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[0002] The exenpl g%%/T%Rn%\IGn%% F%RF}S%E%EEEEFEEH@L&%@ dé\%(erel nrelate
generally to wirel ess comuni cati ons systens, nethods, conputer

rogram products and dev echni ques for
Eem’g- pergi stent schedul i %%ﬁ%ﬁ%@ﬁk&g%gﬂ% |

[ 0003] W r el ¢a@1FomunTieairesent Aysicetion far Batwitdblings piggtto wePkobigiopalovi de
various types of such s voi ce, data, and so

on. These sé‘éa?g W@féﬁ%gﬁ e&F‘g‘; é@e%hoéf@ éﬂgaré%}ﬁgﬂ"l@“%ﬁl)ual Layer of
supporting EAYPOR &gt Relde Falkt CRICOUS cHBE? ﬁie@Ma?rE‘@m ngog Q%l?ﬂ‘é@'té fpl e
systemresources (e.d., bandwi dth and transmt power) es of
such nul ti pPeigeebysolapd hewby pressslianconsated by @If%ﬁqu’@ﬁlt@llpl e access
(CDVR) systens, tine division nultiple access (TDVA) systens,

frequency division nmultiple access (FDVA) systens, and orthogonal
frequency divi si on mJI tipl e accdSELDOEDMYENYEns. [ 0004] General |y,

a wreless cess ¢ |cat|o stem,ca S|rrulta ousl
suppor t cor’rﬁw}?5 at| on eo‘?xe%@fy %ﬁé‘oﬂn llng?g% P %? Arshbed eEeé%F?Ta[ %gﬁﬁe%ﬁlp’
comuni cat eso WirélBss@BANANiABG sPa&Es, sﬁealidd@ NHmputer bfo@fh&ﬂpl‘é&md@d’lﬁld%vfc&@
forward and reverse | jnks. The for link (or downlink) refers to

the communi &2 P8YF Proically daricehmayses @S@%P?r@ﬁ@n&%hm@nsew%}ng chaggl.
the reverse link (or uplink) refers to the conmmunication link from
the termnals to the base stations. This communi cation |ink may be
establ i shed vi a a si ngl e-i n- SI ngl eBOGKGRRUNDpI e-i n-si gnal -out or a
mul tiple-in i

Tel econmmuni iﬂdto 3%1%83%% g'?éfl s&ggﬁg‘g g%q?‘ﬁggtd%ﬁﬁgﬁ ke nog'rlcget\iarolﬁus( 3G
cell phone t}@choﬁﬁougmmantﬂ BARENt simbras vbioe, daid]: &dl’seranefherseajrstdﬁaﬁnmy be

Access Netvvoﬁ 1 acot ectiv §rmf he Node-B's R‘%glo
ot vork ConaiBimd TRt intandSls b iRt B e P i RS PRI R oR by o
comuni cat i eginp eoMveiabtadysteMRe2R0R4 lld | W&W&Jﬁﬁﬂ%ﬁﬁéﬁﬁ&)%@ﬂ{ plas

many traffic tqgges fromreal-tinme Grcuit Switched to I P based Packet
Swi t ched. TRESWOTRANIRAS-AEARE wERmeEICludr £9lasiines multide yeepcBMA)

equi pment)  angtdNBme Q(&l&%ﬁ@lﬂ% ac&f&@ (’Fﬁﬁﬂ)‘ sfs‘?&ﬁ@ IfRSudnPE IRARE: mlglglgle

stations, which are called twor k Control

(RNO). The FN@SSF{FW@E@ST@@M%IO@W@M ﬁﬁﬁwmm de*QSIf)@rnUhmée wresPEDNBe
Bs. A Node mhan RNC can be the sanme device, although typical

i npl ement at 1'on ave a separate RNC |l ocated in a central office
servi ng nul {00fHE N(ﬁﬂtﬁelﬁllﬁ, am@smlﬁmeaémmcohmmmhamﬁ&nn@m have to
be physi cal there is I nt t hem

known as thlélﬁ*i’@ tﬁe'%menafﬂ]am?“%ca@?ﬂlﬁ’gi %f?é‘? wg© rface oAl %ﬁge@ﬁ%@l

the Radi o Nedm@ukicSubsis er(rRh@base-E’fhﬁbﬁs ﬁ@&aﬁbﬂn%n@ oh AR foaned RNS
present in an UTRAN. El0006 ]3GPP LTE (Long Term Evol ution) is the nane

gi ven to a Pejselpksylapfosvanddinkuerdowaliperiaierda trgomiaymndgetipn Prlpframithe
(3GPP) to Im@%ﬁoﬁﬂ@twﬁlﬁm'a & tRNONRs SRR Hink ProROPR dfd th future

requirenents. Goals include i mprovi ng efficiency, ovverl ng costs,
i mprovi ng seerpngeisationgdiokipnuthe taminudsto dpdese stanianppbs eomihirdeationhidk

doscribed | A ke CRAb A Rre BRAR Rl IR e M ettty

series of spetipld-eat(MINK) system.

-<

[0005] Universal Mobile Telecommunications System (UMTS) is one of the third-
generation (3G) cell phone technologies. UTRAN, short for UMTS Terrestrial Radio
Access Network, is a collective term for the Node-B's and Radio Network Controllers

which make up the UMTS radio access network. This communications network can



[ 0007] Sem - persi stent scheduling (SPS) is a set of techniques for
efficiently assigning resources for periodic traffic in a wireless
conmuni cati on system to support resource assignnent with as lithe
over head ¥0P¥E41BM% in order to inprove system capaci fT/US2009/037669

[ 0008] Current comruni cati on system uses 16-bit cyclic redundancy
check (CRC) on all physical downlink control channel (PDCCH) formats.
Sever al - of gahsngy) Simé QP ROkl G ARN fonl el pacBhseaBRAC
UL, and power “control. I'n addition various groupings can % done. As
a result th@ht/ETRdSY albevsrc@nmcabl@ubemaenuhﬁ: HE (dese @qiesrnpré} arEBorper

decoded. bi ¢ 2oy THEERAN S ARG bins SO BRI anbdNGT iy U ERe°

PDCCH. If t h:e‘fvmrk Soatreit CRNOhEhFRRCHro s ddeented fintiotdigielUor oné 8t more

content is e nd,a t actl ons. ar for i.e
either a tr ?nbg gﬁg‘ﬁg aﬁdﬁggé&o aB% de?ﬁ?)@ﬁ]“ﬁ’gi" aI arm
occurs whenijhhemetiias et aﬂMetHfN@ l&a@&i@l a baaN&Fice §e|ﬂﬂhg Bk Nede
not neant for that UE. The %ﬂoad can be considered to |argely

contai n ran&daPeints thefagtyiha thearéipalﬁ& v dq be physige lpespradteasthers s %lﬁglcals

| ndi cat ed. ARSItk BeRBOHM IS A feIANARIRNG bt i8G 0Pk GIoRUAE NUES BO o
average every 216 tines the CRC check is done. In the worst case the
UE per f or s calzdishd Raflielbictydals Splesystsm§RN& g hergrpdn byDore than one RNS present
2009/ 117578%(;};1/ /037669 3 there are 1000 subfranmes per second.
In that case a false'alarmw || occur for that UE every 216 /
(40*1000) = [(1006] SeGUMrSL.TH Qﬁﬁa@]l‘é‘hﬁ Bvelytiatyiicths alad glvem e 4 mrojesedithit He

consequence fal se.al imt 0 one se rid
At onat 1 o- RS CRaeRBUE PRt Eirhita Houss brdrib sgte oue
retransm ssk@fgard h@pe i Fut R GANSRANCO6AS indhube hrhpfoliaf efficiency, lowering

10011] However when a UE is configured for sem -persistent scheduling
(SPS), the €ofsEnBEHEESCITHRS Hrakifgse SEROERSCINER BRRATEI|tps.GAA beiter
uplink. Thegval o TI E‘ Fl;&g—sl

i ndi cation tlrg éttgdr%q” 1%T ggargdr?t@s ?%gtg I'n é%ﬁc%%e%ﬁﬁ&vowed
repeat ever Wik (Elﬁ&mmneirﬂmlved AfT RAN E€NUKRAN) Acriep of srekifisetfons.ng
interval is f ents a
sinplified é‘?‘ﬁmﬁr Semtgeiste F%W Ypp At iy Rt bPlL A9 %?cé&tél some
aspects of hh,egrﬁh@et@s@d f@qjaﬁsms traffhnﬁ & SWiETeBs yonrBuricHiion Bys@ath BNSibp@t
overview and is intended to nejther ntify. l&ﬁ% or critical elenents
nor del i neal@oVie 2SEIPENLY IS Bt ig e et 25 PPSIDRNPOYE 1q Yy Eient
some conceptgpaeftyt he described features in a sinplified formas a

prelude to the nore detailed description that is presented |ater.
[0013]In ac¢@ﬁ1}t8}ancdjutctehhcm&umcatms&tmpﬂsh%amcbyclumreé&mam@l dhgck (CRC)

encodi ng by 8 hagessal At PR i LB GRS SPUEs BaR HeYim o

nul tiple er poCCHaskhdigy §6vilRUdYDR), T sRnfpkaUrs aﬂypdiﬁeﬁ%brﬂﬂﬂ GReddigye! i c
redundancy check) even If data was corrupt ed when I’OCGSSI ng_data on
physi cal doXATIPWILTRUPHIZS R0 bhdmsels § resdtine m@%m gh}@é&cws
indicate a @F‘lﬁcéﬁ &pﬁlblﬁ%melﬂft&me@oﬁﬁgsgﬁbﬁé 'Lm“con?pu%%rﬁR A r??&:) oQbr

reception o downl | channel or transm ssion on uplink c
1001411 n onéheaxdspedsd bita TetheR G is checked @mhsr tbr: CBé‘c@dwm@lrethsBHé?éﬁH ling

| ndi cat i on. Q1Mo 1B ERAeck Ry IFYECHEL oL ORI ERlGhAANE! - A
constraint veriftied on a po I'on of a payload carrie e Cont r ol
channel i ndiapgbpnae adtionabicedodmntd, 0. calss agranEniksiasore ©optibi bers or
determ ning payload validity. Transmitting or receiving is perforned
in accordanggoom t h A RscpdytnQadur® ivheh theCOTRIDMateRARE tht TRCSEHANSE tiD
a determnation that the constraint on the portion of a payl oad is

verified. PDCCH isnot meant for that UE. The PDCCH payload can be considered to largely
contain random bits i this instance yet the UE performs actions as indicated. Assuming
PDCCH bits are random, a false alarm occurs on average every 21% times the CRC

check is done. In the worst case the UE performs 40 blind decodes per subframe, and



WO 2009/ 117578PCT/ US2009/ 037669 4 [ 0015] 1 n anot her aspect, at |east
one processor is provided for receiving a scheduling indication. A
first nodule detects a grant or assignnent on a control channel. A
second nod¥P BEYIFTS es a constraint on a portion of a BaVIUSHWYEHE| ed
on the control channel indicative of valid grant or assignnent as a
condition for deteiw ning payload validity. Athird nodule transmts
or receivesyjp Jf’?&‘fétfodsﬁﬂﬁﬁné!! seflsdeBFa. B 0ALe 081 AP RbuHBARASE | 1
response to a determ nation e constraint on the portion o

payl oad is wery 2| éﬂﬂﬁﬂmﬂmﬁﬂﬂmﬁanmhddltlonal aspect, a conputer
program product is provided for receiving a scheduling indication. A
conput er - r epidan] e sUMmagamﬂEduumu&mymn&aﬁﬁmaomkqmﬂmseﬁ&néabﬂﬂ@s1mﬂmd

Caust D OBl B0 S PRI N S CRE S

constraint  gibséquelt birARmsions PA¥IARE tHeabhdcgferlss irbameent rol  channel
i ndicative of valid grant or assignnment as a condition for

det er m ni ngyRAY] oagioalbdidb: aIﬁ’EﬁstoBﬁ%lﬁ@& focpfsmﬁppe%ﬁsteﬁ@aﬁeauﬁﬁge(SPS) the
conputer to transmt or receiving in cordance wth the payl oad on
t he cont r ol calsequeatesican bemp@rsseousoewedelt}ewmﬁlﬁaplndchhme\toi‘teld@ase node
constraint ge'ik] %es"oﬁf)teﬁ @spsﬂ}ﬁ'd%%god@ Y8148 §le 1aBON AL R ANRSEEH
addi tional as éi ara us is provi ed ror rec%|V|ng a

schedul i ng bwi\ldtmﬁtepeat ev&@aemregrietemabmtﬂe@okeﬂ. Adgpiealtservingpingraiis 20ms
assi gnnent gﬁ\g ontrol channel. Means are provided for verifying a
constrai nt é’%ortion of a payload carried on the control channel

i ndi cative of valid grant or assignnment as a condition for

determ ning payload validity. Means are provided for transmtting or
receiving in accordance wth the paypaghqQiythe control channel in
response to a deteimnation that the constraint on the portion of a
payl oad is VHR2}i edhefgBrapg presentap sinphificisyymenary arprdgpsapevids ajbgsic
provi ded for I I cts a
Grant or asunREdtt g SREC Pt IR RhaRbp Ry ] SESEs BT h
verifies a econsdivedvetvionamd @mténchd\ tmﬁeiiﬁemam{txfﬁﬂeyc@'rcmled etmxehfselor
control chagqr i ndicativ f val rant or assgﬁnnen £

condi tion f Fﬂﬁéﬁeéwcamfe e PSBRGELT THEPESS 1 (R PFSTIORTE CRICRIAGT e
recei ver traagibdSleMurds CLLMPHETiEDIRARGO b PRER tWiiendrbacteRod Q8eHipddn tHae
control channel in response to a determ nation that the constraint on
t he portlonﬂﬂﬁﬂﬁﬁﬁ #ﬁ@ad is verified. [0019]1In yet one aspect a

met hod is pr ed_for transm n schedul i i ndi

Cont rol  chatie! pagh St d-BOER bt B A abd Fogt eyl R ostte

assi gnment . tr&@NSEHOHMN BRpediSart ARREBE! B RoePRI Wil ctbdiag payibegcthodakidhed
on the control channel I ndicative of valid grant or assignnment as a

condition f éﬁat aéﬁf’éﬁmlﬁmﬁf& (H&Y Froareripan 2 dmlyp!c arrefy Ragling toJedioq fltsiffarms
conprising |(§I?(§I8d§r§ lid FeBRRAh L QcIORvan FARENAL cEh@AGBY hen ﬂmessin
2009/ 117578P /US 009/ 037669 5 [0020] I n yet another aspect, at |eas
one pr ocessdptajos ppysaesl d@dnlfrécrcomrelmenﬁrtei 131Y,8€ 203 cﬂ@cﬂﬂq(ﬁ‘g oot usad foon. A
first nodul 0, t
or " assi gnentdeist S8R A Pln GRAGLBEK B rafhe AL EBILIG: SdAR,
payl oad carmh&debmﬁ&Menmmmmomhmnﬁammekl|ndlcatlve of valld grant or
assignment as a condition for determ ning payload validity. Athird
modul e transgoiys a 1gobankspedt, amsthgd iBRbviea ot 'resém@gtahehdaayﬂgmdxcetbna A
control channel. [0021]1n et an addi ti onal s ect, 0

progr am pr o&td o4 %351&“8 td% t?"t"ﬁd P8 HPL SRR sCEF’ﬁ%'i?rH‘It V?Fg*pqdrﬂﬁlad%ﬁ’ﬁ%h

A conputer - %@@9%%5& SHYIAREhOERH B[R a0 'idcﬁc?aﬁv@oﬁxﬁ‘aﬁnd kafn%r Alighadess for
causing a conput’er to encode a control channel payloa for i'ndicating

a grant or assdigemientdetermisiog ordogbralidity. dodsittiagsesceinag sdepiatresd ino
I mpose a const it o uft ROfhd 88 tlcoRrAl MKARRANGALELE s @ BetREnGRALER!

the constraint on the portion of a payload is verified.



schedul i ng i ndication. Means are provided for encoding a control
channel payload for indicating a grant or assignnent. Means are
provi ded for inposing a constraint on a portion of a payload carried
on t he corwoebvairartel indicative of valid grant or as®CHrusemwh/ozscsa
condition for determ ning payload validity. Means are provided for
transmtting a grant or assignnent conprﬁsing t he payl oad on a

control cha [ et. a further as aratus is

Ol Qed § ondtisy L B At astte, Bkt DH o ARRE H mro R ARP BB R 4

pl atform eneaﬁe@m@ indiedtioal Acﬂnamf @dul@@@téoﬁsewlgrﬁmrorlasmigr@@ht 6Ya dorfiobnt or
aSS|gnrrent The co u atfo es a constr int o a OI‘tIOI’l
of a payl oad"®HFY .ﬁggecearrfp ‘Eﬂﬂ‘gﬁ%ﬁ?ﬂf{ﬁéﬁcgﬁ%‘ﬁﬂéPnPH%@%PF 3 Baydea meé} ogthnt
or assi gnmegbniRs cnGANEEitdHR8 of G4liddRLR LI RigAtheREK% aQBAAMAY Foilidbtérmifin
transmtter transmts a grant or assignnent conprising the payload on

a control chaiers valifitp 2494]‘511161 mpdula st o5 ieaeines ipAceopdantoyEl diemgyland
| ated end
rerated en ﬁg r%rb%mgélpar n%ic @ﬁgﬁ&h& 5 Q'R ﬁatg&ethz{t?%é alﬁ%%rgg&h&{

fully descri y p0|nte

fol | owi ng defepiyadonvarfadt he annexed draw ngs set forth in detail
certain illi&qt1 tl\ie as tcts and are in |cat|ve of q a fe of the
various way$"08 wh %ﬁn? fofia] ?‘F@?C&He%on&ue(r%ogé%g UCHERrORECL R oyed.
Q her advantr@gﬁ&lgamdhmmg irldeatiol. 8 c¥inbitcOREGIER: stRPeY @ftiuh cOMpRe a
following d ta| !ﬂ%gﬁdes ri ption when COI’I;I dered in conjunction wth

t he drawing rb&h Releg o cpdnge RIS 40 GR1RFt 2 STaBhaletsIBBme T Ongdentiel

such aspect ghaRd. t RQkdongIMiof BbRE b Suses fc %ﬁ&e@g$%p@o%a% OIH%OI'HOH
DRAW NGS [ 0025] The features, nature, and advantageS of the present

di scl osure @#f# pa}&@@me#@méh@@pap@mnw owicetee @fétahii gt efes g et oha
forth b h
set forth bel o, q\fx\lﬂﬁpdét%?ﬂngg r;g?@l WG o0 tﬁ’%cfdé%t 6%1:%?{5%\0’1‘&53 %(?)euéto&g\ﬁgk fo

i ke reference acters | y correspon
wher ei n: [ 0026nkt @ rederdepincicsordartek edth thid peytaarhoa ftheacontaimbanrehin @sponse

tem enpl oyi n a.a nt ed c I' r edundanc ckin rtual"
RO+ T 0ob7 bt BB GRARERL B Gl o B ARRRGIot 2 PEGRALA ESEF b oyt em
i ncl udi ng ape@Evpl ved astheredsidbndVofjebe ad SipRe@TpioGRIEd 5 FecaSigm

(UMTS) Terrestrial di 0 Access Netwp C[?g E- UTRAN) that incorporates
an augment e REgRIMednFIgdioRd AfFEYS BREERT f?f&@f@&%%%ﬁé&@é%%%%ées

capabi | ity Belygemnatl. M&hs ARGrdRHdTo e RRRg R BLMREH &%Qﬁ?rﬁwbpﬁﬁi}ﬁoad

[0028] FIG 3 depicts a diagram of a communication syste
i ncor por at i seriad pe feepnicd remae! Rdiskiste oRaglibgiSatroy psdeniERRS)2 wodition fiat

| ved
o oyl ved BARKALAESL 00BN ANAL! N AATRAL R NS SR 0BR e
of a multi plaecoadameeswuh\kheqjaglssd cotimeontod chomelsy s¢ésponsa de o detemgndton Olme

aspect for ugrre cI i c..redundancy. chegking in random access
responses; [¥ rg; cd?é’ﬁ“ff‘t a@%@ﬁ‘if?&"ﬁf%"‘i}l ock diagram of a

comuni cat i misyst g fi@thed WPRE! 4 ParUGRERb e iE kdceivirpdiRRaRGHg
checking in_random access responses; [0031]FIG 6 depicts a flow

di agram of ANHIARLABITERGHoF Bttt BERl Qrtaﬁ%#@l%ﬁ%ﬁﬁ@amtﬂ@np@y& gaEnputing
redundancy ehesk) virfidn dblfralt: 809 phRIMEY BlhHbd i At EdiroBii@nnel

indicative of valid grant or assignment as a condition for determining payload validity.
A transmitter and the receiver fransmits or receives in accordance with the payload on
the control channel in response to a determination that the constraint on the portion of a
payload is verified.

[0019] In yet one aspect, a method is provided for transmitting a scheduling
indication. A control channel payload is encoded for indicating a grant or assignment.
A constraint is imposed on a portion of a payload carried on the control channel
indicative of valid grant or assignment as a condition for determining payload validity.

A grant or assignment comprising the payload is transmitted on a control channel.



[0032] FIG 7 depicts a flow diagram of a methodol ogy 700 is depicted
for receiving augnented CRC in LTE PDCCH (physi cal downlink control
channel) for SPS at the UE;, [0033]FIG 8 depicts a nethodol ogy

conpri si nv@281{115F8 condi ti ons (constraint rul es) for WRSITTERIPABIEESPS
grants; 7 [0035]FI G 10 depicts a nethodol ogy conprised of a set of
rul es used by an evol ved base node (eNB) “for downl ink (DL) conpact;

100361FI G 0 I

constraint ru Zg useg&b @% g’écq llt!‘ll%/l&sol(néﬁ%c Hf%c[@ﬁtf{)r i n§r§éf?%)ut )

DL; [0037] Flsc:hedﬂlﬂlgdeqm:acttos & fit hodioé erg,;ad@cn*qmntrsll ahgnr&lpa@ﬂoadffow intiesting
d by eNB f I | t t 0 Fl

15551 st r af 6o ikt o s Ro SiRond om sl ohadbriny Sho ey e

for receivi ggried gneRtcesrél\cahing! maféumw&yh@%\@ﬁtl@rragslgﬁmernaMnaﬁﬁ%@r
r esponses; and 100391FIG 14 illustrates a block diagram of an access

node havi ngdaEUINES Peyead valii (g madgrdareritsammier psinmsancy

checki ng i n £an4d0M AECEsSad SSPUNEESchalie]l Al LED DESCRI PTI ON [ 0040] A
schedul ed dgt cho{ri’r%m ?%yzt?on systerr(1z gf an access node and term nal

supports ref@2d ng Iooetranraddibivhal pspeot, 2 sompiteizpgrammoedvcsis puoidedgovoi ce
e P Vol Bhomlihe Rl MR REoBRREKLAA IO £ d AR R L Ly Biscr

random access T es sem - persi
(SPS) for VetiHirstafpedes f@rtandinga gmamtcr@ds cix®dt g ol cmychl(pagllohcaﬁ)ra
i osed that can be verifi ondi ti &r%cgr ecedent to

constrai nt e
ot o i o THEGRS A S Lot DT ArFEH o ar A PPy PrPtSon
a validity ghegdralitehd oﬁiéﬁl&fﬁﬁaﬁoﬁ%éhie@ o QBEHABOL IR Gleli PRI valid

Ther eby, incorrect vali datl on of grant or assignnment is avoided for

dynami ¢ sch&Bf PragsigRmensas %é?ﬁdltﬁé’r@F detarAtinisg peteddi e ditt. ha thigk sebet
causing a p%&éés%%@s@é th€'e F}[?lf)uter toBRAAHR § chnV & dstlathan cb@g&%ﬁ%@% Wsﬁﬂgﬁ

portion of a payl oad e constral ned port| on of pay
referred toaassnt'mllcmtmal CRC . 10041]As used in this application, the

terns "conp "
Lotor 1o PReeal . m TRt addiedh et ﬁgrav%%efamrpaowi%cfarr#sanﬁ%eﬂ%a of
har dwar e andclsdiiingpindicatiaf M@hﬁare(p[‘ovmtﬂ‘ﬁﬂ’neodlﬂg £ ¥atiol bmnellia@yload for

exanpl e, a coppaonent nay be, but is not g%g? t.0o bein I 0Cess
runni ng on PPraHRRESHNT OLpsHEYRgs eansa?{e%ﬁ" OB e F%{’BT intopa

thread of eygRishio®R pa@od Q&N tROEHBG] ﬁlaﬁﬁérm&&hve @B’va\l‘ﬁgrd?lft or
illustration, both an application running on server the server

can be a cofpugEt a%@momr@eﬁm@r@w@aﬁﬁ%%s iMRangfre prqyided for
process andigfeib g%g%rﬁg of¥8& e{%e"cogrgﬂsﬁg%%ﬁ%&'hn TR¥ncRS chanal | zed

on one conputer an i stributed or nore conputers.
[0023] In yet a further aspect, an apparatus is provided for transmitting a scheduling

indication. A computing platform encodes a control channel payload for indicating a
grant or assignment. The computing platform imposes a constraint on a portion of a
payload carried on the control channel indicative of valid grant or assignment as a
condition for determining payload validity. A transmitter transmits a grant or
assignment comprising the payload on a control channel.

[0024] To the accomplishment of the foregoing and related ends, one or more
aspects comprise the features hereinafter fully described and particularly pointed out in
the claims. The following description and the annexed drawings set forth in detail
certain illustrative aspects and are indicative of but a few of the various ways in which
the principles of the aspects may be employed. Other advantages and novel features
will become apparent from the following detailed description when considered in
conjunction with the drawings and the disclosed aspects are intended to include all such

aspects and their equivalents.



WO 2009/ 117578PCT/ US2009/ 037669 8 [ 0042] The word "exenplary" is used
herein to nmean serving as an exanple, instance, or illustration. Any
aspect or design described herein as "exenplary" is not necessarily
to be con¥o ywH1Hs7pref erred or advant ageous over ot hePCEIPHOY/837609
designs. [0043] Furthernore, the one or rTBre versions may be

i npl enented as a nethod, apparatus, or article of manufacture using
st andard progranmm ng and/ or engi neering techni ques to produce
software, firmnare, hardware, or any conbination thereof to control a
conputer to inplenment thSRIEBCESCRIPEKPE OFSTHE DBAWMNGS arti cl e of
manuf act ur e'['ﬂﬂéor al ternatively, "conputer program product”) as used
herein is i pld e d The fasheesnprivrs, andedipiitass opthe greasnt diseleswt wilkbsooom
any conputer-re i . el Qr (%= o
comput o 1 eBgoRE AR Ed et Rrs R hion Vet ARELBop en SHATR Soniuncon
st or age devivithshedragings havtdcidiilsdeefefdnop pharahtakidentifgretresposdinglps. . . ),
optical disks . q., ,C act disk (CD), digital versatile disk
(DVD)...), gﬁﬂ%ﬁogﬁwﬁg%e Hd flash nenory devices (e.g., card, stick).
Additionally it should be appreciated that a carrier wave can be

enpl oyed t ol®¥2Pky Edplideicty ablgspfiasramet gcomprniation e splenese

used in trapsmdntdiNgcnddiReaMinBe&iS @GhfuaPicRdRi | or in accessing a
network such as the Internet or a |ocal area néfwork (LAN). Of
course, tho il j Rk ' r A& TR, i L. ons
may be rrademt%czﬁfhi g?gbin%pgﬁug%?ﬁﬁg%%éta oogt% %g@;‘)‘fg‘?‘ﬁ ng ?}{g%% %ﬂgﬁéggﬁge of
t he di scl osedwlasijéotesal M4 [Terorousniagpas Spstern (UMIES) freessam &ddion

t f t t j . f t dul es,
and the 11 KBeot Neu R UTIARONET B Mo e bR R O T At R | ous

systens may chdtkingder ragtibnt dcealrespongeo cpabisity FEDMksnas lastine radifgdcass Ny
not include all of the conponents, nodules, etc. discussed in
connect i on BRFPRIKYE! $UREE. A conbi nation of these approaches may

al so be used. The various aspects disclosed herein can be perforned
on el ectri cHl028kvi &&S. 3 drpiciei? Ageaanaleeempnaicaiion system ineupdratdng elegacy

di splay tec } - i :

Exanpl es of @sg'lg%ﬁ@(fggﬁtgég{oi%%cl udz co:?rpg%ﬁt%%{gQl?é&e!)slietﬁgjgc%e%&%n%‘%lﬁ)l%gfng
smart phonesygmatsioyalic dilgidaady dissliing mmtisloPDAsSs resammbent her

el ectronic devices both wired and wirel ess. [0045] Vari ous aspects are
now descri b¢Eh2ef t h RIEf £dqigea tagilahaofdravtiplg accebiwirélessfcombomicagon
description, for purposes of expl anation, nymer ua sgeg{%cﬁiic details
are sel for EYFHAGPHEIE G FREFider HETRBIH GYHCarBRERY S BTIHTEIR TR or
nor e aspect gecebdredMsdde evi dent, however, that the various aspects
may be practiced wthout these specific details. In other instances,
wel | - known tur : ' j I ' rqn i n
order Lo 1o ot & desa AP e ol M D Bk U AT
2009/ 11757 8 R@PLUB2R0ANOBFEG1iO rddodddt Relfeeking myrandonm heessyrespondesG. 1, a
communi cati on system 100 of an access node (AN) 102 comruni cates via
an over -t he{@i3d] ( OFAg. 6 depictd @4lowi dibigramn o @arsodokyglyi foatransAT)ing Ofmeatego

referred hergin as.user equi t in fully sc er
on both a d q"ﬁ?‘j‘c(r l)ndilgé’ ngfg‘? &H[E{\pr ﬂkon(gﬁgl_efm hé‘?*ﬁéﬁm{g}%@’
scheduling, the latter depicted in particular as a dynam cally.
schedul ed upl038k 113G. Thdepigts Foblows diggizan eh geBistiogoleap 8P eis ofepicted for
Lransimi ¢ Ui ngoidfghlonidd ORY ihl1. 139D AT SIENMovHHAR Sl OBl Phor b
an SPS uplink 114, I'n anticipation of a tdlk spurt for VolP

communi cat i ehth¢ &Fg. | an SPS request on a random access channel (RACH)
116), for instance, the AN 102 can present an indication for SPS
(e.qg., DL a$#i3ghnemiG. Bldegictant )makodobrply @inpaisimgss ageofldb@dbionsa (consiraint

physi cal downlink cantr nnel (PDCCH) 120. The nessage 118
conpri ses a%ﬁﬁ%ﬁ‘ﬁ’ﬁf}lfggﬂd)%%& a check field, depicted as a 16-bit

[0034] FIG. 9 depicts a methodology for evaluating constraints rules for UL SPS

grants at the UE;



WO 2009/ 117578PCT/ US2009/ 037669 10 schedul ed via downlink (DL) 220
for conmunication on an uplink (UL) 222. The ETRAN 212 al so incl udes
eNode Bs 226, 228. [0050] The eNode Bs 216, 226, 228 provide an UMIS
Terrestri HORMINYTAccess (E- UTRA) user plane and cont PET/USPUHE3T6RC)
protocol term nations towards the UEs 213. The user pl ane can
conprise of 3GPP (3rd Generati on Partnership Project) Packet Data

Convergence ( i

cont ro - ( MJ0o8ha° oG TR iets, £ hidolbly PRt bh Uy SFTHEL QLR S
226, 228 ar evolmddrascomtlec(ﬂéﬁ)fmrddiwﬁaﬁlﬂ(mhmnpm nmeans of X2 interface
("X2"). The eNode Bs 216, 226,228 are al so connected by neans of an
Si interfac@o3sp )FIGOIB,F& mEGoddvg! VEND Ratketn Qoise)tiverdet 6f constraint rules
specifically tqQ nphi na ment e t| ties/ serV| ng gat eways

(MVE/ S- G e by 23 {0 SHMOr Saled st gpls nt) et wor k 234, The Si
interface sg&%orts a man -to- man¥ rel ation between MVEs/S-GW 226, 228
and eNode B§!0375 icty Do shpdriesyerssisbe azgef missused by cNBsPs
the foll ow managenent : radi o bearer
control, ?}ﬂ Qﬁﬁlhgﬁw’%%ﬁ%t&o{ ]2 %%gi:tl on mobility control,

dynam c aII o] our S oth up

cynamc, | BN 56 RSB LR et i R e
stream sel egkivarny szgmazlitedi/bﬁhatrecﬁﬁdzaﬁcy alcdeRivgtin randoth iaB@sOfespoasds; gldane
data towards serving gateway; scheduling and transm ssion of paging
nmessages (ofg@vpat ¢dG romustheesMEdck d£haddl igtcalholid RRASIE meduds B
broadcast information; and nmeasurenent and neasurenment reporting
configurati SANTBHINGEBEeSA eyisHC EdHedpary phycking oHRRddTR 2RE TRDSTESY he
followi ng functions: distribution of paging nessages to the eNodes Bs
216, 226, 228; security control; idle state nobility control; System
Architecture Evolution (SAE) bearer control; ciphering and integrity
protection of Non-Access Strat DETANAED IBES@E]HIE@N The Serving Gat eway
hosts the f tions term natjon | ane ets far

oo no. easHBhLG A R o e Pt A B S POt BTy
pagi ng

[ 0053] The Dhkupd@s fdcominktemeiiartetidhs 91 Smhlngdts 8@6ums flcHaaWbic¥ o0dr 1P
comuni cation channel s rel evant to downl oad al ] ocation that should be
mapped to ufYPRR InguderiteAprks cescheggagmaie jREBHINGSRRARM Fo5eSS GRFPACa
Physi cal K @Pargtfapé DAkt éﬁ%@ﬁ% FoPYP! £ariBRpED ess
Channel Rxmwzﬁz and a sem - persiste t?ﬁsﬁsgheduied clommn?%atl on
channel d ep a&mmeaspamadélaw eqnsirgny ivpbryd tlzaman M vérgtlian g cenrjtion

| i kel i hood n.th IS |n error
the - eng. 216 3reso 0By O Rl PR B8 oy Bt Srchlng el o
response ( RAEi)dmyp:lhbﬂd(ﬁe(IdUls)lclgisairttycm telualageediiceld (RO, ememﬁe,rma#ﬁct
Simlar, the UE 218 has an RAR UL Grant, wi.t h Augnent CRC_decoder
248 | [0054] THIGEORSTT Gret ypeRenbp nged s B R Ra Nt Srare
defined for ptRRthifhe@imb] tAKiaB&GbausiRea POTIRAL GHAr algécﬁﬁse%t\laﬁdﬁfon is
physi cal channels is that they all convey information fromh gher
| ayers in tﬁerfwedgnea@monmfe Prglogdh thegonftepdnedmartionyps pesdpadsnghaisasbe
whi ch convey, fblql&p&)rggt‘{] » i's used exclusively within the PHY

| ayer . [0055 LTE DL sical channel s are Physical Downlink Shared
Channel ( PD88MI] Ph@ésusc@in thwnblicakoCalm tehs @hmnm@lnt”g P@@@ﬂg” 238temEnahd
Common Cont roI Ph |caI

channel 5. e SRERi O IEE A 1S RIS RRRER o1 e s
(SAPs) for thebin2fidiloflhayivase arddacfiwply sifake, chayftvedre asedeibh NBe
algorithns for hit scranblin dulat er pi n cyclic

del ay di ver§i‘§’?/19?é[5|9fnpﬁil%‘583%]?§ %szt?ull@&e% g%ﬁf&a &?ﬁ%ﬁ%ﬁ‘?{goq%yer
nmappi ng and pRic8ss6R dipheeRbe ah 8bREEE &:RcihiNG) ARRLE 68dKBlfon, Fplodde,
corresponds to a spati al nul t i pl exi ng channel . [ 0056] A Br oadcast
Channel ( BCR/pmascamitste By ptllgHations beh 6h aeristigAniag o AseTver and

the server can be a component. One or more components may reside within a process

and/or thread of execution and a component may be localized on one computer and/or

distributed between two or more computers.



WD 2009/ 117578PCT/ US2009/ 037669 12 [0057]In FIG 3, in another
aspect, a conmunication system 300 that can enconpass the

communi cation systens 100, 200 of FIGS. 1-2 includes support for

i nterfaci gOaWI8VBI¥ed packet core 302 via an interfac@CIASHIPHIT469

| egacy General Packet Radio Service (GPRY) core 304, whose Serving
GPRS Support Node (SGSN) 306 is interfaced in turn by a G interface

Networ k. ( GEMRG Sod S D1 BRI e D A R g e <2

provi des t helstﬂseqr, opiihlﬂleatwmt Any ek@ceet desiph deseribetchenoi ad fdxymplapﬁ@s tot
bet GPRS Core f | Al
T o AncReTRradabe S Red S mrefREL S aefagihuf Brek Pt asmiis oitesigns.

defined bet B8] SCHNrBEE107¢) helGaic@naorGRIRSoSahas dmpupRardd ale detHodSSN)
(not shown). The | ASA 314 al so_ includes a astem architecture evol ved
(SAE) anchofPRAIEUS. At ¥FiFls OEMARWagtHE USaeSteaHYR BroarBmIBg anf{onggimeering

interface t lfh%hmﬂﬁé?,\{b Q%u&é'&%ﬁ%?er ARhBAE, Whrdark %reﬁ)eéolﬁm&tfoﬁlth@&ﬁm
nmobility support. The 3GPP anchor 312 communi cates Wi th an UPE

318 via int epntEde cseauteu\IQbmpanmﬁd@@lwﬁtasmqtsl e (qwé)irqqufau ns to
di stributio of, n
(IUPE)I pgr;a?}]g{ﬁ{agﬂ Ia%e{%er coffpr es rﬁ%gmég%ruw |So]‘lr?l::(gge%ﬁsﬁest mcfyl fi%fl

streans, t etoematipas aabmipuiet pnograpaark%rbldﬁnmn pm;gccrrg)mceasmablp davide,

svmtchlng of U pl ane for, suppo E nobj lity. The UPE

g Ol oAE O EaSHRRSIS oSt TRt IO I P 38

conmuni cat i Rgmugilekic Yorage it wies (322 haIﬂQ%Bﬂldi@y@Zslk magrehf: 8EiPs. pf)Q)theﬂS

the user plane with related control and pobjl I@\ﬁ@ port bet Ween the
(¢

SAE Anchor 8158 & RRPadF skl Dpatigi Veé%tée gl Fseeyt cayily,

wirel ess | ogaly Géﬁ&v@@%l"\@cfrlf sﬁ%AD!Dddﬁgﬁﬁlﬂ LPsh%%Rﬁy':eSaK HRURRQ G a%g&ler
that al so i ncludes a Access ‘networ k n SG interface

i s the refemafeeandwi qmplﬁedmeeqﬁytwglplutweradﬂse plaethaic Gaesughds hograskein
dat a networ P.

pabti ¢ or prtfuing 3l Koe A AGH IS i IRULAG ARORELFH (RIHEHF!
dat a net wor kr a &cgl aréaxrehmx@(LAN@nOﬁtodrR thls& shﬂﬁduatlﬁmb&y:ﬂtrecrngﬁﬂz&/&bany

services. Thi ref erence 0|nt rre

Funct | onal | CIRE R S TR e e RO B oA S By SPaiof an
Rx+ i nt erfae&cpgcmseaje@eﬁgrrrmm cation bet ween t he packet data network
330 and a policy and charging rules function (PCRF) 332, which in
turn comuni Q%f‘gs vYaéloaﬁaﬂﬁ‘?“F HElEPS pietenicd ip fEmBobIYISES St vay insdide 2302.

The S7 intepfa6e d%@ﬁﬁb&%tst ﬁx@@sﬁé@&n@ﬂ‘he(@sﬂt1&9%b%¥d@§6’oacmr %@&a{eHl €s
from PCRF 332 to Policy and Chargi ng Enforcement Poi nt

shown). An g8t thﬁtverlelsscsest(:ms play 1 ejaddigipiad cemppansals] leedulcrsmsfaed/oefnay

subscri pti OQBPlH P&‘ﬂh& 80%%;}1 2y c?du'i rerg%{éﬁél%él ac%g&{l%‘ hcﬁ\ﬁsz' ng

user access acin e ev’ backe core
2009/ 117578 E@iﬂeusmﬁﬁ{oﬁﬁﬁ&ﬁ@f th&ehpma&mbmy ebebe sexlyiThe virkdGShspadd. An

S2a interface provides the us an rel ate

b 1y o aBsP TR st % mr Gl e Mt fosd T e Uk Bes A ilize sa
Anchor 316. t§e08&}kd dishoplechide 2R RA@6! AbRE-dnBakyWatElyBSMterfaces.

comuni cation systens are w dely deployed to provide_various types of

comuni cat i @ﬁaleelﬁﬁ ghtuck éehcea‘énwe&emp atsddeskiog 286 moRile)THeabphoysy, ems
may be nul tp@ﬂs&l@g@%ﬁaﬁ% ﬁt@ﬁﬁ)&ﬁf’%‘&he@%ﬁ%&&ﬁ@&éﬁ&gbﬁtﬂ@ﬂé@'aﬁ@ 11%st

with multiplfe users by shari e aval |l abl e system resources
bandwi dt h af@P45} ansvaroupameety aremafrﬁsvsfeéve@ivltbmcfnrentﬁ toiths d;a‘amgeslsl the

systems inc cklli’ogaihgﬁ‘&c t}ﬂnsfpgp}ygﬁ% ikl ?E)ﬁi&%ﬁ%%u&%l TR uEMRs o qe'%e

di vi si on nu acc re uency I'vIisIon mnu
access ( FDMﬁ)rﬂsmsirm prBGBE’akﬁﬁo@hsmémmn@ﬁglommhmgmﬂﬁéspéd‘teqmemgjbe

di vi si on nul t| | e acces DIVA st ens. 006 ally, a wi.reless
mul ti pl e- o CHIERt IR % ﬁfaeéeta B crﬁﬁ?fgll&%ﬁﬁé‘?‘&}t Shperiic
details. In other instances, well-known structures and devices are shown in block

diagram form in order to facilitate describing these aspects.



14 [0063] Referring to FIG 4, a nultiple access wreless

comuni cati on system according to one aspect is illustrated. An
access point 350 (AP) includes multiple antenna groups, one including
354 and 3360 2@satHe | ncl udi ng 358 and 360, and an addiPCiT@Isal69/037669
including 362 and 364. In FIG 4, only t antennas are shown for
each antenna group, however, nore or fewer antennas may be utilized

for each an gr . I . [ ti

wh i hant enniGREE, RAHRRARGERS b FIE £ T cobilhiolBh L ehp YTTER"40
i nf ormat i on(AN) Hmcmmnﬁmam'sn@d an3GGr-theedir (OTAYding 104 m.kth&ﬁ@c@&dtemneu ve
i nfornation acce rm nal 366 over rse |ljnk . 368.. Access
Lo el ST e Rert e s Wt oo S Begtlifsrasded RiEFLon
ant ennas 3560mdio%5ﬁn1£ (BI0SIUStand Bh QFIFAL(UD)) 11 PR EORGSIC beHeahINR, thd ThtepVer
forward link 376 and receive information fromaccess terninal 372

over rever séenigtakingpgticujas aga pypmicaly sghedulsfmpiilcHizi e WIS 1868, 370,
374 and 376
a&@aﬁg@?l n%‘ Jaéﬁﬂ@@ﬁtranﬁﬁﬂgﬁ‘dﬂtpg 8 ﬁgmeﬁﬁ?bﬁﬁtenf é?:ﬁﬁduthng

exanpl e, forwar may use erent frequency then
used by revéSEH ohianBP8@linkEhch Iga@uq@pabibnaﬁ@ thinspsirtdpidY ol conanuatcgtion n

whi ch they rg HeSiOnstd & ERITMATLEA ol @ T RO S16 R kA a

sector of tKe®alcess point e aspe ha group§ each
are desi gnedo? cangesthinincalieation facsEsE.d, e}mgsghﬁmﬁtﬁﬁm g3ai) dsrpagt of@ct or

of the areas cover acce t 35 Q catio er
forward |iniPessgyl W%%"“@E@“ﬁ‘ﬁ‘&ﬁ%‘?ﬁfﬁg Fh%m %br‘?ﬁ%@ gpm ﬂﬁ%@gmﬂo
350 utili Zec&ﬁ Q& PDTTH Baﬂéa@eifzztaﬁdwm{cﬁ\ﬁ%lcﬁ B&né’cbd}é‘s&i rd-Bit CRCYEydlidt i 0
of forward links for the different access termnals 366 and 374.

Al'so, an acé%%lﬁdaé'é}’ﬁh%&)sﬂ‘ﬁg beanformng to transmt to access
termnals Si@(ﬁﬂar edohan of c$r1?1519ﬁ59£110‘ntl Ui ARS tcp%ﬂﬁ ?)%13 s?e%?schedulm%
borrng

interference to access termnals in nei cel han an acces
poi nt transKSRY)j sugh thVolly Tha redungpgenagant butrralatmlsalsmall grgomtsoE sigta

termnals. [0065]An acc ornt 3 i xed, st at.ion.used for
comruni cat i %rn M dq?’ﬁ%anf 8#'?}1 aélf)gl %80 Hea Iogg'd%esc eedfug?g %‘8 UPI(SM(as an
access poi Ntrandnibiosts. Bdvaitageony cehen IDZEﬁtIi‘ﬂzﬂQh Q@)it/aséignacitessodee1 28 4l

366, 372 may, a e.called user equipne . a wireless
conmuni cat i ‘%ﬁf’&ém”te%?&{ar‘} fSSIZHECRSE R Fhéfh’gf‘t iBFOrRYAE 2SR Fobust
t er m nol ogy chdeR Q&M FccBdihg itdt e8¢ Ehaatianl alnalc alsm:r,ch@durag In
transmtter system 410 (al so known as the access point) and

recei ver sy®edigplasen pegraatidrbark B aadhéeysd Praprlnag » CPIFﬁtfame}\boé%t em
400. At the PDEE gﬁjlgﬁa%rlﬁ)ﬁ Ec?r{ﬁn%ﬁgn with %]; Iié zfcoqlaﬁi%n Ip?erce@en{'{ér&%%mgmfmgd ata

streams is provid a source 412

processor 4¥4lidityWas@0qoh ticASRE LT/ Ime%tfﬁfﬂ?cﬂﬁgﬂmf[ﬁaﬁé’ positigrvalidity
aspect, each data strea? sb%gn@” tted over a respective transnit
antenna. TX SGSTRIRIBBLLE AR ARG ST codes, and i nterleaves the
traffic datqod4s] edekhodrlia Hpicenradbasetc bmetit Pané presthadisdogdirngasiabene

sel ected for th t data strea ov de coded data. [006 e code
data for cachomRy V§fsrcé'éﬁ‘1°§fﬁ‘§] CLIée S I %BY RPEHEIHI P Y %\rﬁ%ﬁﬁ@m

OFDM t echni gugmel tisrqmppérggumaédadﬁ@eg YRLE aplink AP FataniRRld e
that is processed in a known manner and may be used at the receiver

systemto esehegnling. tH@vmaﬁprélcaﬁi@w@n%%enf THi@ appectsiof theypsepept ipervatipitcan
ded data fy

mapped) bascd RS SRty ShERRE %) HIR RO A bl pp YR

M PSK, or W@Mlcsdieécliughsfvmﬂ that data streamto provide nodul ati on
mbol di d_ nodul at f

may be det enfii b 09 S Eri0er? SRECFPOHHEtHB) T n 2R e AsTnoR8

[ 0069] The mughieadal MobIY ToRtEnhesicalohs Sadfidn SINTSNETeRdsaial Radio Pcosss ded
to a TX M M. pr ogessor 420 whi ch may further pr cess tch\p rrt)duk‘;'ae ion
synbol s (e. gCWeIg( %W%W%&%%%?UWWG REHICHP R rERsY chpeking

for random access responses capability 214 between at last one radio access network
(RAN), depicted as an evolved base node (eNode B) 216 and a user equipment (UE)

device 218, In the illustrative version, the UE device 218 is being dynamically



[0072] An RX data processor 460 then receives and processes the NR
recei ved synbol streans from NR receivers 454 based on a particul ar
recei ver processing technique to provide NT "detected" synbol
streans. We2RX1tfa18a processor 460 then WO PCT/US2009/037669
2009/ 117578PCT/ US2009/ 037669 16 denodul at es, deinterl eaves, and
decodes each detected synbol streamto rétover the traffic data for
the data str The S RX dat a processor.

conp! ement argaed REEBRER P 2o romtit b B OEERE Rt B0 L ok o
processor 4IRAa~tZHMmlhmﬁreNsysBemg}m& [0073]A processor 470

peri odi cal | term ne L C - i ng. mat r| use cussed
el ow . pr oSy Frochofris abefe BEoRrE TS Sesshet Rl iarnge,
matrix i ndeymRA)tuk& Pl dnd codk pMAd BREOPrbto&) ter@fidhsTioR ards MRISEs 2180k

nmessage may _conprise various types of information reg ardl&g{) t he
conmuni cat i Ghe hsehRlapheAnFomprec m&?éi%tﬁ @meaat@prf’éamrshm Brojes)diaslect Diatik

rressage I's bpﬁ\%éé)%l tfg?l%?oecgl :If)(ﬁ’ Tl%diggl%lﬁ 3at A rn%ﬁ m%kéggoﬁ&cﬁo

receives tra roma data source
436, nodul atMadwndphyectal Iay&nlcoﬁtﬁib (PI&‘dhd" ht:leHné@Bbg'lét, R2m a8 eteer s 454a

[00757 At HiERTetrd By eu s o5 eyt Bkt El 3Rar IR PSR e ver
system 450 2@ 2[236@&%@0&[)/00&6@%&&33% S1ciarehéd (OREY tdyn FRC EExodrcd
REe SR T A N M
recei ver syguem/4xHw) ﬁ(ﬂ@?@é&ﬁe&&?totaﬂﬁ& ﬁ%k&h@@%ﬂ@z%'ﬂ{% NrigregRd Ng
matrix to usefor determnlngthe nformn hts then processes

the extract &&PPRESS agey-if- @@%ﬁeﬂaﬁloahe%pléMMEs/ \Eé 6,238 nerNoda s 216,
classified hp¢a,g0ontrol Channels and Traffic Channels. Logical

Contr ol Channél S conprises Broadcast Control Channel (BCCH), which is
DL channel {@51br odiicabbidnBs 216 226N228 hostoihe ifvlfoen mgpfuincinns Radiomegource
Control Channel DL .channel that transfers in

i o mat | on BAHETES S e OP SR R R e Ol AR o mobii Efrol
Poi nt - t 0- NUldyhapat AllocliorCoraBRRlcell HEUES mrbotkrm@maﬁd dévenl Mt ($ohedding); 1P

Br oadcast and Mul ti cast Service (MB schedul i ngj1 androclgont r ol

i nf or mat i on NPT GATRPIES1on SE PRTYINGP eééﬁéﬁ%?%q gfoerot es M RsHENg

RRC connect 'af?&h{ﬂ%hts rdubl ?useif ?Ea@éqtlla)fa ﬂé%ﬂislgé’rvh’l%%afe%% &E&ﬁhﬁg aBVB
(Note: old MCCH+Ms di cated Control Channe

Poi nt - t 0- poRrARsIpsieH qf@@gmgmsageﬁdnﬁ@ma%épmtthg };gcmé‘dmgaﬂméd

control L S50 A BB S 0 LA O RO g

Channel ( DTCbHfjguvdtios HorirsotiPidty ahd saheghdingt bi - di recti onal channel ,

dedi cated t UE, f t.he 0091117578PCT/ US2009/.037669 17
Crancter of WEBE i g RUE TGRS o doRIPETBIEon AR IR Pt Rieiy pssages t
Channel ( MI'@id)eNoats Bo21d, 226, 708 se@@ith torltlol; A8 BARI mbtQlitylco RS NS fstdn g
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likelihood of a CRC being found correct when the data is in error, the eNB 216 has a
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Multicast/broadcast — single requency network (MB-SFN), supports semi-static
resource allocation. Supported transport channels are Broadcast channel (BCH), Paging
channel (PCH), Downlink shared channel (DL-SCH), and Multicast channel (MCH).
Transport channels provide the following functions: structure for passing data to/from
higher layers, a mechanism by which higher layers can configure the PHY status
indicators (packet error, CQI etc.) to higher layers, and support for higher-layer peer-to-
peer signaling. Transport channels are mapped to physical channels as follows: BCH

maps to CCPCH, although mapping to PDSCH under consideration. PCH and DL-SCH
maps to PDSCH. MCH may be mapped to PDSCH.
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[0057] In FIG. 3, in another aspect, a communication system 300 that can
encompass the communication systems 100, 200 of FIGS. 1-2 includes support for
interfacing an evolved packet core 302 via an interface S4 with a legacy General Packet
Radio Service (GPRS) core 304, whose Serving GPRS Support Node (SGSN) 306 is
interfaced in turn by a Gb interface to a Global System for Mobile Communications
(GSM)/Edge Radio Access Network (GERAN) 308 and via an lu interface to a UTRAN
310. The S4 provides the user plane with related control and mobility support between
GPRS Core 304 and a 3GPP Anchor 312 of an Inter Access Stratum Anchor (JASA)
314 and is based on a Gn reference point as defined between SGSN 306 and Gateway
GPRS Serving/Support Node (GGSN) (not shown). The IASA 314 also includes a
system architecture evolved (SAE) anchor 316 interfaced to the 3GPP anchor 312 by an
S5b interface that provides the user plane with related control and mobility support.

The 3GPP anchor 312 communicates with an MME UPE 318 via interface S5a.
Mobility Management entity (MME) pertains to distribution of paging messages to the
¢NBs and User Plane Entity (UPE) pertains to IP header compression and encryption of
user data streams, termination of U-plane packets for paging reasons, and switching of
U-plane for support of UE mobility. The MME UPE 318 communicates via interface
S1 to an evolved RAN 320 for wirelessly communicating with UE devices 322.

[0058] An 82b interface provides the user plane with related control and mobility
support between the SAE Anchor 316 and an evolved Packet Data Gateway (ePDG) 324
of a wireless local access network (WLAN) 3GPP IP Access component 326 that also
includes a WLAN Access network (NW) 328. An SGi mterface is the reference point
between the Inter AS Anchor 316 and a packet data network 330. Packet data network
330 may be an operator external public or private packet data network or an intra
operator packet data network, e.g. for provision of IP Multimedia Subsystem (IMS)
services. This SGi reference point corresponds to Gi and Wi functionalities and supports
any 3GPP and non-3GPP access systems. An Rx+ interface provides communication
between the packet data network 330 and a policy and charging rules function (PCRF)
332, which in turn communicates via an S7 interface to the evolved packet core 302.
The S7 interface provides transfer of (QoS) policy and charging rules from PCRF 332 to
Policy and Charging Enforcement Point (PCEP) (not shown). An S6 interface (i.e.,
AAA interface) enables transfer of subscription and authentication data for

authenticating/authorizing user access by interfacing the evolved packet core 302 to a
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home subscriber service (HSS) 334. An S2a interface provides the user plane with
related control and mobility support between a trusted non 3GPP IP access 336 and the
SAE Anchor 316.

[6059] It should be appreciated that wireless communication systems are widely
deployed to provide various types of communication content such as voice, data, and so
on. These systems may be multiple-access systems capable of supporting
communication with multiple users by sharing the available system resources (e.g.,
bandwidth and transmit power). Examples of such multiple-access systems include code
division multiple access (CDMA) systems, time division multiple access (TDMA)
systems, frequency division multiple access (FDMA) systems, 3GPP LTE systems, and
orthogonal frequency division multiple access {OFDMA) systems.

[0060] Generally, a wireless multiple-access communication system can
simultancously support communication for multiple wircless terminals. Each terminal
communicates with one or more base stations via transmissions on the forward and
reverse links, The forward link {or downlink) refers to the communication link from the
base stations to the terminals, and the reverse link (or uplink) refers to the
communication link from the terminals to the base stations. This communication link
may be established via a single-in-single-out, multiple-in-signal-out or a muitiple-in-

multiple-out (MIMO) system.

[0061] A MIMO system employs multiple (Ny) transmit antennas and muitiple (Nz)
receive antennas for data transmission. A MIMO channel formed by the Ny transmit and
Np receive antennas may be decomposed into Ns independent channels, which are also

referred to as spatial channels, where Ny S min{N,, N,}. Each of the Ny independent

channels corresponds to a dimension. The MIMO system can provide improved
performance (e.g., higher throughput and/or greater reliability) if the additional

dimensionalities created by the multiple transmit and receive antennas are utilized.

[0062] A MIMO system supports a time division duplex (TDD) and frequency
division duplex (FDD) systems. In a TDD system, the forward and reverse link
transmissions are on the same frequency region so that the reciprocity principle allows
the estimation of the forward link channel from the reverse link channel. This enables
the access point to extract transmit beamforming gain on the forward link when multiple

antennas are available at the access point.
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(bl ock 802) Access terminal 372 is in communication with antcnnas 356 and 358, whcrc antcnnas

-

356 and 358 transmit information to access terminal 372 over forward link 376 and
receive information from access terminal 372 over reverse link 374. In a FDD system,
communication links 368, 370, 374 and 376 may use different frequency for
communication. For example, forward link 370 may use a different frequency then that
used by reverse link 368. Each group of antennas and/or the area in which they are
designed to communicate is often referred to as a sector of the access point 350. In the
aspect, antenna groups cach are designed to communicate to access terminals 366, 372

in a sector of the areas covered by access point 350.

[0064] In communication over forward links 370 and 376, the transmitting antennas
of access point 350 utilize beamforming in order to improve the signal-to-noise ratio of
forward links for the different access terminals 366 and 374. Also, an access point
using beamforming to transmit to access terminals scattered randomly through its
coverage causes less interference to access terminals in neighboring cells than an access

point transmitting through a single antenna to all its access terminals.

[0065]  An access point 350 may be a fixed station used for communicating with the
terminals and may also be referred to as an access point, a Node B, or some other
terminology. An access terminal 366, 372 may also be called user equipment (UE), a

wireless communication device, terminal, access terminal or some other terminology.

[0066] FIG. 5 is a block diagram of an aspect of a transmitter system 410 (also
known as the access point) and a receiver system 450 (also known as access terminal) in
a MIMO system 400. At the transmitter system 419, traffic data for a number of data

streams is provided from a data source 412 to a transmit (TX) data processor 414.
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transmitters (TMTR) 422a through 422¢. In certain implementations, TX MIMO

processor 420 applics beamforming weights to the symbols of the data streams and to

the antenna from which the symbol is being transmitted.

[06070]  Each transmitter 422 receives and processes a respective symbol stream to
provide one or more analog signals, and further conditions (e.g., amplifies, filters, and
upconverts) the analog signals to provide a modulated signal suitable for transmission
over the MIMO channel. Ny modulated signals from transmitters 422a through 422t are
then transmitted from Nrantennas 424a through 424t, respectively.

[0071] At receiver system 4590, the transmitted modulated signals are received by Ny
antennas 452a through 452r and the received signal from each antenna 452 is provided
to a respective receiver (RCVR) 454a through 454r. Each receiver 454 conditions (e.g.,
filters, amplifies, and downconverts) a respective received signal, digitizes the
conditioned signal to provide samples, and further processes the samples to provide a

corresponding “received” symbol stream.

[0072] An RX data processor 460 then receives and processes the Ny received
symbol streams from N receivers 454 based on a particular receiver processing

technique to provide Ny “detected” symbol streams. The RX data processor 460 then
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demodulates, deinterleaves, and decodes each detected symbol stream to recover the
traffic data for the data stream. The processing by RX data processor 460 is
complementary to that performed by TX MIMO processor 420 and TX data processor
414 at transmitter system 410,

[0073] A processor 470 periodically determines which pre-coding matrix to use
(discussed below). Processor 470 formulates a reverse link message comprising a

matrix index portion and a rank value portion.

[0074] The reverse link message may comprise various types of information
regarding the communication link and/or the received data stream. The reverse link
message 15 then processed by a TX data processor 438, which also receives traffic data
for a number of data streams from a data source 436, modulated by a modulator 480,
conditioned by transmitters 454a through 454r, and transmitted back to transmitter

system 410.

[0075] At transmitter system 410, the modulated signals from receiver system 450
are received by antennas 424, conditioned by receivers 422, demodulated by a
demodulator 440, and processed by a RX data processor 442 to extract the reserve link
message transmitted by the receiver system 450, Processor 430 then determines which
pre-coding matrix to use for determining the beamforming weights then processes the

extracted message.

[0076] In an aspect, logical channels are classified into Control Channels and
Traffic Channels. Logical Control Channels comprises Broadcast Control Channel
(BCCH), which is DL channel for broadcasting system control information. Paging
Control Channel (PCCH), which is DL channel that transfers paging information.
Multicast Control Channel (MCCH) which is Point-to-multipoint DL channel used for
transmitting Multimedia Broadcast and Multicast Service (MBMS) scheduling and
control information for one or several MTCHs. Generally, after establishing RRC
connection this channel is only used by UEs that receive MBMS (Note: old
MCCH+MSCH). Dedicated Control Channel (DCCH) is Point-to-point bi-directional
channel that transmits dedicated control information and used by UEs having an RRC
connection. In aspect, Logical Traffic Channels comprises a Dedicated Traffic Channel

(DTCH), which is Point-to-point bi-directional channel, dedicated to one UE, for the
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transfer of user information. In addition, a Multicast Traffic Channel (MTCH) for Point-

to-multipoint DL channel for transmitting traffic data.

[0077] In an aspect, Transport Channels are classified into DL and UL. DL
Transport Channels comprises a Broadcast Channel (BCH), Downlink Shared Data
Channel (DL-SDCH) and a Paging Channel (PCH), the PCH for support of UE power
saving (DRX cycle is indicated by the network to the UE), broadcasted over entire cell
and mapped to PHY resources which can be used for other control/traffic channels. The
UL Transport Channels comprises a Random Access Channel (RACH), a Request
Channel (REQCH), an Uplink Shared Data Channel (UL-SDCH) and plurality of PHY

channels. The PHY channels comprise a set of DL channels and UL channels.

[0078] The DL PHY channels comprises: Common Pilot Channel (CPICH);
Synchronization Channel (SCH); Common Control Channel (CCCH); Shared DL
Control Channel (SDCCH); Multicast Control Channel (MCCH); Shared UL
Assignment Channel (SUACH); Acknowledgement Channel {(ACKCH); DL Physical
Shared Data Channel (DL-PSDCH); UL Power Control Channel (UPCCH), Paging
Indicator Channel (PICH); Load Indicator Channel {LICH); The UL PHY Channels
comprises; Physical Random Access Channel (PRACH); Channel Quality Indicator
Channel {(CQICH); Acknowledgement Channel (ACKCH); Antenna Subset Indicator
Channel (ASICH); Shared Request Channel (SREQCH); UL Physical Shared Data
Channel (UL-PSDCH); Broadband Pilot Channel (BPICH).

[0079] In FIG. 6, a methodology 600 is depicted for transmitting augmented CRC
in an LTE (Long Term Evolution) PDCCH for SPS. At the eNB, a determination is
made that SPS is warranted (block 602), and 1f not the methodology exits (block 604)
continuing to perform dynamic scheduling, If warranted, then SPS constraint rules for
PDCCH payload are accessed (block 606). These constraint rules are applied on the
PDCCH payload in order to augment validity checking at the UE (block 608). The
PDCCH payload is then computer for CRC and the CRC is added to the payload (block
610).

[0080] In FIG. 7, a methodology 700 is depicted for receiving augmented CRC in
LTE PDCCH for SPS at the UE. If false alarm PDCCH SPS grant is decoded as an

uplink grant, the UE will repeatedly transmit on some random resources every serving

interval. UE will look for Ack/Nak feedback on PHICH and will randomly decode an
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[0081] As discussed above, false alarm grants can have quite serious consequences
when semi persistent scheduling is used. Advantageously, the disclosed innovations
can be made to discriminate false alarms from authentic grants. Standardizing a set of
rules can dictate if a grant that indicate SPS is authentic or false alarm. In this
description we focus on the uplink, because the consequences of uplink jamming are
more severe than the consequences of false alarm on the downlink, although it should be

appreciated that aspects disclosed herein can be applied to the downlink.

[0082] Continuing with FIG. 7, the UE receives a message on PDCCH (block 702).
This message can be power control 704, uplink (UL) grant 706, compact downlink (DL)
assignment 708, DL assignment 710 for a SIMO (single input multiple output) UE, DL
assignment 712 for a MIMO (multiple input multiple output) UE. In block 714, the
type of PDCCH message is determined. A determination is made as to whether this
PDCCH message is a semi-persistent scheduling (SPS) grant (block 716), if not the
methodology 700 exits at 718. If SPS is indicated, then the UE performs augmented
SPS grant/assignment validity checking as depicted at 720.

[0083] In block 722, constraint rule(s) are accessed for the type of PDCCH
message. In an exemplary aspect, an illustrative format of PDCCH for UL grants is
indicated in TABLE 1.

Format G — UL-SCH N.RB= N_RB= NRB
assignments 25 50 =100
Field Bit- Bit- Bit- Notes
Width Width | Width
Flag formatOformat1A 1 1 1
differentiation
Hopping flag 1
Resource allocation & 9 11 13 Starting RB & number of consecutive
explicit hopping RBs
MCS 5 5 5 32 levels of MCS (compute TBS from RB
assignment
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transmissions
TPC 2 2 2 TPC command for PUSCH
Cycfic shift for DM RS 3 3 3 Necessary for SDMA (less than 8 users)
UL index (TDD only) 0 0 0 Indicate which subframe(s) the grant is

valid for. Necessary for TDD. Bit width
depends on DL/UL allocation

Aperiodic CQI request 1 1 1
CRC 16 16 16 CRC masked by UE MAC ID
Total: 39 41 43

TABLE 1. PDCCH Formats and Contents — Format § for UL Grants.

[0084] In an aspect, as depicted at block 724, a determination is made if the
constraint rule(s) are satisfied. Restrictions or constraints on the possible formats of
SPS PDCCH provide an augmentation for CRC validity checking (virtual CRC). If
satisfied, then a computed validity check value (X-CRC) is determined for the PDDCH
message payload (block 726). Then a determination is made as to whether the
computed validity check value (X-CRC) matches the appended CRC (block 728). If so,
then in block 730 the eNB transmits only the allowed SPS PDCCH grants. Thus, with
reference back at block 724, the UE ignores SPS PDCCH grants that do not meet the
rules. This augmented checking ensures that more false alarms SPS PDCCH grants are

ignored by UE.
[0085] In exemplary aspect, the following eNB constraint rules can be used.

In FIG. 8, a methodology 800 can comprise a sct of conditions (constraint rules) for UL
SPS grants. The eNB can satisfy constraints rules as follows:

(a) Set format flag to UL grant (1bit) (block 802);

(b) Set NDI to a defined value (new transmission) (1 bit) (block 804);

(¢) Set Aperiodic CQI to a defined value (e.g., Aperiodic CQI not reported) (1
bit) (block 806),

(d) Resource allocation must allocate less than a defined fractions of the
bandwidth (1 bit) (block 808);

(c) Possible restrict MCS, such that the highest modulation is not used (1 bit)
{block 810),

(f) The transmit power control (TPC) command must be set to a pre-defined value (2



CRC 16 16 16 CRC nmasked by UE MAC ID Total: 434955 TABLE 3. PDCCH
Formats and Contents - Format 1 for DL assignnments in SI MO D)090]In
FIG 11, a nethodaol ogy 1100 utilizes an illustrative set of

const rai ntW9 &I Ed by eNB for SIMO (Single | nput MiPETSEOMBRTES: )
DL in accordance to a Format 1 of TABLE & (1) Distributed

transm ssion flag indicates not distributed (block 1102); (2)
Resource al bppablbense)lmaates | ess than a pre-defined fraction of the
bandwi dth (1 bit) (block 1104); (3) Possible restrict MS, such that
t he hi ghest (@ddaicsglicahifi o despo n geffennge)signg| dAU-RiSpam)st by sgj to a pre-

Ret r ansm ss{ o, -8 8HEREEit &rgiiqndi cates a first HARQ transm ssion (3
bits) (block 1f08). @?V\Dsgg%g/ 117578PCT/ US2009/ 037669 22 [0091] As a

first exenplfaroysastitds then dlnidE degs noheorftioh¢ exaluaging the POICCTHSBS farsetdily

eNB for M s L0 enpl ary aspect, M MO DL cannot be used with
SPS, thus {vﬁaés%éo%lyé’r%:%@(‘ds any PDCCH indicating SPS and M MO. For mat

2. DL SCHN R N R N R8 st nieqts, for ) VE2590=100 Fiel d Bt
constraints rules for UL SPS grants at the UE. It should be appreciated that the UE can
determine whether the PDCCH is otherwise indicating dynamic scheduling rather than
semi-persistent scheduling. After figuring that a grant is a SPS grant, the UE obeys the
SPS grant only if for UL grants a set of rules is matched such as for example: (a) The
format flag indicates UL grant (block 902); (b) The NDI is set to the defined value (new
transmission) {(block 904); (¢} The Aperiodic CQI is set to the defined value (e.g.,
Aperiodic CQI not reported) (block 906); (d) The Resource allocation is valid, i.e. it
does not allocate more than the defined fraction of the bandwidth (block 908); and (e)
The MCS is a valid MCS for SPS, given the restrictions (block 910).

[0087] These rules constrain 5 bits on the PDCCH payload bits. Therefore the
technique above is similar to extending the PDCCH CRC to 21 bits for SPS grants.

[0088] While false alarms on downlink grants have less serious consequences,
similar techniques can be applied. There are three formats for downlink grants, the
compact DL (See TABLE 2), the SIMO DL (See TABLE 3) and the MIMO DLA (See

TABLE 4).

Format 1A — Compact NRB= NRB= NRB

DL-SCH assignments 25 50 = 100

Field Bit- Bit- Bit- Notes

Width Width | Width

Flag formatCG/fformat1A 1 1 1

differentiation

Distributed transmission | 1 1 1

flag

Resource allocation 9 11 13 Starting VRB & number of consecutive
VRBs

MCS 5 5 5 32 levels of MCS (compute TBS from RB
assignment. Reduction in number of bits
for MCS in FES.

HARQ process id 3 3 3 HARQ process [D derived from the
subframe [D (4b for TDD)

Retransmission 3 3 3 Separate new data indicator (1 bit) &

sequence number redundancy versions (2 bits)




Resource allocation header 1 1 1 Indication of resource allocation
type O or type 1 Resource allocation 13 17 25 Bitmap with allocation

for type O, set indication & bitmap therein for type 1 TPC 2 (2 2 TPC
comand f YO PYRATSTIARO process ID 3 3 3 3bits for FDD, P&THISELIPFSST DD
HARQ swap fl ag 21
TPC 2 2 2 TPC command for PUCCH
CRC 16 16 16 CRC masked by UE MAC ID
Total: 40 42 44

TABLE 2. PDCCH Formats and Contents — Format 1A for compact DL assignments.

[0089] In FIG. 10, an illustrative set of rules used by eNB for DL compact is
depicted as methodology 1000: (1) set to format 1A (TABLE 1) (block 1002); (2)
Distributed transmission flag indicates not distributed (block 1004); (3) Resource
allocation must allocate less than a defined fractions of the bandwidth (1-bit) (block
1006); (4) Possible restrict MCS, such that the highest modulation is not used (1 bit)
(block 1008); and (5) Retransmission sequence number indicates a first HARQ
transmission (3 bits) (block 1010).

Format 1 -DL-SCH N_RBE= N_RB= N_RB

assignments for SIMO 25 50 =100

Field Bit- Bit- Bit- Notes

Width Width | Width

Resource allocation 1 1 1 Indication of resource allocation type 0 or

header type 1

Resource allocation 13 17 25 Bitmap with allocation for type 0, set
indication & hitmap therein for type 1

MCS 5 5 5 32 levels of MCS (compute TBS from RB
assignment.

HARQ process id 3 3 3 Maximum § HARQ processes

Retransmission 3 3 3 Separate new data indicator {1 bit) &

sequence number redundancy versions (2 bits)

TPC 2 2 2 TPC command for PUCCH

CRC 16 16 16 CRC masked by UE MAC ID

Total: 43 49 55

TABLE 3, PDCCH Formats and Contents — Format 1 fer DL assignments in SIMO.

[0090] In FIG. 11, a methodology 1100 utilizes an illustrative set of constraint rules
used by eNB for SIMO (Single Input Multiple Output) DL in accordance to a Format 1
of TABLE 3: (1) Distributed transmission flag indicates not distributed (block 1102},
(2) Resource allocation allocates less than a pre-defined fraction of the bandwidth (1 bit)
(block 1104); (3) Possible restrict MCS, such that the highest modulation is not used (1
bit) (block 1106); (4) Retransmission sequence number indicates a first HARQ
transmission (3 bits) {block 1108).



111 MCS first Transport Block (TrBik) 5 5 5 32 levels of MCS
(conpute TBS from RB assi gnnent. Retransm ssion sequence nunber 1st

TrBlk 3 3 3 Separate new data indicator (1 bit) & redundanc yersi ons
(2 bits) MBYHYEAY TrBIK 5 PCT/US2009/037669

22

[0091] As a first exemplary option, consider the following set of rules used by eNB
for MIMO DL: In an exemplary aspect, MIMO DL cannot be used with SPS, thus the
UE disregards any PDCCH indicating SPS and MIMO.

Format 2-DL-SCH N_.RB= N_RB= N_RB

assignments for MIMO 25 a0 =100

Field Bit- Bit- Bit- Notes

Width Width | Width

Resource allocation 1 1 1 Indication of resource allocation type 0 or

header type 1

Resource allocation 13 17 25 Bitmap with allocation for type 0, set
indication & hifmap therein for type 1

TPC 2 2 2 TPC command for PUCCH

HARQ process 1D 3 3 3 3bits for FDD, 4 bits for TDD

HARQ swap flag 1 1 1

MCS first Transport 5 5 3 32 levels of MCS (compute TBS from RB

Block {TrBlk) assignment.

Retransmission 3 3 3 Separate new data indicator {1 bit) &

sequence number 1% redundancy versions (2 bits)

TrBlk

MCS second TrBlk 5 5 5 FFS§ if possible to reduce fo 3 bits by
interprefation together with MCS for
first CW

Retransmission 3 3 3 Separate new data indicator (1 bit) &

sequence number redundancy versions (2 bits)

second TrBlk

Precoding information 3 3 3 Precoding matrix (4 bits for 4 Tx, 1-3 bits
for 2 Tx}, FFS if this field can be removed
& semi-static configuration is used
instead

CRC 16 16 16 CRC masked by UE MAC ID

Total: 55 59 67

TABLE 4. PDCCH Formats and Contents — Format 2 for DL assignments in MIMO,

(0092} In FIG. 12, as a second exemplary option, consider the following set of
constraint rules depicted as a methodology 1200 comprising the following set of rules used
by eNB for MIMO DL of TABLE 4: (1) Distributed transmission flag indicates not
distributed (block 1202); (2) Resource allocation must allocate less than a defined
fractions of the bandwidth (1 bit) (block 1204); (3) Possible restrict MCS for each of the
two transport blocks, such that the highest modulation is not used (1 bit) (block 1206);
and (4) Retransmission sequence number indicates a first HARQ transmission (3 bits)

for first and second transport block (block 1208).



55 FFS if possible to reduce to 3 bits by interpretation together
with MCS for first CWRetransm ssion sequence nunber second TrBlk 3 3

3 Separ at indicator (1 bit) & redundancy versions (2 bits)
Pr ecodi ng%ﬁ?@?ﬁﬁs?"on 3 3 3 Precoding matrix (4 bits f §CTH ?"0‘17-6@
bits for 2 Tx), FFSif this field can beyfenoved & sem -static
configuration is used instead CRC 16 16 16 CRC nmasked by UE MAC I D

Tot al : 5559§0093ABL En #1G P eiradess ingind fielg Codtt eqiipment F0NRE cémp@ingDL
assi gnment s p{a?for'\l/ln %2 that provides means for receiving a semi-persistent scheduling indication
from an access node (FIG. 14). In particular, the computing platform 1302 comprises
sets of instructions or code (modules) 1304-1312 executable by a processor 1314 that
also controls transmission and reception by a transceiver ("Tx/Rx") 1316. In particular,
means (module) 1304 are provided for detecting a grant for semi-persistent scheduling
(SPS) on a control channel. Means (module) 1306 are provided for verifying a
constraint on a portion of a payload carried on the control channel indicative of valid
scmi-persistent scheduling as a condition for determining payload validity. Means
(module) 608 are provided for computing cyclic redundancy check (CRC) for the
payload. Means (module) 610 are provided for comparing the computed cyclic
redundancy check with a CRC field accompanying the payload. Means (module) 612
are provided for transmmtting semi-persistent scheduled data in accordance with the
validated payload. Thereby, the access node 600 provides that the verified unused
control field that augments the check field to mitigate possibility of the check field

indicating cotrect reception with an error in the random access response.

[0094] In FIG. 14, an access node (¢.g., eNB) 1400 has computing platform 1402
that provides means for causing a computer for transmitting a semi-persistent
scheduling indication for enhanced validity determination by an access terminal {(e.g.,
user equipment). In particular, the computing platform 1402 comprises scts of
instructions or code (modules) 1404-1410 executable by a processor 1414 that also
controls transmission and reception by a transceiver ("Tx/Rx") 1416, In particular,
means (module) 1404 are provided for setting a grant for semi-persistent scheduling
(SPS) on a control channel. Means (module) 1406 are provided for imposing a
constraint on a portion of a payload carried on the control channel indicative of valid
semi-persistent scheduling as a condition for determining payload validity. Means
(module) 1408 are provided for computing cyclic redundancy check (CRC) for the
payload. Means (module) 1410 are provided for transmitting the computed cyclic
redundancy check as a CRC field accompanying the payload for granting transmission
of semi-persistent scheduled data in accordance with the validated payload and CRC

field by user equipment.

[0095] What has been described above includes examples of the various aspects. It

is, of course, not possibie to describe every conceivable combination of components or



[00921In FIG 12, as a second exenplary option, consider the

follow ng set of constraint rules depicted as a net hodol ogy 1200
conprisin he ol | owing set of rules used by eNB for
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possi bl e. Accordi ngl %/ the subj ect specification intended to enbrace
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in regard t e various nctions perforned ove escrl
employed.

[0099]  In view of the exemplary systems described supra, methodologies that may

be implemented in accordance with the disclosed subject matter have been described
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27 8. A nethod for transmtting a scheduling indication for enabling
mul tiple error checking by applying a constraint on a portion of a
payl oad carried on the control channel indicative of valid grantor
assignment as a condition for determ ning payload validity in
conjunction with a cyclic redundancy Zheck, CRC, the nethod
conprising: encoding a control channel payload for indicating a grant
or assignnent; inposing said constraint on said portion of the

payl oad c&RFed on the control channel indicative of valid grant or
assignnent as a condition for determ ning payload validity; and
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6. The apparatus of claim 5, further comprising the computing platform for taking no action if the canstraint is not met
even if cyclic redundancy check is met.

7. The apparatus of claim 5, further comprising the computing platform for verifying the constraint on the portion of the
payload by delecting an uplink grant flag, a new data indicator set to a pre-defined value, an a periodic channel
quality indicator set fo a pre-defined value, a resource allocation allocated fo less than a pre-defined fraction of
bandwidth, or a restricted modulation and coding scheme that does not use highest modulations.
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A method for transmitting a scheduling indication for enabling multiple error checking by applying a constraint on a
portion ofa payload carried onthe control channel indicative of valid grant or assignment asa condlition for determining
payload validity in conjunciion with a cyclic redundancy check, CRC, the method comprising:

encoding a control channel payload for indicating a grant or assignment;

imposing said constraint on said portion of the payload carried on the control channel indicative of valid grant
or assignment as a condtion for determining payload validity; and

transmitting a grant or assignment comprising the payload on a conirol channel,

The method of claim 8, further comprising imposing the constraint so that no action is to be taken if cyclic redundancy
check is met.

The method of claim 8, further comprising imposing the constraint on the portion of the payload by setting an uplink
grantflag, a new data indicator set to a pre-defined value, an aperiodic channel quality indicator set to a pre-defined
valug, a resource allocation altocated to less than a pre-defined fraction of bandwidth, or a restrigted modulation
and coding scheme that does not use highest modulations.

. A computer-readable storage medium comprising computer-executable instructions to perform the steps of any of

the claims 1 to 3 or 8 to 10 if the computer program is executed on a computer,

An apparalus for transmitting a scheduling indication for enabling multiple error checking by applying a constraint
on a portion of a payload camied on the conirol channel indicative of valid grant or assignment as a condition for
determining payload validity in conjunction with a cyclic redundancy check, CRC, the apparatus comprising:

means for encoding a control channel payload for indicating a grant or assignment;
means for impesing said consfraint on said portion of the payioad carried on the control channel indicative of
valid grant or assignment as a condition for determining payload validity; and

means for transmitting a grant or assignment comprising the payload on a control channel.

The apparatus of claim 12, wherein

the means for encoding a controf channel payload is a computing platform;
the means for imposing a constraint is the comptting platform; and

the means for fransmitting is a transmitter.

The apparatus of claim 13, further comprising the computing platform for imposing the constraint so that no action
is to be taken if cyclic redundancy check is met.

The apparatus of claim 13, further comprising the computing platform for imposing the constraint on the portion of
the payload by setling an uplink grant flag, a new data indicator set to a pre-defined value, an apericdic channel
quality indicator set to a pre-defined value, a resource allocation allocated to less than a pre-defined fraction of
bandwidth, or a restricted modulation and coding scheme that does not use highest modulations.



