PACKET AWARE SCHEDULER IN W RELESS COVMUNI CATI ON SYSTEMS CROSS- REFERENCE TO
RELATED APPLI CATI ONS [ 0001] This application clainms benefit under 35 U.S. C
119(e) frwon2bbe@i2dsovi si onal Patent application Serial Ror/ 324058958820
entitled Packet Aware Scheduler and filed July 20, 2004, the entirety of
which is hereby incorporated by referende. BACKGROUND I. Field [0002] The
follow ng description relates generally to wrel ess comruni cati ons and,
anongst other things, to scheduling resource assignments to user devices in
a wrel ess net PAIGKETA WARE SCHEDULBR Ky WIRELESS GOMMUNIEATION wor Ki ng
systens have becone a preval ent neansyBYEMi$ch a majority of people

wor | dwi de has conme to conmuni cate. Wrel ess conmuni cati on devices have
beconme smaller and nore powerful in order to neet consumer needs and to

i nprove portability and conveni ence. The increase in processing power in
nmobi | e devi ces such GROSSFREFERENCE Q) RELATEDARRENCATIONSal s has led to

an increase. in,the types.of. applications,. a i exi.ty, avail able
for use inmﬁnﬁél es@%&ﬁﬁkﬁ%‘i’,’éﬁagﬁ ?Eﬁg?&@ef ?ﬂy[sg(élsgr@?@g oﬁll¢'%have

differ ent  reegHkioRaTEaktcnt Bﬂﬂicbﬁ’&ﬂ%r@!l No%lﬁsimgm“&ﬁiﬂeh@ﬁ% AWareS@reduler
communi cation systens generally utilize different approaches to generate

transmi ssi and fidedbluly 2¢ 2004.ttheedtietnod whidheis hereby impemesated By eaferema®y be code
di vision multiplexing (COM systens, frequency division nultiplexing (FDV
systens, and tinme division nultiplexing (TDM systens. One comonly
utilized variant of FDMis orthogoBACKGRQIENDY di vi sion nul tiplexing
(OFDM that effectively partitions the overall system bandwi dth into

nul tiple ort hogdﬁ%m subbands. These subbands are also referred to as tones,
carriers, r ; wabandqi s

associ at eds[y\nﬁqzﬁ T:aﬂe%@%vér :ag?cr@EQ? i%%ﬂél%éé@%ﬁg?g}t?%h smcctﬁ%%gglt% a. Wgﬁ ' time

di vi si on basenhgstetheritiiugs to schbdulthgi resospde) assignmentsiceser dévicesagasnteleas ti ne
slices or ti?"??fgl ots. Each user of a channel is provided with a tinme slice

for transm™ SRR vi ng

IL. Background

[0003] Wireless networking systems have become a prevalent means by which a
majority of people worldwide has come to communicate. Wireless communication
devices have become smaller and more powerful in order to meet consumer needs and
to improve portability and convenience. The increase in processing power in mobile
devices such as cellular telephones and access terminals has led to an increase in the
types of applications, and their complexity, available for use in wireless communication
systems. These services all have different requirements for bandwidth and latency.
[0004] Wireless communication systems generally utilize different approaches to
generate transmission resources in the form of channels. These systems may be code
division multiplexing (CDM) systems, frequency division multiplexing (FDM) systems,
and time division multiplexing (TDM) systems. One commonly utilized variant of
FDM is orthogonal frequency division multiplexing (OFDM) that effectively partitions
the overall system bandwidth into multiple orthogonal subbands. These subbands are
also referred to as tones, carriers, subcarriers, bins, and frequency channels. Each
subband is associated with a subcarrier that can be modulated with data. With time
division based techniques, a band is split time-wise into sequential time slices or time
slots. Each user of a channel is provided with a time slice for transmitting and receiving

information in a round-robin manner. For example, at any given time ¢z, a user is



information in a round-robin manner. For exanple, at any given tinme t, a
user isprovided access to the channel for a short burst. Then, access

swi t ches wo 2aewiib@s user who is provided with a short becstusedostopssss f or
transmtting and receiving information. The cycle of "taking turns”
continues, and eventually each user is pfovided with nultiple transmi ssion
and reception bursts. [0005] CDM based techniques typically transmt data
over a nunber of frequencies available at any tinme in a range. In general,
data is di girvvidedlactesh to plicectthnos] dor Dstord taipdte Themdetads bwitoites teanvtitar ukdrpl e
users can be, overl aid on the channel  an resgective user.s can. be assigned a

uni que sequihris Eevded With p shedt Russt ofifims foritianymyitiing and TeeiWng HIHAMAGRK of
spectrum Wwhet & a‘mjﬂgstgfn' 8 .S ' ngzgg bd &ithandw dt h by
its respecti veﬂﬁ%icgue spr eac?i ﬁgﬁtg@gée’.ah&rﬁ?ég{tecﬁﬁi&gﬁse&%gpr{sg&ig%?’gg for

shari ng, whmnkipte ttamemassiomend recsption Bstsconcurrently transnmit and recei ve.

Such sharin chi eved t hr.ou spr ead ectrumdiqgit nodul ati on,
wherein a (BOPAICOf B5H B¥RTabe TR BREH ARG A OhE oSedlR W de
channel in galgaedomyanaom 4 REH. O gedélal, dSEed &i%'rtizbdi afkeSprediesi et vdilgslegni ze
t he associ ated uni que sequence code and undo the random zation in order to

col | ect t hebasdwidth,ovhegeip apuliiplausgers garebe overlgidcasbe ehanngleandaespertiGOBEIsA
typical wr l.cat ' 1 tinme,
and or code g eeRBERae Rugiel U0, fifercan (EIBLEN BF S €HE G 1| 10
provi de a cehuak afspeatrard, ahereieackh usdrBrsignabiispead ever.the mitire barsdsyidthdryntsnal s

that can transm.t and receiye data_wthin the coverage area. typi cal base
station canfesReTtye WHEWLEISRdneLodRi Thiniechnigug camprovide Tor; f’%r"ﬁlﬁﬁagﬂﬁ%lst,

mul ticast, anfRiustiabhRSincifEdly PiemNGStAIR. SHRSIEE bE adhidldgeam of
data that can be of independent” reception interest to nobile termnal. A
mobi | e t er nthrighwspitehd spectramodigital apelubation, wiiereih atuserds sireatnonfibots icenvodesd

i nterested %’@] recei vi n%lone, .ahle)re t han one or a(#ﬂl ghﬁ daL[?lFstreanB carried
by the conpB¥iPEadaFosht Vi REqF Shenngl RARSTHIoraRYAT Shion, THe 18Rt Sdat a t o
the base st@sigaed & reasfitahe BRBEIbRd LBIgHk B&uenddtddb @f& ufdsSthe MEndohifzapendw dt h
and other systemresources are assigned according to a scheduler. [0007] In
addi ti on, iincgderyprelidct thebits forcenarasilaraseidn ik cohereipginebn i s assigned to
different | S . ' ) | j ' [ Vi or whi ch
the i nf or mett o0 ADmiFdeEGs SERFRaERE hethoRRE L SO LR e 0

voi ce or Vi gfifor code division techniques) includes one or more base stations that provide a

coverage area and one or more mobile (e.g., wireless) terminals that can transmit and
receive data within the coverage area. A typical base station can simultaneously
transmit multiple data streams for broadcast, multicast, and/or unicast services, wherein
a data stream is a stream of data that can be of independent reception interest to a
mobile terminal. A mobile terminal within the coverage area of that base station can be
interested in receiving one, more than one or all the data streams carried by the
_composite stream. Likewise, a mobile terminal can transmit data to the base station or
another mobile terminal. In these systems the bandwidth and other system resources are
assigned according to a scheduler.
[0007] In addition, in a typical communication network, information is assigned to
different levels of service based upon the application or service for which the
information is utilized. For example, certain applications, such as voice or video
generally require low latency while others such as simple data requests may have higher
allowable latencies.
[0008] The purpose of a scheduler in a communication system is to multiplex the data

from users to the bandwidth for multiple transmissions. The scheduler may multiplex



generally require low latency while others such as sinple data requests may
have hi gher all owable |atencies. [0008] The purpose of a scheduler in a
comruni cavoaonosapstoem i s to nultiplex the data from user ecrastévs/obsssw dt h
for multiple transm ssions. The schedul er may nul ti pl ext he users

transm ssions over the tinme, frequency, *ode, and/or space. The goals of a
schedul er are to nmaxim ze the system capacity (throughput) while

mai ntai ning a specified | evel of fairness anong users and/or throughput for
each user. thausdslittanemissivheows igdtithe rfraquetod, todeparnidiofypase. dkhegpalsiofa t o
particul ar uEer t hat best serves the applications that are running on the
user's conn¥hequist argtognaximizedhe systean eapagity(throyehniy) waileypaintaigingad. ~For
exanple, t : Ao | 5]:{3% %ﬁﬁﬁ( f i ons
that are ru ﬁ?ﬁggﬁgkgﬁéy sgﬁg%Pﬁgg&gkp |5§F?% S. %ﬂgﬁgg %ﬁh e?ﬁgggfgk%bove
are often csshédulertwould likewd moyide sérvigk & patibwaiuksers thatyestrsphvasitee cert ain

goal s (such a quer || sector ca acitly%. 0009 Inhvi ew. of at least the
Sbove, 't horwobstters st s aRiine SRBRGEY prngcayt ¢k AEMISE RaPHsEOPDGy of
| Mprovi ng hdig! MS6ide@ MRt Uxample) thetRedul ® HHHRANENK ©SAHE tterly tagat ksith to users

in a wreless network environnent. SUMVARY [0010] The foll[ow ng presents a
si npl i fi ed enpeiops Brat gesumrngyistency snstivewpplicatians r therschedulgrgppld @bevenasi ¢

under st andi ' . Thy ' '
overvi cw or tapfen e B B AR e ehPu IR chubifs PRkl BEHEOBLN
identify keyveedll tiok capakitgl enents of all enbodi ments nor delineate the
scope of an all.. enbodinents. Its sole purpose is to present sone

or . 3

concepts of %Bﬂ%l Igvigw phatdeash theabAys there exigts agieed indhe ad foR 28ystismand(qide t o
the nore d | 1P : | I (004 . he added
to Final | zodrer & Erormeh it [ PR R Bl oo s g e

i || ustrat estoarsenglin a plireleas s@werkngnvatormsntconmuni cat i on system according to an
enbodi ment. [0013] Fig. 2 illustrates a spectrumallocation schene for a
mul ti pl e access wirel ess comruni cati on system accordi ng to an enbodi nent.
[0014] Fig. 3 illustrates a sinplifigdvNAaRy di agram of a systemt hat

facilitates packet ) o . )
[0010] The following presents a simplified summary of one or more embodiments in

order to provide a basic understanding of such embodiments. This summary is not an
extensive overview of all contemplated embodiments, and is intended to neither identify
key or critical elements of all embodiments nor delineate the scope of any or all:
embodiments. Its sole purpose is to present some concepts of one or more embodiments
in a simplified form as a prelude to the more detailed description that is presented later.

[0011] [To be added to Finalized Claims]

BRIEF DESCRIPTION OF THE DRAWINGS
[0012] Fig. 1 illustrates a multiple access wireless communication system according to
an embodiment. |
[0013] Fig. 2 illustrates a spectrum allocation scheme for a multiple access wireless
communication system according to an embodiment.
[0014] Fig. 3 illustrates a simplified block diagram of a system that facilitates packet
aware resource allocation according to an embodiment.
[0015] Fig. 4 illustrates a functional block diagram of a scheduler according to an
embodiment.
[0016] Fig. SA illustrates a methodology for scheduling according an embodiment.
[0017] Fig. 5B illustrates a methodology for scheduling according another embodiment.



aware resource allocation according to an enbodi nent. [0015] Fig. 4
illustrates a functional block diagram of a schedul er according to an
enbodi mrenwo 2p@MiBjosFi g. 5A il lustrates a nethodol ogy forcsafseasiorssge
according an enbodi nent. [0017] Fig. 5B illustrates a nethodol ogy for
schedul i ng accordi ng anot her enbodi ment.40018] Fig. 5Cillustrates a

nmet hodol ogy for scheduling according a further enbodinent. [0019] Fig. 6
illustrates a transmtter and receiver in a nultiple access wrel ess
conmmuni cat i [18lyEigeit dhastrated o chethadblogl TéY dchEAulnSEEdTinohl fiffid20] Var i ous
enbodi nent s ﬁ]r e!.now described with reference to the draw ngs, wherein |ike
reference n EMare used to refer to like el enents throughout. In the

foll owi ng d9es) k! ONllustrRes RHARANRS Ll 16N R NRh filtip1d HEBREOMReleRECI i C
details are set forth in order to provide a thorough understandi ng of one

or nore enbedimupcaiion systaenongembeiligeant, however, that such enbodi nent (s)
may be practiced wthout these specific details m other instances,
wel | - known structures and devices are shown in block diagramformin order

to facilitate describing one ODETNIE FD'DESCRIPIION 0021] Referring to Fig.
1, a nultiple access wreless comuni cation system according to one

enbodi ment  10820) Vardeusembediments are npweleseried wvith refarenss to bigdayiags vawray st em
100 i ncl ude | . ] 6.1 b .

enbodi nment lzlfé]?él%é&%%ufehglé lssacrgl?lf&l%gae}i%ﬁ&ge}ﬂ&%%t nma ?’%& Ihtljg-lee ftgﬂg‘zlé‘ ess

poi nt 150 t &atription, frearpuséd ofiExplaasoing nemerbhe spasi fic detadls aecdeo fathanerdedr med
by groups of ant.ennas each responsible for co nication Wwth access
Cerminal s i 1? BEOWEF 6150 qrﬂsrsgﬂeanngwf Spe PT meBEMBABRS FB‘Q{B’? eyidsnt, 1 14,
and 116 eachow&fkf, &8 90¢h dtbclifdbdt{s§ hBHbePsdietd withotGhdse dptifi AdtARN3n 9T OUPS
118, 120, and 122 each correspond'to a different sector hi cell 1086,

ant enna gr oofper ingtances 2gell-kmuvi sticsmesandalev wepaneshown in blo¢k diagram foowtinr .

[ 0022] Each _cel| finf%‘ﬁd@s everal access tgrm’ nals which are in

comuni cat i SRehRCI e deseribing anc.or miore Smbodiments. o - cess poi nt. For exanpl e,
access ter njonai SR&RBAIPNE F@A, aafulfiple GEURERIrelads comraficatib ysté@fi @6&tding
termnals 134 and 136 are I n communi cation with access point 144, and

access t er morfaiesmbodimgiy isiljpstepted. A mudiinleiagcess Wispless communication system
100 includes multiple cells, e.g. cells 102, 104, and 106. In the embodiment of Fig. 1,

each cell 102, 104, and 106 may include an access point 150 that includes multiple
sectors. The multiple sectors are formed by groups of antennas each responsible for
communication with access terminals in a portion of the cell. In cell 102, antenna
groups 112, 114, and 116 each correspond to a different sector. In cell 104, antenna
groups 118, 120, and 122 each correspond to a different sector. In cell 106, antenna
groups 124, 126, and 128 each correspond to a different sector.
[0022] Each cell includes several access terminals which are in communication with

- -one or more sectors of each access point. For example, access terminals 130 and 132
are in communication base 142, access terminals 134 and 136 are in communication
with access point 144, and access terminals 138 and 140 are in communication with
access point 146.
[0023] Controller 130 is coupled to each of the cells 102, 104, and 106. Controller 130
may contain one or more connections to multiple networks, e.g. the Internet, other
packet based networks, or circuit switched voice networks that provide information to,
and from, the access terminals in communication with the cells of the multiple access
wireless communication system 100. The controller 130 includes, or is coupled with, a

scheduler that schedules transmission from and to access terminals. In other



access point 146. [0023] Controller 130 is coupled to each of the cells
102, 104, and 106. Controller 130 may contain one or nore connections to
mul ti pl e weteawds40se. g. the Internet, other packet base@cmaiSamslssssOr
circuit switched voice networks that provide information to, and from the
access terninals in comunication with the cells of the nultiple access

W rel ess communi cati on system 100. The controller 130 includes, or is
coupled with, a schedul er that schedul es transm ssion fromand to access
term nal s. tmbodimensnthe dechrednles may hesidedheaet imdividual ek iealsh sectoeafdicallydt w1 dual
cell, each sector.of a cell, or a conbination thereof. [0024] As used
herein, an 8‘&‘5@§t‘%ﬁhﬁﬁeoﬁay be a fixed station used for communicating wth

the term na@zapﬁsrm@aﬁ RrSif, £eactEk PoIre thaly Be afixe@RehtioR GbdilPr eQRuRcattld t he
functionality of, a base station, 'a Nodé B, or sone other termnology. An

access t er nivithithgrigymimalsengd mayellsorhegdferred insas, andiinchide golme spalkthsr al | t he

functional i f user equi pmen ) .. a Wreless .communi,cation devi ce,
term nal , a%ﬁ??aéﬁ%?tzta :BS%OSE?t%goﬁ%Tog%ﬁe?r ﬁog}erﬁtﬁgﬁg pglf’%Zéf EEPer ring to
Fig. 2, a spegidalifMaglalso®eiréfered o @nd i@Elude §othé biPdIEthd GeRESnAity 6f @Ser
comuni cation systemis illustrated. A plurality of OFDM synbols 200 are
al | ocat ed ot@HpmentyFEY a wielessromupnicatiop dgviepdgrmyndcamopie statigmpensoayepiy]

synbol 200 ' e synbol period of the T synbol periods and a tone
or frequencgﬁgﬁ{?ggﬁlr%llog& of the S subcarriers. [0026] In an OFDM frequency

hoppi ng sys{092f] Bafering twlig 25 yrpattmn?ilbeation deheas forgiaditipte aaceps wareladscess
term nal hi one enbodi nent of an allaqcation s as sho in Fig, .2, one
or nore ho pc‘?rB@iuB’l‘f%t,“_”bs.y&enh‘S pllystrgtedn Azlgﬂr,aﬂ&f oé(gﬁﬁ& W@l% Bt Bﬁ?fgteg_c cess
term nal s f gyerCiOfMiHI pafiddAnd St eqleh S sabsribls NKachbiEDIM s 200P T €gi on,
assi gnment of syrbol s may be random Zed to reduce potential interference
and provi decémpugge 0oy syihba psiiod ot Treymbdbperiods iandig tgneton fisfiiencys. [ 0027]

Each hop regqilbon 202 éﬁngnﬁes .sl)énbol s 204 that are assigned to the one or
more access “HoSPHEASF LS KPCUPES; 11 communi cation with the sector of the

access poi nIO&UPhﬂ&SOBD@dﬁE@le&l@?hﬂgﬂng’@@{eﬁﬂon%fianb KA1 ALY beod, or
frame, the location of hop region 202 within the T synbol _peri%::ls and S
subcarri er sassigned {0 & EWER 8¢eess teaninak dppnagmbodiment of an allocation scheme as

shown in Fig. 2, one or more hop regions, e.g. hop region 202, of symbols to a group of
access terminals for communication over a reverse link. Within each hop region,
assignment of symbols may be randomized to reduce potential interference and provide
frequency diversity against deleterious path effects.

[0027] Each hop region 202 includes symbols 204 that are assigned to the one or more
access terminals that are in communication with the sector of the access point and
assigned to the hop region. During each hop period, or frame, the location of hop region
202 within the T symbol periods and S subcarriers varies according to a hopping
sequence. In addition, the assignment of symbols 204 for the individual access
terminals within hop region 202 may vary for each hop period.

[0028] The hop sequence may pseudo-randomly, randomly, or according to a
predetermined sequence, select the location of the hop region 202 for each hop period.
The hop sequences for different sectors of the same access point are designed to be
orthogonal to one another to avoid “intra-cell” interference among the access terminal
communicating with the same access point. Further, hop sequences for each access
point may be pseudo-random with respect to the hop sequences for nearby access
points. This may help randomize “inter-cell” interference among the access terminals in

communication with different access points.



sequence, hi addition, the assignnent of synbols 204 for the individual
access termnals within hop region 202 may vary for each hop period. [0028]
The hop swqueswmr24vay pseudo-random y, randonmly, or accordirng2608/025856
predet erm ned sequence, select the location of the hop region 202 for each
hop period. The hop sequences for differént sectors of the same access
poi nt are designed to be orthogonal to one another to avoid "intra-cell"”

i nterference anong the access term nal comunicating with the sane access

poi nt. Furt [0029] hinthe seglofagesriedinkaddimaicaong, poadf thayynislp3Guckie icpndom
wi th respect to the hop. sequences for nearby access points. This nmay help
randoni ze " FSH2026¢ 85}% R %ﬁw@bglﬁ&%mﬁé@a@e@éﬁw% 396§ss tgrpunals

commni cat | giynbhidispdirer tats%%&g?ﬁnggpisl&tfgg{bgﬁ%@hé sgnmafs_ RAPodly @ Teverse

| i nk communi cation, sone ht ) f a hop region 202 are
assi gned t opysifdrattly syprionti spacehdivisemenyltiplesintess (8D¥MA)nwhére semelsof differentnal s t o

the access point,. The assignnent of pilpt synbols,.to th nbol s 4 shoul d
brof ot ably BSPUPTIES SYARPIRE B ey B EHEOAEE OE SR AP Lifal o of
di fferent ageiws ahtehidseh Sedddedriaodues P&lnt? PrévidedSeABRg@iffef R BNspadM be
separated due to nmultiple receive antennas at a sector or access point,

provi ded en8igp¥uies Foespardingfo diffgranhccessgaraningles corresponding to different

access term 0 t 1 | | cts hop
egi on 200 TUADR shOHIRE ablediR dine vl Bcpitud o lBh oo phne 161G 6 0

regi on 200 eaenlgmbalypetiods, tistlemgth vlihop region200\ah be ahy deshed waeantmayper i ods,
or between diff_er,eng hoppi ng regions in a given hop, period. [0Q31] The
synbol s, holawdlysign Betwsen hopaperiqds, ydisaresndiifergnt hopping segioRs ing BYR kPt h
respect to thepackets in terns of size or timng. This creates the need to
fragment the packets and to assenble synbols fromthe fragnented bits,

whi ch i ncr e§3033] Thesymbdls,dop regioms, scthe diit gengrallyedd mdt anapeiniedo oh wghcont ai ned

| oPackets L8R FRRLSRE L AT O LOSAPIIL sohRU e ke, v ©
hoppi ng, t hgadkeahil easkémblReyRibekkrireté fgineRRd¥its Sk Kidh RRkyBE theonsecut i ve
hop periods. [0033] It should be note that while the enbodi nent of Fig. 2,
rel ates to ditculsypnlscheduling the information bits contained in packets in an appropriate

fashion.

[0032] It should be noted that while the embodiment of Fig. 2 is described with respect

to utilizing block hopping, the location of the block need not be altered between

consecutive hop periods.

[0033] It should be note that while the embodiment of Fig. 2, relates to and OFDMA

system utilizing block hopping the current disclosure may be operated in many different

communication systems. In an embodiment, the communication system utilized may be

a time-division multiplexed system where each user is assigned one or more time slots,

or portions thereof, in one or more frames, periods, or the like. In such embodiments,

each time slot may comprise multiple transmission symbols. Further embodiments,

may utilize CDMA or FDMA schemes, where each user is assigned transmission

resources based upon other criteria, so long as those resources may be divided or

limited.

[0034] Referring to Fig. 3, a simplified block diagram of a system that facilitates packet

aware resource allocation according to an embodiment is illustrated. A network 300

transmits and receives packets from the wireless communication system 302. Packets

received from the network 300 have a first format that is of a specified number of bits

based upon the communication protocol utilized by the network. Scheduler 304 assigns



systemutilizing block hopping the current disclosure my be operated in
many different communi cation systens m an enbodi nent, the conmunication
syst em utwbizaeshipmy be a tine-division multiplexed syst ecrwsess/oessh user
I s assigned one or nore tine slots, or portions thereof, in one or nore
franes, periods, or the like. In such enflodi ments, each tine slot may
conprise nultiple transm ssion synbols. Further enbodinents, nmay utilize
CDMA or FDWVA schenes, where each user is assigned transm ssion resources
based upon phdlets awdipoetiond of packetsndepeadinp o8 ¢heireszaundasfomaytidrecaitent,ded or

l[imted. [0034 eferring.to Fig. .3, a si [ified bl ock di am, o system
Lhat faei | ehiinel s, hasastagac) ssolreat kbt Bredugin gl 00°

enmbodi ment i3 oitlet HSdlshAdsRi syfhto&! VIR raKy SHAmUhRASH dy3teRl) the ey BEcIRARKEL S
fromthe wireless comunicati on system 302. Packéts received fromthe

net wor k 300 r¢savrses; efg. ORDNsymbolst time slots, 6DMA spéesi 61 thd likerryerlabdé fasiang based

upon the comruni.cation .prptoc tilized by the twar k.., Schedyl 304
ol ghe pack BN Asape it RuRER by Hie s &R byl AR, e SeBEgHerciog

i nf or mat i on deRRhBE thelchamRBFUErcés0 WHiCIED - asSiPE &R ififoanmedn BigSRUiGRA Ny be,
for exanple, OFDM synbols 200 or other transm ssion synbols. In_any

communi cat i &¥ithiyeachpackeh basednipdartopn whetherdhe prtis inferaation cgnteptpia packefol s,
time slots, LKes A . QJ.V i iod is
it od by’ {9 CyERHER sl b A Sheybls B Siolhod i eyt Ind R AL 1
t he channel giveaainiegsiodgiveni githe appliatigntotwidch thieackedt belongs.t s cont ai ned

wi t hin each packet. base in part, on_ whether e entire informatiaon
content of 16] %@be%gpf* 51 Emﬂow tj Pﬁ‘ﬁ‘ﬁt %hﬁéﬂ%ﬂéwrﬂé@ﬁ%m aldiondp ag) ot s,
hop regi Ons1qu91'it¥tol?§er'vicE?Qo§ﬁE)r(%oﬁio\ﬁﬁpfairhé@ cRRAHaOSh e SEREIUMNg b Sro@dRs,igrat i on
to which the paCket bel ongs. [0035] Schedul er 304 can enploy a full packet
schedul i ng rcembinatomsthercof. abiuit is, one ofghe fagtons utiljzedfin deqiding éhe(sch&lule of
proportional fairness criteri ot her schedul i ng _apprgoaches, ..or

onb nat | onsviRel BgRsmik Sl e e} coRBSRtRe ARy ARR REEAFHNRES: i ng « ne
schedul e of igfsfhstich Bifsabatinet &l thepatketd) &hidhrialve ert#if HieHdly ¢ahdtRhtSyatem 302
I's whether the information bits contained in the packets, which have

certain | at ey thesrppplicationscapdsdransipisted trin a tms|fFame; regyired by thee
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for user A, scheduler 304 determines the number of bits in the packet and will determine

the number of transmission symbols required to transmit the contents of the video
application packet. Then, scheduler 304 may schedule transmission to user A, based
upon the QoS of the user, fairness criteria, other scheduling approach, or combinations
thereof. However, in those cases where the entirety of the information bits contained in
the video application packet cannot be transmitted in a required time period, scheduler
304 will make a determination based upon the latency requirements of the video
application whether to schedule the transmission of the symbols corresponding to the
information bits contained in the video application packet in another portion of the hop
period, frame, or transmission time period or to attempt to allocate additional resources
to the information bits, contained in the video application packet, within the current hop
period, frame, transmission time period, or the like. The additional transmission
resources may be those allocated to other users, or may be additional resources such as
shared data channels or the like.

[0036] Scheduler 304 may reside in a single wireless communication device, such as a

base station or access point, or may be distributed within multiple wireless



for user A scheduler 304 determ nes the nunber of bits in the packet and
Wl determ ne the nunber of transm ssion synbols required to transmt the
cont ent s wb 206wm1vdodeo applicati on packet. Then, schedul ecTa®4omsmysssehedul e
transm ssion to user A, based upon the QS of the user, fairness criteria,
ot her schedul i ng approach, or conbinatiofis thereof. However, in those cases
where the entirety of the information bits contained in the video
application packet cannot be transmtted in a required time period,
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The information is typically contained in packets 402. These packets 402
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transmit, over a wireless interface, the information bits contained in packets 402 the

physical layer 406 needs to generate transmission symbols 408 that are of the
appropriate size and format for transmission via channel 410.
[0040] Channel 410 includes a plurality of portions 412-426 that each are utilized for
different purposes. For example, some portions may be utilized for transmitting control
information, such as power control or reverse link scheduling information, while others
may be utilized for transmitting data to one or more access terminals. The resources of
. some portions 412-426 may be used for multiple purposes, to allow for flexibility in
utilizing channel resources, of transmission for different purposes based upon the types
of information being transmitted or channel conditions for each user.
[0041] There are two main interface options for translating the information bits
contained in the packets at the application layer 400 and to the transmission symbols, or
other channel resources, of the physical layer 406. The first is a bit interface that
transfers information from the application layer to the physical layer in chunks of bits.
The physical layer can request and transmit bits in arbitrarily sized chunks, based upon
its own transmission symbol sizes. The second type of interface is a packet interface

that transfers information from the application layer to the physical layer in chunks of



that generated the packets. The latency requirenments of the applications
may be known based upon the infornmation type identified in each packet, for
exanpl e. Wwo 2006tiap4050 transnit, over a wirel ess interfacecTiuseoosnbssserati on
bits contained in packets 402 the physical |ayer 406 needs to generate
transni ssi on symbols 408 that are of the%ppropriate size and format for
transm ssion via channel 410. [0040] Channel 410 includes a plurality of
portions 412-426 that each are utilized for different purposes. For
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t hat the physical |ayer does not have restrictions on the size 0f data
that can be not b@:\@szhenlnelfetspsrcss anpiilable exefficienty hudiupler mepensers onfoiecause it
can schedulehmhaiever sized chunk fits in the avail able channel resource.
However, the @i ¥advantage i s that without taking into account application
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unlike the bit interface, this hybrid interface 430 provides the scheduler 428 with
information associated with the application packets that can be useful for scheduling
purposes. For example, when the physical layer requests bits, it is provided with
information about the remaining number of bits in the current packet, and the timestamp
| of the packet. Furthermore, the hybrid interface 430 may also provide packet size and
timestamp information of other packets waiting in the application queue to be passed to
the physical layer.
[0044] In one embodiment, scheduler 428 my make use of the information available via
the hybrid interface 430 to reduce the likelihood of fragmented application packets. If
the scheduler 428 has knowledge of a packet boundary, it can attempt to schedule the
remainder of the packet within the current hop period or other time frame, even if this
might be difficult with respect to available channel resources. The scheduler 428 may
use the number of remaining bits, the latency sensitivity, and the difficulty of obtaining
channel resources to make the decision of whether or not to fragment the application

packet, or to schedule the entire packet in the current hop period or other time period.



not have channel resources available to efficiently multiplex many users
onto the channel. [0043] Schedul er 428 utilizes a hybrid interface 430 that
i ncl udes wbeodaunedosonal ity of a bit interface and a pacletr/uspissntssse. The
hybrid interface 430 provides the ability of the physical |ayer to pul
arbitrarily sized chunks of data fromtH@ application to enable efficient
scheduling and nultiplexing on limted resources in the channel. However,
unlike the bit interface, this hybrid interface 430 provides the schedul er
428 wit h i nf0fdsiOhoadvaatge bfitislizing this LiybeidappifacedI0as thanitleastded that can be

seful for sch | rposes. .For exanple, when the sjcal | ayer
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and appl i cafromrthatshewn anddesctibedimreim Fer exsonpdd, atrhethedodogyedoukdaltepetivelynance

of the appljcation sinultaneously. [0046] Referring,to.Figs. S5A 5B, and
SC, ' et hodoPbaPESaE! RS of eGP ke SRRk MEn R b e Sl
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under st ood pingdicaplayerciiah dgbridaiterfdee, block 502. Then a determination is made as to

whether the information bits to be scheduled have been provided from packets for which
all of the contents will be scheduled during the current time period, block 504. In the
case where the contents of each packet from which information bits have been provided
for scheduling can be scheduled in the current time period, the packets are scheduled
according to the scheduling algorithms of the system, block 506. The scheduling
algorithms may be based upon quality of service (QoS), proportional fairness criteria,

_ other scheduling approaches, or combinations thereof.
[0048] If the contents of each packet from which information bits have been provided
for scheduling has not been provided for scheduling or cannot be scheduled during the
current time period, a determination is made as to the latency constraints and/or other
transmission requirements of the contents of those packets, block 508.
[0049] If there are no latency constraints and/or other transmission requirements that
prevent the remaining information bits to be transmitted in a later time period, the
information bits for those packets are removed from scheduling during the current time
period, block 510. If there are latency constraints and/or other transmission

requirements that require transmission of the packet in the current time period, the



met hodol ogies are not |imted by the order of acts, as sone acts may, in
accordance with one or nore enbodi nents, occur in different orders and/or
concur r enwbyovd/dibdoet her acts fromthat shown and descri lped/usesosionssséor
exanpl e, a methodol ogy could alter nativeI?/ be represented as a series of
interrelated states or events, such as i hla state diagram Moreover, not
all illustrated acts may be required to inplenent a nmethodol ogy in
accordance with one or nore enbodi nents. [0047] In Fig. 5A information
bits from a sphadukek httgmmts tpatkeaiditicnakbchaand irssedrcas fdr anghigsion & theayarofvhea a
hybrid interface, '
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t he schedul girevent the remaining information bits of the packet to be transmitted in a later time

period, the packet is fragmented and the information bits, for which there exist channel

resources, is provided for scheduling during the current time period, block 558. The

remaining information bits from the fragmented packet are maintained in one or more

queues for scheduling in later time periods.

[0052] If there are latency constraints and/or other transmission requirements that

require transmission of the packet in the current time period, the scheduler attempts to

. add additional channel resources for transmission to the user of the packet or to remove

channel resources from other users, block 560, to allow all of the information bits from

those packets that have the latency constraints and/or other transmission requirements.

The system then schedules according to the scheduling algorithms of the system, block

562.

[0053] In Fig. 5C, a number of information bits to be scheduled for a user is determined,

block 570. This may be determined based upon a number of packets stored for that user,

the number of packets to be transmitted in an upcoming time period, or some other

approach. Channel resources are then assigned to each user based upon the number of

information bits in the packets, block 572. In many cases, a user may be assigned a



bl ock 550. Then a determination is nmade as to whether there exi st
sufficient channel resources, in the current tine period, to schedule all
of the invoroetdiensbits fromthe packet, block 552. |In the/usams/ovssss e t he
contents of the packet for can be scheduled in the current tinme period, the
packet is fragmented and provided for sch2duling according to the

schedul ing algorithns of the system block 554. The scheduling al gorithns
may be based upon quality of service (QS), proportional fairness criteria,
ot her schedulunbgr ahpscuacﬂ@e@ to arfixed atnonsatt drapgo th érigaifamolht, tllqmndmgtomnt s of
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schedul i ng al fgﬁ)orlthms of the system block 562. [0053] In Fig. 5C a nunber
of i nf or nat iinfermatien bits fm;nw‘fmgmmdfmpkqs baverbeews allerated ehamott] rebbmces i570.
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access the channel resources ransm ssi on
t hough t he sijisifele mfdranamidms bitohainocbden ad:lbeerwrbiesources, block 578.

[0055] If there are no latency constraints and/or other transmission requirements that
prevent the remaining information bits of the packet to be transmitted in a later time
period, the packet is fragmented and the information bits, for which there exist channel
resources, is provided for scheduling during the current time period, block 580. The
remaining information bits from the fragmented packet are maintained in one or more
queues for scheduling in later time periods.

[0056] If there are latency constraints and/or other transmission requirements that
require transmission of the packets in the current time period, the scheduler attempts to
add additional channel resources for transmission to the user of the packet or to remove
channel resources from other users, block 582, to allow all of the information bits from
those packets that have the latency constraints and/or other transmission requirements.
The system then schedules according to the scheduling algorithms of the system, block
584.

[0057] Referring to Fig. 6, a transmitter and receiver in a multiple access wireless
communication system one embodiment is illustrated. At transmitter system 610, traffic

data for a number of data streams is provided from a data source 612 to a transmit (TX)



resources based upon the information bits fromfragnented packets, at |east
in the first instance such allocation may not be fully done. The allocation
of the chaoneds/messurces nay be perfornmed according to trhe/selsdedsseg

al gorithns of the system The scheduling algorithnms nay be based upon

qual ity of service (QoS), proportional fdfrness criteria, other scheduling

approaches, or conbinations thereof. [0054] After the channel resources are
al l ocated, a determnation is nmade whether all of the information bits from
the fragnentdath pracdssdrs140in aihembedimehg egchhinerstehinds atmsinitedoverla respectivec es
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information bits fromthe fragmented packet are naintained in one or nore

queues for JSEARERifEAAEP™ HeUseler tine periods. [0056] If there are |atency
constrai nts [gpsK) Ol‘heOéJaE& dhta0s @h&ﬁ&sﬁﬁ‘ stré&fy &ﬁa@z@ﬁﬁltfﬂi@&d NERHBA& data using
transm ssmn of the packets in the current tirme perio t he schedul er

attenpts to QidMatdchiniquesalhe pdoftata lsémmlky@skﬂomn datmvéumtshma ptasesshd g er
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system 610,

coding, and modulation for each data stream may be determined by instructions
performed on provided by processor 430.

[0059] The modulation symbols for all data streams are then provided to a TX MIMO
processor 620, which may further process the modulation symbols (e.g., for OFDM).
TX MIMO processor 620 then provides Nr modulation symbol streams to Ny
transmitters (TMTR) 622a through 622t. In certain embodiments, TX MIMO processor
620 applies beamforming weights to the symbols of the data streams based upon the user
to which the symbols are being transmitted and the antenna from which the symbol is
being transmitted from that users channel response information.

[0060] Each transmitter 622 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 622a through 622t are
then transmitted from Ny antennas 624a through 624t, respectively.

[0061] At receiver system 650, the transmitted modulated signals are received by Ng
antennas 652a through 652r and the received signal from each antenna 452 is provided
to a respective receiver (RCVR) 654. Each receiver 654 conditions (e.g., filters,



data for a nunber of data streams is provided froma data source 612 to a
transmt (TX)data processor 614. In an enbodi nent, each data streamis
transm t twQ 2006112851 espective transmt antenna. TX dat arpraseasorsssdd
formats, codes, and interleaves the traffic data for each data stream based
on a partlcul ar coding schene selected fdf that data streamto provide
coded data. In sone enbodi nents, TX data processor 614 applies beanform ng
wei ghts to the synbols of the data streans based upon the user to which the
synbol s ar e dmplifgst amhdowht@verts)na espectévebrdeived tsignat, hdigitieesnther m’nd’giomﬂght S
may be enerate base en mvectors enerat ed at..the recei 602
T pr oot Qec B 1A RBles HE IR R AroeEres GBS Tley drovin, s CHEeEoRdSEs of
schedul ed t r-ggsMeassAhbol silBfm X data processor 614 can sel ect the packet
format based upon rank information that is transmtted fromthe user.

[0058] The clffel] AmiRX fae peeashsor 468 ther wagivemgndopropesses qbe é\faelucwqdwsymbodwt

d
o ern 1 Dareams S W ESeivl GaR tatta 6F b adat Reler prbeciRE NediBife sa,

system t o esprovidé &v;t hiRtechtdn RINbOESRARKE . Tﬂ'dqﬁrd&bﬂsirig%}em déth [ppéceadtel 6s0ded
data for each data streamis then nmodul at ed 2 .b synbol mapped) based on
0

a parti cul ardesgyéheddnifarther detaikbelewy Eacmstecte Mt ingjudgs synvpols dhasct ed
for that datg, %%t{rﬁﬁgg Sﬁthg n?é’du@zﬁr ea%}lﬁ‘b@fs' %ﬁt@ﬁ%ts the ?&gregil?o&]lg{nga&a?a st N9,

and nodul ati on for eac erm ne ucti ons
performed orRKrdata ghestekspr [oOChss arenmaﬁlateﬁspﬁ&ﬁieﬂ&nesﬁmﬂl Ida:todem eaginidetested or

all data strea are then proyided.to a MO processor 620, ' may
further proc EW%@JF%PR’FB% Wﬁ%‘b‘ﬁ)"éa >i§)elv(llat? eprqggswpgg) g}gé%tgsor
620 then proyhel&sorNe0TPebthpikineRtasy SRRkt p%}fbﬁﬁéﬂs n}f ?XTMHM@ﬂ%Bés%&%z% a(nﬁ'%@)

622a through 622t. In certain enbodinents, MO processor 620 applies
beanf or mi ng @e@agm@smr&lﬂwetrgmmabssy@ﬁemﬁ@ data streans based upon the user

to which the | s .are be|n nsmtte enn romwhi ch .t he
ool s DR e Teb s, PR bRy IS oS00 Ra e et
[0060] Each ﬁd&@ﬁﬁ%ﬁabers&wtmﬁcm@c@s‘m@n& B0 eRBheR @dﬁs@swetrl MQel§,y Bilge
streamto provide one or nore analo nal s, and furt her conditions (e.g.,

anplifies, fmpduation rafeg ofselammesy oot Plh@ 19n%| B Rrogessors660ompy Sirthes egfimate

modul ated s tﬂg§1g11§ff’jfr Om{ d%te%{e%%g‘é%@aﬁﬁg\éﬁg{]{%ﬁ%c%@ SR Streark, and

nodul at ed si gnal™s ransmtters are
possibly other channel characteristics, and provides these quantities to a processor 670.

RX data processor 660 or processor 670 may further derive an estimate of the
“operating” SNR for the system. Processor 670 then provides estimated channel state
information (CSI), which may comprise various types of information regarding the
communication link and/or the received data stream. For example, the CSI may
comprise only the operating SNR. The CSI is then processed by a TX data processor
638, which also receives traffic data for a number of data streams from a data source
~ 676, modulated by a modulator 680, conditioned by transmitters 654a through 454r, and
transmitted back to transmitter system 610. |
[0064] At transmitter system 610, the modulated signals from receiver system 650 are
received by antennas 624, conditioned by receivers 622, demodulated by a demodulator
640, and processed by a RX data processor 642 to recover the CSI reported by the
receiver system. The reported CSI is then provided to processor 630 and used to (1)
determine the data rates and coding and modulation schemes to be used for the data
streams and (2) generate various controls for TX data processor 614 and TX MIMO

processor 620.



then transmtted from N antennas 624a through 624t, respectively. [0061] At
recei ver system 650, the transmtted nodul ated signals are received by NR
ant ennas wb2aodithemagh 652r and the received signal frompeaals2@sioessse 452 is
provided to a respective receiver (RCVR) 654. Each receiver 654 conditions
(e.g., filters,anplifies, and downconveri%) a respective received signal,
digitizes the conditioned signal to provide sanples, and further processes
the sanples to provide a corresponding "received" synbol stream [0062] An
RX dat a pr odeeas) TheGafdrination eoeidviasdatn soyrcasceiRsarl 6TeisNRheddal bedctedalen!
streans from NR recei vers 654 based on a artiﬁul a{ recei ver processing

t echni que t &3 ogé skhefulegas discusged withgesPed 9 Eigssl-SThe processi ng by RX
data procesghed}aPnils FIESE ah@rk lalsobidfdan@iscudsibai bRt W MBAEN sedne CohEr
synbol streamincludes synbols that are estimates of the nodulation synbols
transmitted sygems mault anpussgingleiinppt (MISO3 tand smglRuigat muiti-onpas SIMOF Gnayhen
denodul at es, ,dei nt er] eave and _decodes.each detected.s ol streamto
Fecover t ho APatiE S S Rhue PR ERE S AP Sl MER R FEASHAT Ry RS,
processor 66frdig conpl ementary to that performed by TX M MO processor 620
and TX data Br ocessor 614 at transmtter system 610. B‘£30063]' The channel
response estlP@H dhgetaehniques dsgeritrd heesin sy besmaplermgntpd by s@fovp msans: oF ol
space, spac r . o 13! . change
ol at  on rApg, HeQERERIAks Mo IR in HAMED, BRYEL: bEYESbinGRBLEE
esti mat e t hah&egmhal Fdroa rigirdwearaniinplementitbore nthe pratéssing (WSS isedf forhehamekct ed

synbol streans, and possi bly other channel characterjstics, and provides
these quant iSHBaNeR, maybe dmplegientedoVithin opg ar Hae @eBliation p6Fing rptegsist 670

may further gepy ?A§Its?,f58fgﬂ§ite§§?%a Iérﬁ&sg&ﬁetiﬁ%ﬂ% el o? r%&é%sﬁﬁ{ a8 Mces

Processor 670 then provides mat ed channel state in tion (CSl)
whi ch may cdMSPDsk prgrawsably plegiofdevictor(@aDshn fieklg profragniahle @etemarragst i on

l'i nk and/ or recei ved data, stream. For e | e, the CSI C ri se
ont'y ¢ he opdFECASH TR SorhccceplibS” Ficsh 2hp B8 BEE altengpricersery dterionto,
638, which ain#9 deSighéd’ @S pkifednt ithe Bdicfons teseribeirBerei)for datémbinh@@ I BherédTMm a
data source 676, nodul ated by a nodul ator 680, conditioned by transmtters

654a t hr oughWith spftwanedimnlementatianeaanibadirongh medwlssia g eproggdurasniugeonsf gub4]
At transm ttsgron%lsa{ E&o%othetfﬁh%ti@sd&gs%beeq h%}e%al s fromreceiver system 650

are

[0068] What has been described above includes examples of one or more embodiments.
It is, of course, not possible to describe every conceivable combination of components
or methodologies for purposes of describing the aforementioned embodiments, but one
of ordinary skill in the art may recognize that many further combinations and
permutations of various embodiments are possible. Accordingly, the described
embodiments are intended to embrace all such alterations, modifications and variations
that fall within the spirit and scope of the appended claims. Furthermore, to the extent
that the term “includes” is used in either the detailed description or the claims, such
term is intended to be inclusive in a manner similar to the term “comprising” as

“comprising” is interpreted when employed as a transitional word in a claim.



recei ved by antennas 624, conditioned by receivers 622, denodul ated by a
denodul at or 640, and processed by a RX data processor 642 to recover the
CSlI reporwedodwywibdee recei ver system The reported CSI i crhmspogsnesssded to
processor 630 and used to (1) determ ne the data rates and codi ng and

nodul ation schemes to be used for the dat!§ streans and (2) generate various
controls for TX data processor 614 and TX M MO processor 620.[ 0065] The
information stored in data sources 642 and 676 is schedul ed by schedul er
based upon a schedul er as discussed with respect to Figs. 1-5. [0066] Wile
Fig. 6 and the associ ated di scussi on rﬁbgéﬁgio a MLMO system other systens
mul ti-input single-input (MSO and si “output nulti-input (SIMO) may
also utilize the structures of Fig. 6 and the structures, nethods and
systens discussed herein. [0067] The techni ques described herein may be

i npl ement ed by lvar i ddclepttanis deFise cempnplng, t hese techni ques nay be

i nplenmented in h r of, t [ omhi nat | eof . _Fpr a hardware
i npl enent ati on, ?%1%@%? ctggtsﬁt%\é@%ﬁ}u{éilt&;gggacgg{rs l@%(ﬁﬁ%fnqgéﬁ:aﬁ%tt? g?‘l may be

i mpl ement ed trdrshiitteduver ivirgleselinlnRhdtcat the plusdlitg of parkets comprtiag apluralityt S
(ASICs), digital signal processors (DSPs), digital signal processing

devi ces ( DSPHIIS; #dogr anmabl e | ogi ¢ devi ces (PLDs), field progranmabl e gate
arrays (FPCAS), PY GESSAH SupfeWifhitht ffeforithid SotQR BhliBlidd to determine an

m cr opr ocessors, ot her elechronic units ddslgned to performthe Tunett ons
descri bed heassignmentrofaransmissinatésonrceifor érahsmiv¥iomowayfatwiseless linkpod dreent at i on
can be through dul.es (e.q., procedures, functions, and sa op) that

bor f or m t ne TAHUR Shie ateidtiraaketRarhin pa opRY nReh & HALTBRORT HEs e bed
above i ncl uderk&RPbERhOTuIQNB aYing®PfrEnsIRASH PRI Dr nddltiple trafdmiSQss se, not
possi bl e to describe every concei vabl e conbi nati on of conponents or

met hodol ogi egerfods. pur poses of describing the aforenentioned enbodi ments,

but one of ordinary skill in the art may recogni ze that many further

conmbi nati ons and pernutations of various enbodi nents are possible.

Accordi ngly,2.t he Tiasdedtidait driedfohithd, Airther cungptibacg 4 Byteldintefacal | such
alterations, nodifications and variations_ that fall within the spirit and

scope of thedsgpanfgadsize oficagh packettand appprlication phbepacksht that the term
"includes"” is used in either the detailed description or the clains, such

3. The electronic device of claim 2, further comprising a scheduler that determines
whether information bits of a packet may be scheduled in a single transmission period
or multiple transmission periods based upon latency constraints of an application of the

packet.

4. The electronic device of claim 1, wherein the transmission resources comprise a

plurality of OFDM symbols.

5. The electronic device of claim 1, wherein the processor is further configured to
allow transmission of the information contained in a packet in multiple transmission
periods unless a latency constraint of the application of the packet prevents such

transmission.

6. The electronic device of claim 1, wherein each transmission period of the single

or multiple transmission periods comprises a hop period.



termis intended to be inclusive in a manner simlar to the term
"conprising" as "conprising"” is interpreted when enployed as a transitional
word i n awolasemiiodl M5 1. An el ectronic device conpri si rgT/iB200680038%6 t hat
stores a plurality of packets including information to be transmtted over
a wireless link, each of the plurality of7packets conprising a plurality of
bits; and a processor coupled with the nenory, the processor configured to
determ ne an assignnent of transm ssion resources for transm ssion over a
w rel ess |ink to Theelgtronialdetige of clhint $, wiiereia @hctpaaisatissivmseetiod of fieersinglgon
whet her all information bi.ts of a packet be scheduled in a single
transm ssi offT ﬁlﬂgtra?sr?%ﬁql?’?B?ré)dtst‘:g’ﬁgﬁﬂf%s@i%%eri ods. 2. The electronic
device of claiml1, further conprising a hybrid interface determ nes a size

of each packet and an application of the packet. 3. The el ectronic device
of claim 2, &urt Hemethodger sshedplingdxanerissien ovérat widelessrlmkneampyisangier

information bits a. packet, may. .be schedul ed. i n singl e transy ssion
period or rmulti pl‘féIePPHﬁ%%ﬁvgitPgﬁ}ﬁpl&ﬁr@a 0 glése(gr E\R?Sﬁetln?ﬂ e cﬁh%(ﬁlﬁeé{nlpﬁi nts of
an appl i cat isgigldfradshissmiesibd of multiie GhReiishdt seriddyima@ of claim 1, wherein

the transm ssion resources conprise a plurality of OFDM synbols. 5. The
el ectroni c devi ceachidulingfransmissigre ouerihe wireleshlidls dasediin pag pperevhetber alyur ed

to allowtr 1.5 i.af i tal i . - jan. multiple
transm ssi onsanraucbls e ok AP 80N B, b BB Fdabe M e
packet pr evanildpkuthshissios pessdson. 6. The el ectronic device of claiml,
wherein each transm ssion period of the single or multiple transm ssion
peri ods conprises a hop period.7. The electronic device of claim1, wherein
each transmgssi onryaehdinsh O c14iRes, ik oRbriSHk HaBhEntinoAhe Phakdt Miforts" i 0ds
conprises a franme. 8. A nethod for scheduling transmssion over a wreless
| i nk, conpridetempiningt er m ni ng whether all information bits of a packet may
be scheduled in a single transm ssion period or multiple transm ssion
peri ods; and

10. The method of claim 8, further comprising, if all of the information bits cannot

be scheduled, determining latency constraints and/or transmission constraints of the

application of the packet.

11.  The method of claim 10, further comprising, if there are latency constraints
and/or transmission constraints, assigning additional resources to schedule transmission

of all information bits in the single transmission period.

12. The method of claim 10, further comprising, if there are no latency constraints
and/or transmission constraints for the packet, scheduling transmission for the

information of the packet in the multiple transmission periods

13.  The method of claim 8, wherein determining comprises determining whether all
information for a plurality of packets ay be scheduled in the single transmission period
or multiple transmission periods and wherein scheduling comprises scheduling those
packets that may be scheduled in the single transmission period and determining for
those packets for which all information cannot be scheduled in the single transmission
period, latency constraints and/or transmission constraints of the application of the

packets.



schedul i ng transm ssion, over the wireless link, based in part upon whet her
all information bits of the packet may be scheduled in a single
transm sswono@areed or nultiple transm ssion periods. 9pCcThs2emsikssds of
claim8, further conprising fragnenting the packet prior to determ ning.
10. The method of claim8, further conpril8ing, if all of the information
bits cannot be schedul ed, determ ning |atency constraints and/ or
transm ssion constraints of the application of the packet. 11. The net hod
of cl ai m 10,14 ur tFhermetbogpof daing8, wHerdih each teamsmiissioaneyiod ofithersmigid ¢ and/ or
transm ssion con;trai nts, assigning additional resources to schedul e

I

transni ssi oIl transmssioRPETIRYS QomihLises 2 ReRPaLiodgl ¢ transni ssi on period. 12.

The net hod of claim 10, further conprising, if there are no | atency
constraints and/or transm ssion constraints for the packet, scheduling
transm ssi on5t or Theen¢theédehadaimo®, wifereih eaqhatdnemissiontpedodof thepingle oransmi ssi on

periods 13. T thod.of claim@8, wherein determ ning conprises
determ ni ng Iaﬂgi)ﬁgtfanarmsmiompgwﬁqog}pnrsgsra aIBF'uraI ity of packets ay be
scheduled in the single transm ssion period or nultiple transm ssion

peri ods and wherein scheduling conprises scheduling those packets that may
be schedul ed6 n thaethaddorschedifng teanpmission overp wWHeles ik AOTAPAENS or t hose

packets for whi C%c@édu]lig?ftr%{ﬂtsiié?& o%@ﬂﬂ?%vi}%?eé? BRHE VPl it .to*f‘i‘nféhﬂﬂ{o% bits

transm ssion perio ency constraints and/ or ‘transm ssi on constrail nts of
t he appl i catofarplmhlityhd paelakseing sidgle fresmisdidroperoid; cl ai m 8, wherei n each

conpr1 Ses. & nop. RTINS Al iR@ratn B ealh 6 the BFAUERLhAFkBA LR been
transm ssi OrkcH&fdlm]?gfhet&hiagléfﬁﬂﬁhﬁssﬁfn poiblli flge transm ssion periods

conprises a frane. method for scheduling transm ssion over a wreless
| i nk, conpri si ng:if ait h&thelinfeymatroarfserm sadhoof thepluralithef packess besndtbaén  of a

plurality of informatjon.bits of .a.plurali f._packe in a single
Pr anan sui orrhaiRiBt hindld fr i aon thih feieREROE Bl Bnthts e
plurality ofanaaskehsmiision beREamed e tHosepdcRbts ftxewBich @bteall ¢faNe fHfsraiagibn per i 0d;

and
has been scheduled.

17.  The method of claim 16, further comprising fragmenting the packet prior to

determining.

18.  The method of claim 16, further comprising, if there are latency constraints
and/or transmission constraints for any packet, assigning additional resources to
schedule transmission of all information bits in the single transmission period for that

packet.

19.  The method of claim 16, further comprising, if there are no latency constraints
and/or transmission constraints, scheduling transmission of all information bits for those

packets in the multiple transmission periods.

20.  The method of claim 16, wherein each transmission period of the single or

multiple transmission periods comprises a hop period.

21.  The method of claim 16, wherein each transmission period of the single or

multiple transmission periods comprises a frame.



if all of the information fromeach of the plurality of packets has not
been schedul ed for the single transm ssion period, then determ ning |atency
constrai nve 2aswb1eq05t ransm ssi on constraints for those pachkatssodsoessshi ch not
all of the information has been scheduled. 17. The nethod of claim 16,
further conprising fragnenting the packelprior to deternmining. 18. The

nmet hod of claim 16, further .conprising, if there are | atency constraints
and/ or transm ssion constraints for any packet, assigning additional

resour ces t @2schedhdppatatusitiatifadiinates aéhedhiling inf owirelessaondmirscationt he si ngl e
transm ssi on gerlod for that packet. 19. The nmethod of claim 16, further
conpri si ng, SPYUIRURENL COMPTISME] at ency constraints and/ or transnission
constraints, scheduhddier iR SHUSRE forHatiBh bbtamearﬂmﬁ amlc%&gpafcﬁéts tgrose
packets in the nul tiple transm ssion peri ods. . The neth of claim 16,
wher ei n eaclharmghresdwreéspanderi od of the singl e or rruI tiple transm ssion

[ anam ssi on per daBR wRGwE pevigeat Frap s shinRlelimfmpliR s o

conpri ses aphékandanfoaidiPasadiated witdtthd aplicatichipskashedul ing in a
Wi rel ess conmmuni cati on environment, conprising: a scheduler that schedul es

i nformati on obtai ned from appli catl on packets to channel resources; and a

hybrid intenkace i tlonfrom
the packet s Znd. /e apRabEY b2 L ik e BIERGIMRTE o LNEEER. | ©2

The appar at mamber ef Htsrin #i2, applieatonpatiee | nf or mati on conprises a renai n| ng
nunber of bits in the application packet. 24. The apparatus of claim 22,
wherein the information conprises a tinmestanp of the application packet.

25. The appayat usgfy ﬁz{rﬁ‘ﬂuﬁrbt?aam’{‘@?rvﬂle’?elﬁlﬂﬁe RIS PEorRiHsRE Qhﬂf'éta Gl |
information from eacg t he application packets has been scheduled for a
singl e translmamillgathme)apb@! and if all of the information from each of the
application packets has not been schedul ed

25.  The apparatus of claim 22, wherein the scheduler determines if all information
from each of the application packets has been scheduled for a single transmission period
and if all of the information from each of the application packets has not been scheduled
for the single transmission period, then determining latency constraints and/or
transmission constraints for those packets for which not all of the information has been
scheduled.

26.  The apparatus of claim 22, wherein the scheduler, if there are latency constraints
and/or transmission constraints for any application packet, assigns additional resources
to schedule transmission of all information bits in the single transmission period for that

application packet.

27.  The apparatus of claim 22, wherein the scheduler, if there are no latency
constraints and/or transmission constraints, schedules transmission of all information

bits for the application packet in multiple transmission periods.

28.  An electronic device comprising:
a memory that stores a plurality of packets for a user including information to be
transmitted over a wireless link, each of the plurality of packets comprising a plurality

of bits; and



for the single transm ssion period, then determning |latency constraints
and/ or transm ssion constraints for those packets for which not all of the
i nf or mat iwo 20@1bmen schedul ed. 26. The apparatus of cl acmR2posk@sei n t he
scheduler, if there are latency constraints and/or transm ssion constraints
for any application packet, assigns addiXional resources to schedul e
transm ssion of all information bits in the single transm ssion period for
that application packet. 27. The apparatus of claim 22, wherein the
scheduler, if thaepmceuser conpledtvaiticthe aensiry, ahepocessdf amfigned sorfregment the

constraints hed tra ssion of all infaormation bits for .the

appl i cati onplﬂﬁ’@%? I?aﬁls( %ﬂ%@% agepRe é’?l“&ﬁ%msﬁgn TERAUIEPS 41 oni ¢
devi ce COMfrirshii@ionfovdR AWi1ds bk, 36 HelRePoRbdigdd 4 mu%erra@%eﬁlﬁaﬁ@rofa user
including information to be transmtted over a wirel ess |ink, each of the

plurality ofmfogrmeakienbitgonprising a plurality of bits; anda processor coupl ed
with the nenory, the processor configured to fragrrent the plurality of
packets and to determ ne an assignnment of transm ssion resources, for
transm ssi 029.0veThdeledtidplicdeside dTklaih @8} hethesemirasach hyeid iatepfdeder of the
plurality of information bits. 29. The_ el ectronic device of claim 28,
further confRieEInGS numbsr PEiPRMAton bis Hetach proketbeing faswented. i nf or mat i on
bits in each packet being fragnmented. 30. The el ectronic device of claim
28, further conprising a scheduler that determ nes whether to attenpt to
schedul e adsi.t i ofild elbcrtmmimdeszs‘adecnf ciatm@8r furthet omrsingseschbhdeadhbtat ency

constraints_ of an a i cation of ac r which not all of_ the
1 o mat § ondBFREnT A HPRRE 4 SRS da PNETR O LR enPNSRTSOMRS Pahs BT 31

The el ectr opjsed ﬁ?éﬂc?%oﬁ’é‘traﬁit@bf‘dn%phw%h%f T%chkkf RPWHichSHoR Bl bERRUT CES
conprise a pluralit OFDM synbol s. e electronic device of claim

30, wherei nmtfcbrmatlm}lggﬁh@@b@nn s@@éulp@gsa smglpltnagsmasmmpexmh od. 33. The
el ectroni c device of claim30, wherein the transm ssion resources conprise
a frame.

31.  The electronic device of claim 30, wherein the transmission resources comprise

a plurality of OFDM symbols.

32.  The electronic device of claim 30, wherein the transmission resources comprise

a hop period.

33.  The electronic device of claim 30, wherein the transmission resources comprise

a frame.

34.  The electronic device of claim 28, wherein the processor is further configured to
allow transmission of the information bits from a packet in multiple transmission period

unless a latency constraint of the application of the packet prevents such transmission.

35. A method for scheduling transmission over a wireless link, comprising:
determining a number of information bits of a plurality of packets to be
transmitted over the wireless link for a user; and
scheduling transmission resources for the user based in part upon the number of

information bits.



34. The el ectronic device of claim28, wherein the processor is further
configured to allow transm ssion of the information bits froma packet in
mul ti pl e woansmiis@son period unl ess a | atency constrai niecofustés/oagspé i cati on
of the packet prevents such transm ssion. 35. A nethod for scheduling
transmission over a wireless link, conpflsing: determning a nunber of
information bits of a plurality of packets to be transmtted over the
wireless link for a user; and scheduling transm ssion resources for the
user based 360 parbe nufibsd dhdainlBe) Gilirthet comprising fragmentidgthSpluralingofpickerd of
claim 33, further conprising fragnmenting the plurality of packets prior to
det er mi ni n@riogto deferpuRBEHod of claim 33, further conprising, if all of the
information bits for the plurality of packets cannot be scheduled in a
single transm ssion period, determning |atency constraints and/or

t ransmi ssi &1. corfdemadthodofflaitthds, dipgtier campusingfif &l phthk atfofnpationtbits ionthe al |

of the infor ion bits na e sgch l.ed..38. The.net hod qf,clai.m 35,
urther  comBALY Y parkets fahe B sghedhied B SHe Fram PO EPG SEFRHERE 051 on
const r ai nt YateAsSdofbiriifts Ao} traRdlisdi RSQIREEAfts 0P tiecdppHEdtRnlof aPaekes sdron f or
the user in the single transm ssion period. 39. The nethod of claim 35,

further comph¢lsnefgll dfithe indormatipe bifpmaybe pehgdeledst rai nts and/ or transmi ssion
constraints for the packet, scheduling transm ssion for the infornmation of
the packet in the nmultiple transm ssion periods.

38.  The method of claim 35, further comprising, if there are latency constraints

and/or transmission constraints, assigning additional resources to schedule transmission

for the user in the single transmission period.

39.  The method of claim 35, further comprising, if there are no latency constraints
and/or transmission constraints for the packet, scheduling transmission for the

information of the packet in the multiple transmission periods.



