PG 88 rBvel y
much si gnal i nguRR@r heatkssl NDo&ARI tHeo Hept@nthi Setieirhead, cotiphas theehe

decided in 30PP to support so.called seni.-persistent schedulj SPS).. In
GPe ha por odF BT RS ERBHE | v T bR hTT eGP CEhLHer (SR in
assi gnment (downéi ak)ihe et gldrednvigh il 1IBRCtoRado uBesakr eeaantadlon
rotocol. The SPS is started by transnmtti a _grant/assignment _on the
IgDCCH. 3 In P%E Phe Uipjiléﬁ)ﬁ f‘?%‘éﬁo n 6F*UER! on ﬁéeﬁ)ccﬁ?qg@ dﬁﬁl%g%f/ P&si ng
the CRC, CycligeRetkndangy ddesk ptdSsssThep Lidmi dedmiithdandit yeesdldny fE&okNTI)
is scranbled with the CRC such that when a nessage is transmtted on PDCCH
only the LIE thaf T EErEMPRs®S WS h the correct G-RNTI will have a
successful CRC. O her UEs will scranble with a different C-RNTI and their

CRC wi || not behsucTesERQl spddiisi ddhey i duppebirseartdot be £f€onmmndsonedieng
PDCCH. For BPS a.separate .C- RNJIl .is,used e BPS G:RNTl., Thus the LJ.E.can
i St ngut sh 1 RS R0 e T G o GRAELE P e CBE PREe pHOOH & o S hacy 1o
grant/ assi gnnehtewr tassenispessict elttagriantihdssagaimenta basedtonl whainel
C-RNTI is used,_The base stati i s.responsible for assigning the different
CRNTI s ani quel TPra e nemeer Bl RERrar iR aareng Bacy a11e6n
t hus has the fedhemngg scdrmacier ichbl asode Conf whurat ieerehofirBRS&ls o vi a
the RRC pr20t ocol, i.e., the, resogrces t hat n‘ight b ll;sedu]@gés new
transni ssi’dns (OPPOSEE 8 HARQTFEEr aNs PSS BRSIIRTE EonPIgtred. * Pt 85§ i s
configured, theadict usdsanicegatirenkindwdorne whieh t26a BRBECHrrgssage. ddinis). a
PDCCH si gnal I'ﬁ'leuses%st Otgglgrllivqautee thus makes assignments (downlink data
transmission) or grants (uplink data transmission) for the
first transmission of data superfluous and thus saves control

25 signaling resources.

The dynamic scheduling requires relatively much signaling
overhead. In order to reduce this overhead, it has been
decided in 3GPP to support so called semi-persistent
scheduling (SPS). In SPS the periodicity of a scheduling
30 grant (uplink) or sescheduling assignment {(downlink) 1is
configured via an RRC, Radio Regource Control, protocol. The
SPS 1is started by transmitting a grant/assignment on the

PDCCH.



the BPS resource usage with the RRC-configured paraneters. New HARQ
transm ssions are transmtted at the given BPS resource allocations.
25Requi red retransm ssions are dynam cally schedul ed (but *he
T-rkRQ process is a sem -persistent process. This should not be confused
with a dynam ¢ HARQ transm ssion, where the first transmssion is

dynamical ly scheduled), i.e. a PDCCH nessage is used to indicate the
30retransmssion. 4 A HARQ process used for sem -persistent scheduling
can still be used for dynam cally scheduled transmssion, i.e. a certain

HARQ process i sséflEt tbd téeriifHeatdPs of djnamm cthec REEGH hy. AP exaepl e,
if a dynanic H/ﬂ%@ r ORESSRd S Fggelhh Q@ &9& }ﬂraﬂee POOGH SPReagki yadian,i s

recei ved (i ndi cate by the 'SPS C RNTI d nam c process is term nated
and the SPS HARQYpieeebs GVRYHT) dés e&r@mblrﬁgi dfatta th@ndi%ﬁ Jeieht heat when a

transm ssion i %e@%ggpof‘s 2355 gned 5&%&;&{3%&2%&’% t’ﬂ%%ségesé:?arrﬁﬁ%ts for

the 10 subsequent S transm ssion tha e SPS activation. t he
ot her hand,5 i f vai#hSPSe prosesss CsRNAI usel laddgva dyﬁam@SEl-MRQCﬁﬁan@ﬁh%%ﬂEﬁ is

schedul ed (i ndi,gated by the GRVE s 18 POECH: 1895208 TUBL s Pecgentsy e

PDCCH nessage, conprising a sc ul'ing nmessage, i.e. 5 uplink Gant or
a downl i nk Assibgnmevmicesisficlud@bua filelyd dehbt édsa@rCNDthfé NeamDan@d on the

Indicator). Thertrel desizess CULenily o B The M Didyd Ssdn Loportant

indicator to resolve error ¢ has "been orlglna i nt roduced
for the dynam §hsehebel itgamde st 20§Fat st yirfam e'esehedqlllasrsggnmeet/g\haeme drhe

first trans ssianchscgynan calluy schedylod. .1 he. N i s togaled. vi.th

each new transm ssion can
transmi ssi on apdant/aédilgnmemti roddeal sa:nre wua,lche CmeTtiorxsespeﬁdl nFhdAR@ se

retransm ssiong,f eci_f Pro i of_gdewnl i nk
transm ssi on t%l 95?{{‘0% % Sb% ect at%éewamg%%r}gnsm ssion
starts or whet beigaelettcanswi §85on is to be expect ed. Consequently, it
either flushes the HARQ buffer (in case of a new transm ssion) or it

attenpts to SOEEm§Q&Q&ﬁ%t%%% scheduling operation thus has the following

15 characteristics:

. Configuration of SPS is done via the RRC protocol, i.e.,
the resources that might be used for new transmissions

(opposed to HARQ retransmissions) are configured.

. If SPS is configured, the actual activation is done with
20 a PDCCH message. Thus, a PDCCH signal is used to activate
the SP3 resource usage with the RRC-configured

parameters.

. New HARQ transmissions are transmitted at the given SPS

regsource allocations.

25 . Required retransmissions are dynamically scheduled (but

Tl 3 o
process. 1015

T

still the HARQ process is a semi-persisten
should not be confused with a dynamic HARQ transmission,
where the first transmission is dynamically scheduled),
i.e. a PDCCH message is used to indicate the

30 retransmission.



30 retransmission wth the existing content in the soft-buffer. For uplink
transm ssion the NDI indicates if the GE is expected to performa

retransm ssion of the previously transmtted data or if it shall flush the
process and obtain S new data from higher layers for transm ssion in the
dynam cal | y assi gned resource. However, it has been decided that SPS
activation will use the value NDI =0 and SP$ retransm ssions will use the
value NDI=1 5 in the correspondi ng PDCCH signal. Thus, there exist two
different interpretations of the ND bit depending on the RNTlI val ue used
for addressingea Usenakguppidids Wksd OﬁofheeRDE;ﬁ}tstsftehlne sBiBSdG;LR\ﬁI cas

used, the NDI determ es, whet h PS will ctl v or et her.
retransmission i s & o ESF d)ﬁ%ﬁﬁ %%W é’dufqﬁe prroa(l:nessmslesssmflhe
NDI has a different. erreamc@gtaSnpmmognsdqe@xplsanaedtlé"dnetcde@&ean Sre use
the NDI bit for SPdS acti vation and retransni ssi |nd| cation for. BP Sads
Sty A PR

to problems, sincéYANew i AEETP i oR%Fs FRtTOducedt 18
process associ at edbicelsBRS I’S‘BS!DHJI’@QSgth@gH géndea t eOQEH agBd yacusiez(itbynais

dynami cal | y schedul ed HARQ sm ssion, the NDL valu of be,_ap

as in the case whéreStHeIHA %&F&’?&gs g% Xt ustvel 'Pg\gﬁ[gdul ték[a € dy Al ﬁ‘?‘&gl ly.
Since the NDI bit gisceber gd tormiphatddmiid drke sHARGrROOpESSe 28 @rdrtiies HARQ
process can be either an BPS ‘iﬁprocess or a d nam caIIy schedul e process,

the current speci fPCACIBA Wt d A¥hF NG afiREr FEHEBUSSBERavT oF2ST 11k PEfie NDI

relating to BPS weidsdgheal Megpieted ird t hecaonhexta®d tbe gynanter HARQ
process, when the first dynam cally schedul ed HARQ 25t ranim' Ssi og t akes
pl ace in d°%rocesSHREEURES bEBH uLEGFTREGPFLDN Q]P%E] r EOLLPBF rr id®pefSPe.

SUMVARY activation. On the other hand, i1f an SPS process is in
use and a dynamic HARQ transmission 1s scheduled

(indicated by the C-RNTI), a PDCCH message must be sent.

The PDCCH message, comprising a scheduling message, i.e. an
15 uplink Grant or a downlink Assignment, includes a field
denoted as NDI (New Data Indicator). The field size is
currently 1 bit. The NDI bit is an important indicator to
resolve HARQ error cases and has been originally introduced

for the dynamic scheduling mode.

20 For dynamic scheduling, i.e. where the first transmission is
dynamically scheduled, the NDI bit is toggled with each new
transmission. Thus the wvalue can be either 0 or 1 for a new
transmission and it will remain the same value for
corresponding HARQ retransmissions for a specific MAC

25 Protocol Data Unit, PDU. For downlink transmission this
allows the UE to detect whether a new HARQ transmission
starts or whether a retransmission 1is to be expected.
Consequently, it either flushes the HARQ buffer (in case of a
new transmission) or it attempts to soft-combine the

30 retransmission with the existing content in the soft-buffer.
For wuplink transmission the NDI indicates 1if the UE is
expected to perform a retransmission of the previously

transmitted data or 1f it shall flush the process and obtain



6 One aspect of the invention relates to a nethod in a user equipnent, UE,
in connection with a base station in a cellular comrunication system for
avoiding errors in a HARQ process, wherein an NDI flag is used both for
indicating s either sem -persistent scheduling, SPS, activation or SPS
retransm ssions, and for indicating, by toggling of the flag, a new
transm ssion in dynan c scheduling node. The net hod conprises the steps of
receiving, in a scheduling nmessage, an indication that 10 dynam cally
schedul ed transm ssion will take place; if a sem persistent resource has
occurred for thevwsafetHARYPr oddsthesi ndevarpr efPoustyaradsisdes i Al c&ff on

for dynanicalIﬁgﬁgnﬁgﬂhﬁdagg?€§gag§; \-khen considering the NDI flag to be
the va

toggl ed regardliess o e of the NDI flag. 15 Thus, according to an

enbodi nent of the invention, a previous dynam cally schedul ed NDI val ue,
recei ved bef or BOVEECHARD preckssn viacigsddthat SRhidapdivafsprntiScheduFiag,

SPSZ is,ignorGQapﬁetﬁBﬁJé %ndwgﬁgeQ¥t§§¥s$ﬂgsfﬁﬂgu§ilie&@%V@KEiJhE%éfmbill
i ndi cation for dynam c scheduling of a transm ssion after the 20 HARQ

process hass beén Uded 4uireSPSNAisgad®FCEd, siiedebyT™Ufe NBISHS a§*1&" r &Yar ded
as toggl ed. Sajdeschedul { NG NRIIAYEARY SOMPId SHAMNLUP! BBKeSE ALY . oRY LHBANS

of which the base station requests a new data transm ssion fromthe LIE.
The LIE may usBNBhevafua hsddbligniadfiressasgan Vael cBEviommerttat Udyn&mi BRI y

schedul ed trangphssi off Wild ke RLage; o tig $Ceflulir BB SR0Sd Sarddeessed
1-0 the CG-RNTI or to the Tenporary C-RNTlI, or was received in a Random

Access responséPsSalll sehedatr ingt sessngehatlyemal @ erpiatdnaspsdonpriiss &gt -
downl i nk assjign . a i C e t i o, d nehingat ajnew
3Q asglg q‘?%ﬁgg%(}éﬁ%h%gwﬁ hinlly ;%Péceefs%{e%é thd Neipgatiess as

data transm ssion to t he L may use ohe o
different meaning as previously explained.

The decision to use the NDI bit for SPS activation and
retransmission indication for SPS leads to problems, since a

new interpretation is introduced.

15 When a HARQ process assocliated with SPS resources should be
temporarily used by a dynamically scheduled HARQ
transmission, the NDI value can not be applied as in the case

where the HARQ process is exclugively scheduled dynamically.

Since the NDI bit is stored in relation to the HARQ process
20 and the HARQ process can be either an SPS process Or a
dynamically scheduled process, the current specification
would lead to an erroneous behavior since the NDI relating to
SPS would be interpreted in the context of the dynamic HARQ
process, when the first  dynamically scheduled  HARQ
25 transmission takesgs place in a process that has been used

baged on

It is the object of this invention to mitigate the above

mentioned problems.



7 followng as an indication that dynam cally schedul ed transm ssion w ||
take place: the scheduling nessage is addressed to the CG-RNTlI or to the
Tenporary C-RNTI, or to the RA-RNTI, i.e. the Random Access RNTI. The UE
may receive the scheduling nessage on a Physical Downlink Control Channel,
PDCCH. A second aspect of the invention relates to a User Equi pnent, UE,
connectable to a base station in a cellul a® comunication system said UE
being configured to avoid errors in a HARQ | o process, in which an NDI flag

is used both for indicatiﬁg ei ther sem -persistent scheduling, SPS
activation or BPS PéPrahsAEsShensnvandieer rEhdieht Fhg B?th@%gPFnQ &Fethe

flag, a new trapsiheshon i, dypamg,seheduhi ng qipdg. Jhe Uscqeipni ses 45- a
transcei ver unit conflgured to receive, in a scheduling
message, ani ndi §at1iléh%aft<awﬁrpéauwseﬁ@m,eoﬁqw ANSAPERY orr @1y inalke HHRQCce;

a processing u%%cggyf' guELL: { 0.6hegs 1£:1 .8, segi ues&S'b%kﬁntfcrresm&eaﬂﬁg

occurred for the sane HARQ process 20 since a previously received
i ndi cati on ¥ or edyhani camiyperdieshared s¢laednliisgi orSkhd eotEorsiafer ox hEFRDI

flag to be toggled.fegardless gﬁdtf6% fﬂ%f%a%&n% é$£%3§¥1? gfséﬁéjflagetho

condition is fulfilled. At aspect Pafes to a
in a base 25 stattison ﬁwmﬁéephodn\/\ﬁdwa@l@E faheglud éhd ulmedec o rfirgniesatiogn

system for avapgdipg arrors ip.a RQ process, wherein an NDI flag is used
both for |nd|catﬁ%g sewf Eefsggtégﬁ schedul i ng, BPS, activation and SPS

retransm ssions and for indicating, by toggling of the flag, a new
transni ssion i n dATEFENS0sdRedul iSr§eABYENT TReSARIhod 2Bonididises iPRe HEéps

of 10 dynamically scheduled transmission will take place;

- 1f a semi persistent resource has occurred for the same
HARQ process since a previously received indication for
dynamically scheduled transmission, then considering the NDI

flag to be toggled regardless of the value of the NDI flag.

15 Thus, according to an embodiment of the invention, a previous
dynamically scheduled NDI wvalue, received before the HARQ
process was used for Semi Persistent Scheduling, SPS, 1is
ignored by the UE, whereby any NDI value, received in a first
indication for dynamic scheduling of a transmission after the

20 HARQ process has been used for SPS, is adopted, whereby the
NDI flag is regarded as toggled.

Said scheduling message may comprise an uplink grant, by
means of which the Dbase station regquests a new data
transmission from the UE. The UE may use one of the following

25 as an indication that dynamically scheduled transmission will

LalCc ] Lile SOileul il

take place: the scheduling message is addressed to the C-RNTIT
or to the Temporary C-RNTI, or was received in a Random

Access response.

Said scheduling message may alternatively comprise a downlink
30 assignment, by means of which the base station indicates a

new data transmission to the UE. The UE may use one of the



S indicating, in a scheduling nessage to the UE that dynam cally schedul ed
transm ssion wll take place; if a sem persistent resource has occurred
for the sane NARQ process since a previous indication to the UE for 5
dynam cal ly schedul ed transmi ssion, then setting the NDI flag to any val ue
and considering the NDI flag to be toggled regardl ess of the value of the
NDI flag. Thus, according to this enbodi neht, the nethod perforned by iothe
base station conprises the step of setting the NDI flag to O or 1 or an
arbitrary val ue, whereby the UE will regard the NDI val ue as toggl ed,

i ndependent of fohkowialoue asf tave firalg.cahipour thabis perargfcalie i B¢ AR bed
relates to a b@égnsﬁrh%tsllgﬂ 'xﬁlﬁ"”%ﬁéa%ﬁa thtﬂeu%dh%dﬁlg l%é%rsage is
conmmruni cation system configured to avoid errors in a HARQ process, the
base station be@dmp&mwﬁtgutbd QGHU@eorlnoaUHAN@mmmméessctﬁNEbnﬁﬁht@atm%n
with a UE, an I 29 ;bat h r cat.l r sem - persistent

schedul i ng, Ségg%ﬁélvat?ont%glgt%% Oi%gggaﬁg#?53|ons and for indicating,
by toggling of the flag, a new transm ssion in dynanlc schedul i ng _node. The
base statién cBaprilBewy aesehedutbibagedmduidas ngapedet @ stHEMAEa dynam c
transm ssi on; 85&nf5&ﬂ*@%%3§b¥eﬁhgﬂh 1cofd@ured to transmt in a scheduling
nmessage to said UE, an i1 ndication t rIynAn10|Iy schc.ranic.ri

transm ssion will take place; a proce53|ng unit configured to check if a
seni persistent $¥SBGr GEPRES O il @ VEDE LPRer She SHARG pY Stle SSIEiPRER a 30

previous indi cgt| QdRcthgI VS o wharigakby Scheduhed:ir ansigsicaBisnd to

set the NDI flag to any val ue and
system, said UE being configured to avoid errors in a HARQ

10 process, in which an NDI flag is used both for indicating
either semi-persistent scheduling, 8PS, activation or SPS
retransmisgions, and for indicating, by toggling of the flag,

a new transmission in dynamic scheduling mode. The UE

comprises
15 - a transceiver unit configured to receive, in a scheduling
message, an indication that dynamically scheduled

transmission will take place;

- a processing unit configured to check 1if a semi
persistent resource has occurred for the same HARQ process
20 since a previously received indication for dynamically
scheduled transmission and to consider the NDI flag to be
toggled regardless of the value of the NDI flag 1if said

condition is fulfilled.

A third aspect of the invention relates to a method in a base
25 station in connection with a UE in a cellular communication
system, for avoiding errors in a HARQ process, wherein an NDI
flag is used both for indicating semi-persistent scheduling,
SPS, activation and 8PS retransmissions and for indicating,
by toggling of the flag, a new transmission in dynamic

30 scheduling mode. The method comprises the steps of



9 consider the NDI flag to be toggled regardl ess of the value of the ND
flag if said condition is fulfilled. The base station may for exanple be an
eNodeB. Thus, said base station conprises in this enbodi nent nmeans 5 for
setting a value of the flag (NDI) in a first decision for dynam c
scheduling after the HARQ process has been used for SPSto 0 or 1 or an
arbitrary value. According to enbodiments 8f the invention applied in
downl i nk, a user Equi pment WE) performs the check for the 10 previous usage

of the HARQ process, whereby the risk that the HARQ receiver nig%%
interpret a new tFBR5FAEISI%N A48 af r etTHESHLEY| ORSSSATiSCh CRoUFRE | fHat

errors, is avobgﬁgmiém%; s2BL8Gi Sa Advanliagesnapti Nawel features of the
invention will becone apparent fromthe follow ng detailed descriptionis

of the invention when considered in conjunction with the acco ag¥ing
drawi ngs and clraitfs?® BRHEPTHESEREPT WW%@WN@?%%O?O% A5 and

ot her objects, nhegt Yr&se ANt 202V anta08ss OfndiNaidiRveRbi @R Wi | £dye appar ent
fromthe follow ng detail ed description of preferred enbodi nents as
illustrated indyﬂém%ﬁ%$&yuﬁgheduled transmission, then setting the NDI

flag to any value and considering the NDI flag to be

toggled regardless of the value of the NDI flag.

Thus, according to this embodiment, the method performed by

10 the base station comprises the step of setting the NDI flag
to 0 or 1 or an arbitrary value, whereby the UE will regard
the NDI value as toggled, independent of the value of the
flag.

A fourth aspect of the invention relates to a base station
15 connectable with a UE in a cellular communication system,
configured to avoid errors 1in a HARQ process, the base
station being configured to use, in a HARQ process in
communication with a UE, an NDI flag both for indicating
either semi-persistent scheduling, SPS, activation or 8PS
20 retransmissions, and for indicating, by toggling of the flag,
a new transmission in dynamic scheduling mode. The base

station comprises

- a scheduling wunit configured to schedule a dynamic

transmission;
28 - a transceiver unit configured to transmit in a scheduling
message to said UE, an indication that dynamically scheduled

transmission will take place;

- a processing unit configured to check 1f a seml persistent
resource has occurred for the same HARQ process since a
30 previous indication to the UE for dynamically scheduled

transmission and to set the NDI flag to any value and



Fig. 1 shows a flowhart for downlink according to an enbodi nent perforned
by a CE; 25Fig. 2 shows a flowhart for uplink according to an enbodi nent

perfotmed by a CE, 10 Fig. 4 shows a flowhart for uplink
according to an enbodi nent perfornmed by a base station; Fig. 5
shows a schematic illustration of a User Equi pnent according to an

enbodi nent of the invention. Fig. ’6 shows a schematic illustration

of a base station according to an enbodi nent of the invention.
Fig. 7 shows a flowchart for downlink according to an alternative

enmbodi nent per FERFERDyERE UPI flag to be toggipq. reIxfhissa ofl SRENYALYFor
downl i nk accor g nghd qusn flgﬁaif esat ivegerbedi rentuipenfieamed by a base

station; Fig. 9 shows a flowhart for uplink according to an

al ternative enbodi nent sJoerf,or med by a base_station Fig. 10 shows
a flowchart forR8gPdsik SEEEOPRI TRY tIPaf*aPef nat i &k SBRO6E! nent performed by
a UE. 15 DETAI LED DESCRI PTI ON The present invention can be

exenplified i nThhe, f shldwbaage Nnetatidh t togoieser iipt | @n of edsdiddienentreand t he
Inventlon's for setting a value of the flag (NDI) in a first decision for
dynamic scheduling after the HARQ process has been used for

SPS to 0 or 1 or an arbitrary value.

According to embodiments of the invention applied in
downlink, a User Equipment (UE) performs the check for the
10 previous usage of the HARQ process, whereby the risk that the
HARQ receiver wmight interpret a new transmission as a

retransmission, which could lead to errors, is avoided.

Other objects, advantages and novel features of the invention
will become apparent from the following detailed description
15 of the invention when considered in conjunction with the

accompanying drawings and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, features and
20 advantages of the invention will be apparent from the
following detailed description of preferred embodiments as

illustrated in the drawings.

Fig. 1 shows a flowchart for downlink according to an

embodiment performed by a UE;

25 Fig. 2 shows a flowchart for uplink according to an

embodiment performed by a UE;

Fig. 3; shows a flowchart for downlink according to

an embodiment performed by a base station;



20 A solution to the problemof having two different interpretations of the
NDI bit depending on the G RNTI value used for addressing a User Equi pnent,
UE, is to ignore the previous dynam cally schedul ed NDI value, to adopt any
NDI received in a first PDCCH nmessage for dynami c scheduling 25 after the
HARQ process has been used for SPS and to interpret it as new transm ssion
attenpt rather than a retransm ssion. An additional condition that is
required to avoid HARQ errors is that the PDCCH nessage is the first PDCCH
nmessage for 11 dynam c scheduling after SPS deactivation. It is possible
to start either with &Figped fileowNDla ViAlowehaet gfoal waysnkl arccgldiays to, anr an

arbitrary valugpﬁgdghéyyj %Efbba%alﬁgegﬁ%%% EQQ%&&DB UE checks whet her the
e

NDI value in 5 receive wnl'Tnk assrgnnent or uplink grant was
increnented (assuming a nodulo 2 operation) or, equivalently, toggled
conpared to the previ dig vabueshoRisat ai schehetiecdiNegtNEDriom| @8 has Useen

toggl ed when e NokeHalEoss A Of o G UBALEACLO & REEVEAUSH¥Rbye Of O of

1, respectively. According to the e I ment o e I nvention described
above, this check is only perforned when the HARQ process was occupied in
the previols transni sish b§ £hpigant cdAdhpraeheddllddstranser ssifond PRSEon

the other handgtfpeod e3RUEES5NEY Ea D8RI R¥LOUSE VeHesedvERE 18N .
senl-per5|stent transm ssi on

Fig. 7 shows a flowchart for downlink according to an

alternative embodiment performed by a UE;

Fig. 8 shows a flowchart for downlink according to an

10 alternative embodiment performed by a base station;

Fig. 9 shows a flowchart for uplink according to an

alternative embodiment performed by a base station

Fig. 10 shows a flowchart for uplink according to an

alternative embodiment performed by a UE.
15
DETAILED DESCRIPTION

The present invention c¢an be exemplified in the
following non-limiting description of embodiments of the

invention.

20 A solution to the problem of having two different
interpretations of the NDI bit depending on the C-RNTI value
used for addressing a User Equipment, UE, 1s to ignore the
previous dynamically scheduled NDI value, to adopt any NDI
received 1in a first PDCCH message for dynamic scheduling

25 after the HARQ process has been used for SPS and to interpret
it as new transmission attempt rather than a retransmission.
An additional condition that is required to avoid HARQ errors

is that the PDCCH message 1is the first PDCCH message for



as and now it is detected that a dynam c transm ssion shall be perfoined,
then the UP should, according to this enbodi nent of the invention, consider
the NDI val ue as toggled (regardless of the NDI value in the received PDCCH
assignment or grant) and for the uplink case performa new transm ssion, 20
and for the downlink case, treat the received transm ssion as a new

transm ssion. This enbodi nent could be inptlenented according to the
foll owi ng: For downlink: 25 DL Assignnment reception Downlink assignnments
transmtted on the PDCCH indicate if there is a transm ssion on the DL- SCH
for a particul dyneFEamrhsdotiide eheer ePRy atrayAREL Lo or Fat1DRossSIPIRhEd t he

UP has a C ngtﬁ%%-l?ﬁééi i eat ;Scheduld;ng ﬁgp“%l%l Tenpor af Yo s RNTLy the

UP shall for each TTI during Active Tinme, for when a Random Access
Response or CoAfears dh Resshusibhtiariexpéceedt ahdifdor .each TTI for which a
DL assignnent has been configured: if a downlink assignnment for this TTI

has been recei yed;gn rbhes EXOCCGH 01 cidieydPege RN ot n@h: TRPADAT YraCulNTH :

if a Sem Persistent resource has occurred for the same HARQ process since
the previ olfs ré&Bei veaeivsHoWrT¢hkdawst grrerts idomenhe CUESPEIRKT IOt cHAS| der

the NDI to be EQQQ&&%&H@%QQ&QEQ§§n§ﬁatﬂHﬁuﬁﬁlEeo - e Db, gﬁﬁﬁﬁégﬂﬂ%lyhe

presence of a downlink assignnent” and deliver the associate .
i nformation totPAelsdARQTPSEAL| £y 7 RUEV4ORF| value. That is, the received

NDI value has been toggled when the NDI value is 1 or 0

compared to a previous value of 0 or 1, respectively.

10 According to the embodiment of the invention described above,
this check is only performed when the HARQ process was
cccupied 1in the previous transmission by a dynamically
scheduled transmission. If, on the other hand, the resources
have been previously used for a semi-persistent transmission

15 and now it is detected that a dynamic transmission shall be
performed, then the UE sghould, according to this embodiment
of the invention, consider the NDI wvalue as toggled
(regardless of the NDI value in the received PDCCH assignment
or grant) and for the uplink case perform a new transmission,

20 and for the downlink case, treat the received transmission as

a new transmission.

This embodiment could be implemented according to the

following:
For downlink:

25 DL Assignment reception

Downlink assignments transmitted on the PDCCH indicate if
there is a transmission on the DL-SCH for a particular UE

and provide the relevant HARQ information.



For downlink there are in principle three ways an SPS resource can occur,
nanely a DL assignnment for a UP"s Sem Persistent Scheduling

ANTI indicating a new SPS transm ssion, has been 20received, thus a Sem
Persi stent Scheduling resource is (re-) configured/activated; a DL
assignment for a UP's Sem Persistent Scheduling CRNTI indicating a Sem
Per si stent Schedul i ng HARQ retransni ssion;*25- the recurrence of a
configured SPS downlink assignnment and the associ ated SPS resource
occurring according to the periodicity of a scheduling downlink assignment
after the (re-Jhesnthguritheonfalt RVALY ofiemi 1B usge tepli ARPe DR B hrft
reception In OREeR,t Or tFaIPal-08-RR@TULe RCHIE he Wk rUst chayerar \Riridg
uplink grant (except for non-adaptive HARQ retransm ssions) 5 which it may
recei ve dynam é&FFYeohihe IPBCEACHr TFA WhRam GHANAORedS CRES pRURZRCTBYE Whi ch

may be confi gurede 889 oP8lHALEIbLY 1 s TOxPSEE Y ML Guestednt fansm,ssi ons,
the MAC | ayer receives HARQ information Trom | ower |ayers. Wen the UE has

a G RNTI, Sen ¥PéfsiatdntasSdyegghingae- been configured:

- if a downlink assignment for this TTI has been received

on the PDCCH for the UE’s C-RNTI, or Temporary C-RNTI:

- if a Semi Persistent resource has occurred for the

same HARQ process since the previous received

10 downlink assignment for the UEs C-RNTI:

- considexr the NDI to be toggled regardless of

the value of the NDI;

- indicate the presence of a downlink assignment and
deliver the associated HARQ information to the HARQ
15 entity for this TTI.

For downlink there are in principle three ways an SPS

resource can occur, namely

- a DL assignment for a UE’'s Semi Persistent Scheduling
RNTI indicating a new SPS transmission, has been
20 received, thus a Semi Persistent Scheduling resource is

(re~) configured/activated;

- a DL assignment for a UE’'s Semi Persistent Scheduling
C-RNTI dindicating a Semi Persistent Scheduling HARQ

retransmigsion;

25 - the recurrence of a configured SPS downlink assignment
and the associated SPS resource occurring according to
the periodicity of a scheduling downlink assignment

after the (re-) configuration/activation.



10 RNTI, or Tenporary C-RNTlI, the US shall for each TTI: if an uplink grant
for this TTl has been received on the PDCCH for the UE s C RNTI,

Sem - Persi stent Scheduling C RNTI or Tenporary C-RNTI; or if
an uplink grant for this TTI has been received in 15a Random Access
Response: - if a Sem Persistent resource jhas occurred for the same HARQ
process since the previous received upli nlk grant for the UEs C RNTI:

consider the NDI to be toul ed regardl ess of the 20val ue of the NDI;

del i ver the uth?_k [gfl%aq{t and the associated HARQ i nformation to the HARQ

entity for this I so for uplink there are in principle three ways an

SPS resource can occur, nanely 25- an UL grant for a GE's Sem Persistent

Schedul i ng G BNTErapdixsat€pigoa new SPS transni ssion, has been received,

thus a Sem Persi stgnt Schedul i ng resource is (rg{-) configured/acti }{a ed;
e i'fig a

14 an UL grant®fQFoe U@ $88i  Persi Stent™ S&heddfi Hf BANTIidi ¢&
Sem Per si st entipSeheditdrtg (BABQpEeEHANSIR SHiapPtive HARQ retindrgicurioasge of

a confi guresd SPS. u}gl itnk %/r ant and ghe 5asslolci at e(%hSPgDECejgogl[ ce oaccurri ng
accordi ng t° t fgich 1t may receive dynamically on e
Random Access Response or which may be configured semi-
persistently. To perform requested transmissions, the MAC
layer receives HARQ information from lower layers.
When the UE has a C-RNTI, Semi-Persistent Scheduling C-
10 RNTI, or Temporary C-RNTI, the UE shall for each TTI:
- if an uplink grant for this TTI has been received on
the PDCCH for the UE’s C-RNTI, Semi-Persistent
Scheduling C-RNTI or Temporary C-RNTI; or

- if an uplink grant for this TTI has been received in

15 a Random Access Response:

- 1f a Semi Persistent resource has occurred for the

same HARQ process since the previous received uplink

grant for the UEg C-RNTI:

-consider the NDI to be toggled regardless of the

20 value of the NDI;

-~-deliver the uplink grant and the associated HARQ
information to the HARQ entity for this TTI.

Also for uplink there are in principle three ways an SPS

resource can occur, namely

25 -~ an UL grant for a UE’s Semi Persistent Scheduling C-
RNTI indicating a new SPS transmission, has been
received, thus a Semi Persistent Scheduling resource is

(re-) configured/activated;



periodicity of a scheduling uplink grant after the (re- )
configuration/activation. According to the current E-UTRA standard
specification for the MAC protocol, TS 36.321 v8.2.0, the identifier that a
10 dynam ¢ transm ssion shall be perfornmed is the CGRNTI (Cell Radio

Net wor k Tenporary ldentity), Tenporary C RNTI or RARNTI val ue. [f, on

t he other hand, the SPS C-RNTI is receivedi4 a retransm ssion for the

sem - persi stent process shall be 15perforned. HARQ i s asynchronous in
downl i nk, neaning that the scheduler is free to schedul e any HARQ process
at any given point ian tUnegrafherifore VE' hlaSemb Beéyhkdterite S9ARAUpEBEeSs | D.

I link the HA h
t?n?ﬁglgatzefn. $EL; T%ynaﬁa%gggﬁ%%ssanﬁgﬁétkgﬁﬁéggEet ou?é%ﬁ%%ﬁﬁl gngﬁlng

Fig. 1 shows an enboditmentmpfsidre i nvention for downlink perfoitued by a
US. In afirst step, the UE receives a DL assignnent on PDCCH. The RNT

that is used for thig %@cﬁ??é ig@k@g%gﬁagEgﬁpQ@ﬁggklgﬁﬁﬁh%galgge

transm ssion. The HA process I's I nc in the PDCCH assignnent and
the Us retrsieves it dssomichede HHfd seFeetse t lpecooriedt JuceEdssyg |¥o t kae

br evi ous recepti on, B Lok Lhe, Pay ticeulat s HARQ ALAC§3anras: Ol AheSTe-

resource, then the regards
) configuration/activation.

According to the current E-UTRA standard specification for
the MAC protocol, TS 36.321 v8.2.0, the identifier that a

10 dynamic transmission shall be performed is the C-RNTI (Cell
Radio Network Temporary Identity), Temporary C-RNTI or RA-
RNTI value.

If, on the other hand, the 8PS C-RNTI is received, a
retransmission for the semi-persistent process shall be

15 performed.

HARQ ig asynchronous in downlink, meaning that the scheduler
is free to schedule any HARQ process at any given point in

time. Therefore it has to signal the HARQ process ID.

In wuplink the HARQ is synchronous, meaning that the HARQ
20 process has a timing pattern. Thus the HARQ process ID 1is

known without PDCCH signaling.

Fig. 1 shows an embodiment of the invention for downlink
performed by a UE. In a first step, the UE receives a DL
assignment on PDCCH. The RNTI that 1s wused for this
25 assignment indicates a dynamically scheduled transmission.
The HARQ process ID is included in the PDCCH assignment and
the UE retrieves 1t from there and selects the correct
process. If the previous reception, RX, for the particular

HARQ process was on an SPS resource, then the UE regards the



NDI flag as toggled, neaning that the received transmssion is treated as a
new transm ssion. Fig. 2 shows an enbodi nent of the invention for uplink
performed by a US. In a first step, an UL grant is received 5 on the PDCCH.
The RNTI that is used for this grant indicates a dynam cally schedul ed
transm ssion. The HARQ process IDis coupled to the timng of the grant and
the US knows which process it should use at®a given TTI, Transmi ssion Tine
Interval. If the previous transm ssion, TX, for the 10 particul ar HARQ
process was on an SPS resource, then the US regards the NDI flag as toggled
and in the nextP3t Ep2¥ ndf cAPESLapl itfarg@ntthakd tHAREPFAT 64 uEA BT 156 1PHe

HARQ entity forstheJildg iR qUESH T Onsili@sidnsShows an enbodi ment of the
invention for downlink is perfotined by a base station. In a first step, a
dynam ¢ downlink transm ssion is schedul ed. The RNT| that is used f rin}(he

downl i nk assi gh@nt % oSPABS USH nefMeedideny d9harfifGal FyVEtHédul e WP

transm ssion. péridendd ew QUHE.r aRs® $Sher, st&p, fen thegRald iGulhac iR
process was on an SpS resource, then the 20 NDI_value_ is set to either 1 or

0, or an arbit PAr e aFReTof TeaRTE. thper baried thee bhde 9¥art o Pr6cEdds

with the transgi gshan Qf11dowrhiRk1 88 st smhtsAnd . HARY LA SPicesisenIpFig. 4
shows an enbodi nent of the invention for uplink performed by a base_ |
station. In a FPrRiedtep, thedymatne 25 GPEi AR2PEaRdH $5PoNE FrO¥RedtriEd.

The RNTI that psoused fer digauplidk deand badecates a ©hnamiesldy Time
schedul ed transm ssion. If the gr evious reception, RX, for the particular
HARQ process WaRCt®f an BPS Ifes&lfcePreheeis hesNDIS™FLeRi s Bbt tie@Tei thér 1

or 0, or ap arbiifaryiMall&doh8cald 39slonThET 888t BEsdi&DaTResl @hkOBE
proceeds with uplink grant transm ssion. 16 In the enbodi nents shown in

Fig. 3 and 4, ¥#2isdfse toeatiBh tHE9 adbpteoifiedsetnADIivalthe aBS%t atisPf or
the respective; HARQULOCES$: SHCR AR Ay | sarbl 6 4R r28Rdoh N& SafRe Valat®
again if aretransmssion is requested. For that purpose the
entity for the TTI in guestion.
Fig. 3 shows an embodiment of the invention for downlink
15 performed by a base station. In a first step, a dynamic
downlink transmission is scheduled. The RNTI that is used for
the downlink assignment to the UE indicates a dynamically
scheduled transmission. If the previous transmission, TX, for
the particular HARQ process was on an SPS resource, then the
20 NDI value is set to either 1 or 0, or an arbitrary value of 0
and 1. Thereafter the base station proceeds with the

transmission of downlink assignment and HARQ transmission.

Fig. 4 shows an embodiment of the invention for uplink
performed by a base station. In a first step, a dynamic
25 uplink transmission is scheduled. The RNTI that is used for
the uplink grant indicates a dynamically scheduled
transmission. If the previous reception, RX, for the
particular HARQ process was on an SPS resource, then the NDI
value is set to either 1 or 0, or an arbitrary value of 0 and
30 1. Thereafter the base station proceeds with uplink grant

transmission.



5 base station stores the NDI value as part of the HARQ status information.
Fig. 5 illustrates schematically a user equi pnent 500 according to an
enbodi ment of the invention, conprising a transceiver 510, via which the UE
receives a downlink is assignnent or an uplink grant fromthe base station
that the LIE is connected to. The LIE can for exanple receive such nessages
on a Physical Downlink Control Channel, PBECH. A processing unit 520 is
configured to check if a sem persistent resource has occurred for the
particular HARQ 15 process since a previously received downlink assignnment
or uplink grantn The prnisodssmg whotni $nf WigheBnere donfihgubedet 6tebasider

the NDI flag that is.included int downl i nk assignment. Qi upld-pk grant to
be toggled reg S q%s tqée v%efncue% \faf\qguﬁ\lﬁfs f%%% I'f sgi ghgon iS?i Sn is
fulfilled. Thusar@Ophyceonssdet i oigat hetNDIs fdiag aso t egod edhe t han&EVallle f or

t he downlink case treat a received HARQ transm_ssi.on e L.ssi on.
For the uplink®eaEe, % e T9EWPIFSTHt cdt & THISTIK “gr an gﬁglg%%%égénk %
associ at ed sHARQ s f srataionoR tboe t hehdlARQ entlivey asopathi sf Ttk HARGS stehesL| E
conprises in this 25 enbodi nent neans for adopting a value of the flag

(NDI ) receivedl?EFEF%9H¥% i ndi cation for dynanmic scheduling after the HARQ
process has been used for SPS, and neans for regarding said NDI flag as
toggled. Fig. Bigl| ust ridtlestsehesnt scadnatixadidye st ateon cODUETEsEdi R§030

to an e”bOdi rregécc%féli[n%er tj.onvgrrllt Ie(r)ngbii%gg@é egft %h%O”IHUE ¢cabe WCEF\EQEQiIQ% gore
user equi pnents, S. °The base station conprises a scheduling tnit 601
configured to schethdizear dgham cvigpl iwhiicor doanl Thk tecanses s orddwdinsr to
a Ll 17 10 assignment or an uplink grant from the base station that the
UE 1is connected to. The UE can for example receive such
messages on a Physical Downlink Control Channel, PDCCH. A
processing unit 520 is configured to check 1f a semi
persistent resource has occurred for the particular HARQ
15 process since a previously received downlink assignment oxr
uplink grant. The processing unit is furthermore configured
to consider the NDI flag that is included in the downlink
assignment or uplink grant to be toggled regardless of the
value of the NDI flag if said condition is fulfilled. Thus,
20 by considering the NDI flag as toggled, the UE will for the
downlink case treat a received HARQ transmission as a new
transmission. For the uplink case, the UE will indicate
uplink grant and deliver the associated HARQ information to
the HARQ entity for this TTI. Thus, the UE comprises in this
25 embodiment means for adopting a value of the flag (NDI)
received in a first indication for dynamic scheduling after

the HARQ process has been used for SPS, and means for

regarding said NDI flag as toggled.

Fig. 6 illustrates schematically a base station 600 according
30 to an embodiment of the invention, adapted to communicate
with one or more user equipments, UEs. The base station
comprises a scheduling unit 601 configured to schedule a

dynamic uplink or downlink transmission from or to a UE



connected to said base station. The base station furthernore conprises a
transceiver unit 610 configured to transmt in a downlink assignnment or an
uplink grant to said UE, an indication that a dynam cally schedul ed
transmssion will 5 take place. A processing unit 620 is configured to
check if a sem persistent resource has occurred for the particul ar HARQ
process since a previously received dowl ik assignnent or uplink grant and
to set an NDI value that the UE (500) will regard as toggl ed regardl ess of
the value of the NDI flag if iosaid condition is fulfilled. An alternative
sol ution to theoprablentef shadi hgséwsta fdrer e Paser prat i dng toETRAES NDI

bit depending on the RNTI value used for r i€ }Js,g-\c{ LFguiprent, UE
could be to stoPe&thed &t RBF-Ya %]g % ltt fléel%l %??Eggﬁgem cally scﬁedul %d 15
transni ssi on ativenpinkat ashégmeeei ver amd tue isenderast déof osasd [Udng as t he

process is associated wt sem : persi stent res I ] Al e
using the MRd%(?%%aeslso ¥ o&%ema- 3 ersist E‘atg sscﬁ%ggﬁﬁgﬁg%}{aﬁgg%%%%% NDI
val ue needs t otdles netadeevadpwhessdig SBStusageis scardvigkedd arel ahasdnité 20

scheduling is applied, .such that a dynanically schedul ed & hsS§i on

! t 13RS HhRS

shoul d take pl ate pleﬁclfsl,slégé%o]f%ﬁ%ugrﬁohtaﬁl 8C8H%]6%$rreont, the dynani ¢ NDI

val ue needs topbecatorethat dHopheviously received downlink assignment or
uplink grant and to set an NDI value that the UE (500) will
regard as toggled regardless of the value of the NDI flag if

10 said condition is fulfilled.

An alternative solution to the problem of having two
different interpretations of the NDI bit depending on the
RNTI value used for addressing a User Equipment, UE, could be
to store the last NDI value of the last dynamically scheduled
15 transmission attempt at the receiver and the sender side for
as long as the process is associated with a semi-persistent
resource allocation. After using the HARQ process for semi-
persistent scheduling, the stored NDI value needs to be
retrieved when the 8PS usage 1is revoked and dynamic
20 scheduling is applied, such that a dynamically scheduled HARQ
transmission should take place. Thus, according to this
embodiment, the dynamic NDI value needs to be stored at both
the sender and receiver, and retrieved when the HARQ process
is for the first time used as dynamic process after it has
25 been used by 8PS before. Fig. 7 shows this alternative
embodiment of the invention for downlink performed by a UE.
The UE receives a DL assignment on PDCCH in a first step. The
HARQ process ID is included in the PDCCH assignment and the
UE retrieves it from there and selects the correct process.
30 If the previous reception, RX, for the particular HARQ
process was on an SPS resource, then the UE retrieves the

stored dynamic NDI value from a memory before the last step



t he sender and receiver, and retrieved when the HARQ process is for the
first tinme used as dynam c process after it has 25 been used by SPS before,
Fig. 7 shows this alternative enbodi mrent of the invention for downlink
perfoLmed by a UE. The UE receives a DL assignnment on PDCCH in a first

step. The HARQ process IDis included in the PDCCH assi gnnment and the UE
retrieves it fromthere and selects the corfect process. 30 If the previous
reception, RX, for the particular HARQ process was on an BPS resource, then

the US retrieves the stored dynamic NDI value froma nenory before the |ast
step 18 wher e"ler§ ndt cAbescafcinl dTRe1lassi gRrdaR e meﬁﬁé&r}?ﬁlimaﬁl% t he

HARQ process fer the nhBp bRoduestian .ol §r18i shawsdibhs al ternative
enbodi ment of the invention for downlink perforned by a base station such

as an eNodeE. In a : . . . _ ,
Fig. 8 shows this alternative embodiment of the invention for

downlink performed by a base station such as an eNodeB. In a
5 first step, a dynamic downlink transmission 1s scheduled. If
the previous transmission, TX, for the particular HARQ
process was on an SPS resource, then the base station
retrieve a stored dynamic NDI value from a memory and
thereafter proceeds with downlink assignment and HARQ

10 transmisgion.

Fig. 9 shows this alternative embodiment of the invention for
uplink performed by a base station. In a first step, a
dynamic uplink transmission is scheduled. If the previous
reception, RX, for the particular HARQ process was on an SPS
15 resource, then the base station retrieves a stored dynamic
NDI value from a memory and thereafter proceeds with uplink

grant transmission.

Thus, the method performed by the base station according to
this alternative embodiment comprises the step of storing the
20 last NDI wvalue that is used for dynamic scheduling for as
long as the process is associated with a semi-persistent
resource allocation. The stored NDI value is retrieved when

the SPS usage is revoked and dynamic scheduling is applied.

Fig. 10 shows this alternative embodiment of the invention

25 for uplink performed by a UE. The UE receives an UL grant on
PDCCH in a first step. The HARQ process ID is included in the
PDCCH grant and the UE retrieves it from there and selects
the correct process. If the previous transmission, TX, for
the particular HARQ process was on an SPS resource, then the

30 UE retrieves the stored dynamic NDI value £from a memory



s first step, a dynam c downlink transm ssion is scheduled. If the previous
transm ssion, TX, for the particular HARQ process was on an SPS resource,
then the base station retrieve a stored dynam c NDI value froma nenory and
thereafter proceeds with downlink assignnment and HARQ 10t ransm ssion. Fig.
9 shows this alternative enbodi nent of the invention for uplink performnmed
by a base station. In a first step, a dynafic uplink transm ssion is
schedul ed. |If the previous reception, RX, for the particular HARQ process
was on an SPS is resource, then the base station retrieves a stored dynam c
NDI val ue fronmPafeesorne andtt heepafiteare prodceétisatifs hpdphkngrjrtamnd HARQ

transm ssi on. Thus,, the,rethod. ner{orred by Lhe Baserst ahi giascarding to

this alternative e ment corrprlse he step of storing e20|ast NDI
value that is used for dynam c schedul | ng for as long as the process is
associ ated wi th HEsBAY- per sp5€ epl teasduree eabbtasibncommie sst grrédsNer<Val ue

is retrieved wgen, tggm&%ﬁ yéﬁggtgnslr{gevé}l%e% a;@ AFNaHC SehedwbiNgrbs as

applied. Fig. 10 shows this alternative embodi nment of the’invention 25 fo
upl i nk per foor méen®yass tUE. HERE DEc¢eweiivegsancUhteft antthon Pﬁﬂ}mnﬁl&tﬁm qt

qt pp The UARQ pLg N 1ig a't%h“%ﬁ h@aﬂé‘%x‘f@?% 9 apto Ak e e for

retrieves it fromthere and selects the correct process. If the previous
transm ssi on, TXtrierinchéhpastored diDIHARDupr veers sthea$PENLEAISPS reyelieee,

then the 30 UEaE&’t&}r{%an% ts@ﬁeé&ﬂl‘?&' icg/g%gilgeglpl value froma nenory

A base station according said alternative embodiment may
10 comprise means for storing the value of the flag (NDI) for as
long as the HARQ process ig associated with a semi-persistent
resource allocation and means for retrieving the stored NDI
value when the SPS usage is revoked and dynamic scheduling is

applied.

15 Yet another alternative solution to the problem would be to
separate the HARQ processes for SPS and dynamic scheduling in
a way that they still use the same HARQ process ID, but that
the respective RNTIs, i.e. the SPS C-RNTI or the C-RNTI, are
used as additional pointers to the realization of the HARQ
20 process, either for 8PS or for dynamic scheduling. This
includes that state variables belonging to each HARQ process
are treated independent of each other. In essence, the
instances of the two HARQ processes could be operated
simultaneously and independently of each other. For example,
25 there would be both an SP-NDI variable and a normal NDI
variable for dynamic scheduling. Similarly, the soft buffer

of both processes would be used independently.

The present invention may be carried out in other ways than
those specifically set forth herein without departing from

30 essential characteristics of the invention. The present



19 before the last step where it indicates uplink grant and HARO
information to the HARQ process for the TTlI in question. A UE may in said
alternative enbodi nent conprise neans such as a nenory for storing the
value of the flag (NDI) for as long as the HARQ process is associated with
a sem -persistent resource allocation and nmeans such as a processing unit
for retrieving the stored NDI val ue when td% BPS usage is revoked and
dynam c scheduling is applied. A base station according said alternative
enbodi nent may | o conprise neans for storing the value of the flag (NDI)
for as | ong asetbhedHAR@spr acess tios assocpasedemid h ia satil- paespstent as
resource aIIoca%%oqagqg mean foE £e§£i%%ﬂ¥éthe stored NDI val ue when the
SPS usage is r eVoKe éﬁﬁﬂwﬁﬁﬁ '@ sc%edﬂflng iI's applied. is Yet another
alternative solution to the problemwould be to separate the HARQ processes
for SPS and dynam c scheduling in a way that they still use the sanme HARQ
process I D, but that the respective RNTIs, i.e. the BPS C-RNTI or the
C-RNTI, are used as additional pointers to the realization of the HARQ 20
process, either for BPS or for dynam c scheduling. This includes that state
vari abl es bel onging to each HARQ process are treated i ndependent of each
other. In essence, the instances of the two HARQ processes coul d be
operat ed simultaneously and i ndependently of each other. For exanple, 25
there woul d be both an SP-NDI variable and a normal NDI variable for
dynam c scheduling. Simlarly, the soft buffer of both processes would be
used i ndependently. The present invention may be carried out in other
ways than those specifically set forth herein without departing from
30essential characteristics of the invention. The present 20 enbodi nments
are to be considered in all respects as illustrative and not restrictive.
21



ABBREVI ATI ONS Physi cal Downlink Control Channel Hybrid ARQ Sem - Persi stent
Scheduling Cell Radi o Network Tenporary Identifier Random Access Radi o

Net work Tenporary ldentifier C RNTICell Radio Network Tenporary ldentifier
10 NDI New Dat a I ndi cat or REFERENCES 15E- UTRA MAC Speci fication 36. 321
v8.2.0. 22 CLAIMS 1. A nmethod in a user equipnment, UE, in connection with
a base station in a cellular comuni catiorflsystem for avoiding errors in a
SARQ process, wherein two different scheduling nodes are supported, said
nodes bei ng dynam ¢ schedul ing, where the base station transmts scheduling
nmessages to the UE to indicate which resources have been allocated for
upl i nk and downlink transmission, and®BBBEVIPEFHNItent schedul ing,

PDCCH Physical Downlink Control Channel
HARQ Hybrid ARQ
5 SPS C-RNTI Semi-Persistent Scheduling Cell Radio Network

Temporary Identifier

RA-RNTI Random Access Radio Network Temporary
Identifier
C-RNTI Cell Radio Network Temporary Identifier
10 NDIT New Data Indicator
REFERENCES

15 E-UTRA MAC Specification 36.321 v8.2.0.



to SPs, where a new transm ssion is nmade on pre-assigned resources, SPS
resources, wherein an NDI flag conprised in a scheduling nessage for SPS
node is interpreted as indicating either sPS activation or SPS

retransm ssions, and an NDI flag conprised in a scheduling nmessage for
dynam ¢ scheduling node 15 is interpreted as indicating, by toggling of the
flag, a new transm ssion, conprising the step of - receiving, in a

schedul i ng nmessage, an i ndi cati on t hat dynam cally schedul ed transm ssion
will take place; characterized in that 2G* if the transm ssion that took
pl ace before said indication of a dynami cally schedul ed transm ssion was
received for the same HARQ process used SPS resources, then considering the
NDI flag in said received scheduling nessage to be toggl ed regardl ess of
the value of the NDI flag, whereby sai d.;a5ykndi cation of a dynamcally
schedul ed transmission is interpreted as an indication of a new

transm ssi on. . thad accordl ng.to claim 1, wherein, said _scheduling
nmessage conpri sés -én ug!faldhnk gaarllltse ﬂ; gﬁ%t'ode\Ahl ehePHe” aosne st§t| on
requests a new &#af@ thaah%rwsxsamlﬂwbﬁ chenucatpm sgstethefoepMetii®gcor di ng
g o clai rnI I2 ‘t\lhﬁléet:dﬂrst hiex uEmespeds&set hmkefial Iy dlgffﬁirexaﬂ dcoRdagmingon t hat
ynam cal ly sc ra LS e place;.the. sc g message
i s addressed toﬁ'g%Jése %ﬁ\ﬂ%] r?écpt hséa“?emogr argélt? RI\?'P(Pamc h:%(g'ggi r%(fel ved in
a Random AccessWF‘ééi)dﬁ?ebasﬁl smﬁeommama@ccﬁcar-ﬁglms Begmaged, tantd®ei n sai d

schedul i ng rresS&QEt&QIﬁﬁid:&QSwﬁldiD%JadM}KeaSﬁv@nB&ﬁ allyeareanmrofpmitikch t he

base station | ndhaates oW dRlA LIANS AR ALealNIE Ll - sorluThe, ot hod

according to claim ses one OW ng “das an
i ndi cation that SE§naeEs | ¢ sBHEdGFRRFTEFRHEN 48 GG |90 tﬁ?@e‘aﬁﬁ%ﬁf@d t he
schedul i ng nessagsourgead BrEs Fesblr@ek hewHar RN larDINDE Of 1dde cdiiieedran @ RNTI

or to the RA- RNH:hed ?n t gﬁsgg@d&? \’%ﬁg%%%ep‘ lirtjgerete:Ehgs %QQQ: %Cor di ng

to any of the precedi ereln t ecel ves the sc édul i ng
nmessage on a Ph§ifken s \/ﬁﬂtli}ﬁ?(t‘e&n?i‘ SAPSCRAHeE™ sdergy, and an NDI flag

comprised in a scheduling message for dynamic scheduling mode
15 is interpreted as indicating, by toggling of the flag, a new

transmisgsion, comprising the step of

- receiving, in a scheduling wmessage, an indication that

dynamically scheduled transmission will take place;

characterized in that

20 - if the transmission that took place before said indication
of a dynamically scheduled transmission was received for the
same HARQ process used SPS resources, then considering the
NDI flag in said received scheduling message to be toggled
regardless of the wvalue of the NDI flag, whereby said

25 indication of a dynamically scheduled transmission is

interpreted as an indication of a new transmission.

2. The method according to claim 1, wherein said scheduling
message comprises an uplink grant, by means of which the base

gtation requests a new data transmission from the UE.



7. A User Equipnent, UE, (500) connectable to a base station in a cellular
communi cation system said UE being configured to avoid errors in a HARQ
process, wherein two different 20 scheduling nodes are supported, said
nodes bei ng dynam ¢ schedul ing, where the base station transmts scheduling
nmessages to the UE to indicate which resources have been allocated for
upl i nk and downlink transm ssion, and Sem - persistent scheduling, SPS,
where a new transnission is nade 25 on pre assi gned resources, BPS
resources, wherein an NDI flag conprised3® a scheduling nessage for SPS
node is interpreted as indicating either SPS, activation or BPS

ot ransim ssf ons.a e AfboiBh LLagasomyy sedd . aﬂg&ﬂ%ﬁ“kh@@%@&g%‘% Jor

dynam ¢ schedul ing node 1s inter fcatin
the flag, a newr Shenfiddpeing eem.@ﬁ@au@a that tC’IYBﬁE’GéNﬂérSCE}ﬁ ] ads_m)
configured to recenhsssion awithedake nglaessage achdddieAt nddsalghatis

dynani cal |y Scheduled oy apShostQirti Ll [ AkePhafiiroEhEaREE! 1 280,40 5 - 2

processi ng un|t (520) con ured to c sm ssion that took
pl ace bef or e®sai*@thtfidc it id aB‘i“"‘hAﬂﬁj‘?ﬁfmrE%m‘?eschedul ed transm ssion was
received for the same RARQ process used SPS resources and to consider the
NDI flag to be tlogghedretdgdrateesding tohelebt vo oherdin MBEC| echefadindgf sai d

condition is fuhnfaskaged,cow.befsetay aS@Aotinlit Gabighent, apdymamsCak | ynswhedul ed

transm ssion is joterprete naélcapd' catéo f ararrllgnvl\istsrlggstrg %ge% 8.
The UE accordi ng to clarm V\herel - 581 0TS¢ au nessage conpri'ses an

he base.i s stat%on reggests a new dat a

uplink grant, an S"lﬁg‘ g\,h é {
transni ssi on from ¢ od FCopRAings Fo 8RR g FBTRG P, VHEPRI W he UE
i's configuradl t ofusks diedlofinghasta |iodioasiss Bt Kdhepicadhy t4raedeiadani cal | y

schedul ed transiirssdfiBs¥éd | wiskectacgiadde @@ﬂeg&éda%@swwges iaddr essed
to the G-RNTI or .to th Te orar or _was ve n Random

Access response. darfﬁs %h %E a(gcRXoI}rgl ng%f)% ai ﬂ?%arﬁhé%gﬁ%% SHi é sghedul i ng
message conpri s&-Toewhi § nkhafanganeircesp\R¥PEans of which the base station

i ndicates a new data transni ssion to the US.
6. The method according to any of the preceding claims,

15 wherein the UE receives the scheduling message on a

bPhysical DPownlink Control Channel, PDCCH.

7. A User Equipment, UE, (500) connectable to a base station
in a cellular communication system, said UE being configured
to avoid errors in a HARQ process, wherein two different
20 scheduling modes are supported, said modes being dynamic
scheduling, where the base station transmits scheduling
messages to the UE to indicate which resources have been
allocated for uplink and downlink transmission, and Semi-
persistent scheduling, SPS, where a new transmission is made
25 on pre-assigned resources, SPS resources, wherein an NDI flag
comprised in a scheduling message for SPS mode is interpreted
ag indicating either SPS, activation or SPS retransmissions,
and an NDI flag comprised in a scheduling message for dynamic
scheduling mode is interpreted as for indicating, by toggling

30 of the flag, a new transmission, comprising



11. The UE according to claim 10, wherein the UE i8 25 configured to use
one of the followi ng as an indication that dynam cally schedul ed

transm ssion will take place: the scheduling nessage is addressed to the
C-RNTI or to the Tenporary C-RNTlI, or to the RA-RNTI, i.e. the Random
Access RNTI. 25 12. The LIE according to any of clains 7-11, wherein the
transceiver unit (510) is configured to receive the scheduling message on a
Physi cal Downlink Control Channel, PDCCH 5 13. A nethod in a base station
in connection with a LIE in a cellular cofunication system for avoiding
errors in a HAPQ process, wherein two different scheduling nodes are

supported, said nodes bging.dynagiec seigdubing, u¥\é}?r€ot b cé%h%e shatd on

transmts schedulin essages to the UE to 10 |n I cate resources have
been al | ocat ed f?ﬁhegbﬂ "EFRPHFoWAT | HICIEREIRINTBRY siyPamifp 18¥nPehsrisst ent
schedul i ng, SPS,tmheszssaonawlﬂr amlsnipdseon i s nmade on pre-assigned
resources, SPS resources, wherein an NDI flag conprised in a scheduling
message for SPS emde d Stka beeidt enpreted as indicating SPS, 15 activation
and SPS retransm ssions and an NDI flag conprised in a scheduling nessage

for dynanic schedul pAg-d¥RERy I it (Hfo)i ebﬁfwu@-tasdc@%hba@lucfath@g, by toggling

of the flag, a new transms t he steps . of dicating, in a
schedul i ng rressarkgrenfmlsfsﬁ‘eon@a%héfmggagﬁﬁa?ﬁ% &F| ?aisdcﬁﬁ‘ah(faé:dof’ r¥né&ni ssi on

wi Il take place;dy@pnierdiler porafvladt transnigsiohewas mesaived dartthet t ook pl ace
bﬁf ore saiHclA RIQ ndis&ateimwbrac%g&%@éédSYr§£<ﬁﬁQH£%ci Eanéésﬂs&ﬁéﬂﬁh\éafsl sent for
t he same prheGe resources en _settin t ag in
sai d scheduling N(r%gsgg %gdbés tog\?ﬁ 2 gﬁﬁdfecfo § ethlgé vé’lfugheas%bét atus for
t he HARQ prd€es<1pf 1 é§ﬁiio?9n%é?'éb‘3ﬁ §a’r%iﬂilﬁér détquhYoqaié dynamical |y
schedul ed transnings¢aionSot & lagnbni @pres@kdlyed e ablbnassian isdi cation of a

new transm SSI(”lntégkreted as an indication of a new transmission.

8. The UE according to claim 7, wherein said scheduling
mespage comprises an uplink grant, by means of which the base

15 station requests a new data transmission from the UE.

9. The UE according to c¢laim 8, wherein the UE is configured
to use one of the following as an indication that dynamically
scheduled transmission will take place: the scheduling
message 1is addressed to the C-RNTI or to the Temporary C-

20 RNTI, or was received in a Random Access response.

10. The UE according to c¢laim 7, wherein said scheduling
message comprises a downlink assignment, by means of which

the base station indicates a new data transmission to the UE.

11. The UE according to c¢laim 10, wherein the UE is

25 configured to use one of the following as an indication that
dynamically scheduled transmission will take place: the
scheduling message is addressed to the C-RNTI or to the
Temporary C-RNTI, or to the RA-RNTI, i.e. the Random Access
RNTI.



26 14. The method according to claim 13, wherein the step of setting the
NDI val ue conprises setting a specific NUT, such as always 1 or always 0. s
15. The method according to claim 13, wherein the step of setting the NDI
val ue conprises setting an arbitrary value of 0 and 1. 16. A base station
(600) connectable with a UE in a cellular communication system configured
to avoid errors in a HARQ 10 process, wherein tw different scheduling
nodes are supported, said nodes being dynam c¢ scheduling, where the base
station transmts schedul i ng nmessages to%he UE to indicate which resources
have been allocated for uplink and downlink transm ssion, and

Seni - per si st ent @chﬂ@bbngaco%%nglé \é’ﬁ?r@f Q1DEW HLaNSThLSSL QN chs Made on
pr e- assi gned resour ces. our.c base statiaon being configured to

use, in a HARQ pfSc%Csesweﬁ ﬁlroc?aﬁ?oﬁc’%lﬁﬂr%d Y8 ¥eXFGYP Hif NDI flag to be
interpreted as isqteddtinagnesistherorSRSPhrticedt Pomldnk SRBtrel ramsneksi ons in a
schedul i ng nessagec# or SPS node and to 20 use an NDI flag to be interpreted
as indicating, by toggling of the flag, a new transm ssion in a schedul i ng

nmessage for dynagicy %@Eﬁgzlfi” ihg Q§1s '1%1 bﬁsgoﬁﬁeacj:tl 00 GQEPLI &4 NG =

schedul i ng unit 2601 conftigure to s nam c transm ssion;, 25 a
transcei ver uni CStEEOF EIWPRGER LN 8YTreinsAPE VA %ingcﬁéﬁ‘tﬂsi ﬁ@ ﬁe‘é"é@ge to
said OE, an indpcatdson t watrdynanveal i fsehadul adhédiaisgi sabdds Wdde t ake

pl ace; - a pr 0C%§§¢d}ge&l‘m Ea:(@%@de%orﬂ(elg&rggnJmQCC@‘éﬁgddl %hewltx ANSHSSi on

that took place _before said indication of 30 dynam ca edul ed
transm ssi on wa828enft3grat tféagﬁwsmﬁ@eﬁl‘b’d@ssmﬁf?éﬂe%ﬁ?réE%uPEe§°and to

set the NDI 1f| agndizrate which resources have been allocated for uplink and
downlink transmission, and Semi-persistent scheduling, S$PS,

where a new transmission is made on pre-assigned resources,

SPS resgources, wherein an NDI flag comprised in a scheduling

message for SPS mode is to be interpreted as indicating SPS,

15 activation and SPS retransmissions and an NDI flag comprised

in a scheduling message for dynamic scheduling mode is to be

interpreted as indicating, by toggling of the flag, a new

transmission, comprising the steps of

- indicating, in a scheduling wessage to the UE that

20 dynamically scheduled transmission will take place;
characterized in that

- i1if the transmission that took place before said
indication of a dynamically scheduled transmission was sent
for the same HARQ process used SPS resources then setting

25 the NDI flag in said scheduling message to any value and
adopting this value as status for the HARQ process in
question, whereby said indication of a dynamically
scheduled transmission is to be interpreted by the UE as an
indication of a new transmission,

30



27 any val ue and adopt this value as status for the HARQ process in
question if said condition is fulfilled, whereby said indication of a

dynam cally schedul ed transm ssion is to be interpreted by the UE as an

i ndication of a new Stransm ssion. 17. The base station according to claim
16, wherein the processing unit is configured to always set a specific NDI
such as always 1 or always 0. 18. The base station according to claim 16,
wherein the processing unit is configured to set the NDI value to an
arbitrary value of 0 and 1. 26

14. The method according to claim 13, wherein the step of
setting the NDI value comprises setting a specific NDI,

such as always 1 or always 0.

8 15. The method according to claim 13, wherein the step of
setting the NDI value comprises setting an arbitrary value
of 0 and 1.

16. A base station (600) connectable with a UE in a cellular
communication system, configured to avoid errors in a HARQ
10 process, wherein two different scheduling modes are
supported, said modes being dynamic¢ scheduling, where the
base gtation transmits scheduling mwmessages to the UE to
indicate which resources have been allocated for uplink and
downlink transmission, and Semi-persistent scheduling, SPS,
1s where a new transmission is made on pre-assigned resources,
SPS resources, the base station being configured to use, in a
HARQ process in communication with a UE (500), an NDI flag to
be interpreted as indicating either 8PS activation or SPS
retransmissions in a scheduling message for SPS mode and to
20 use an NDI flag to be interpreted as indicating, by toggling
of the flag, a new transmission in a scheduling message for

dynamic scheduling mode, said base station comprising

- a scheduling unit (601) configured to schedule a dynamic

transmission;

25 - a transceiver unit (610) configured to transmit in a
scheduling message to said UE, an indication that dynamically

scheduled transmission will take place;

- a processing unit (620) configured to check if the
transmission that toock place before said indication of a
a0 dynamically scheduled transmission was sent for the same

HARQ process used SPS resources and to set the NDI flag to



10

27

any value and adopt this value as status for the HARQ
process in question if said condition is fulfilled, whereby
said indication of a dynamically scheduled transmission is
Lo be interpreted by the UE as an indication of a new

transmission.

17. The base station according to c¢laim 16, wherein the
processing unit is configured to always set a gpecific NDI,

such as always 1 or always 0.

18. The base station according to claim 16, wherein the
praocessing unit is configured to set the NDI value to an
arbitrary value of 0 and 1.



