051170 1 EFFICI ENT PARTI TI ONI NG OF CONTROL AND DATA FI ELDS CROSS- REFERENCE
TO RELATED APPLI CATI ONS [0001] This application clains the benefit of U S
Provi sional Application Serial No. 60/737,688, filed Novenber 16, 2005,
entitled "PARTI TIONI NG OF CONTROL AND DATA FIELDS," the entirety of which
is incorporated fgrmin by reference. BACKGROUND 1. Field [00021 The
foll ow ng description relates generally to cpmunication systens and,
anongst other things, to comunication in a nmulti-hop wireless network. 11.
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communi cation or transm ssion is transferred t hrough a nunber of wreless
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resources and to acknow edge transm ssions. This problemcan be accentuated
when used in nmulti -hop W rel ess networks. SUMMARY [0005] The foll ow ng

presents a sinpliffiedg mq in order to provide a basic understanding of
some aspects of the d| sc osed enbodi nents. This sunmary is not an 051170
{0003] Wireless communication networks are utilized to communicate

information regardless of where a user may be located (e.g., inside or outside) and
regardless of whether the user is mobile or stationary. Generally, wireless
communication networks are established through a mobile device communicating with a
base station or access point. The access point covers a geographic range or cell and, as
a mobile device is operated, the mobile device may be moved in and out of these
geographic cells. To achieve virtuaily uninterrupted communication, the mobile device
is assigned resources of the cell it has entered and is de-assigned resources of the cell it
has exited.

[0004] In a multi-hop topology, a communication or transmission is transferred
through a number of wireless hops or segments to an access point with a wired
connection to a public (e.g., Internet) or private network. Overall latency is one of
several issues that should be considered for the entire communication path (e.g., froma
source to a destination}, not just during an immediate hop. A control field placed in a
single location at the start of a slot may increase delays when the contro! field is used to
request and/or grant resources and to acknowledge transmissions. This problem can be

accentuated when used in muiti-hop wireless networks.

SUMMARY
[0005] The following presents a simplified summary in order 1o provide a basic

understanding of some aspects of the disclosed embodiments. This summary 1s not an



2 extensive overview and is intended to neither identify key or critical

el ements nor delineate the scope of such enbodinents. Its sole purpose is
to present sonme concepts of the described enbodinments in a sinplified form
asya prelude to the nore detailed description that is presented |ater.
[0006] In accord@ange With one or nore enbodi ments and correspondi ng

di scl osure thereof, various aspects are desgribed in connection with
partitioning of control and data fields within a frane. Proper partitioning

of control and d tant 1 SAs Ul ni num
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wthin a frame Qf.{ g&;@at,ghé%@dq%pn based in part on the determned tine
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i ncluded in the apparatus can be a sl ot placenent nodul e that determ nes
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another aspect of processing is the time available for the scheduler to determine which

transmitter should be granted resources and how many resources should be granted. A
split control field approach provides additional flexibility in allowing as much time for
scheduling as possible without increasing the frame or slot duration.

[0008] In accordance with some embodiments, an apparatus for data
communication is provided. The apparatus can include a time partition module that
determines a time partition between an encoding time and a decoding time. Also
included in the apparatus can be a slot placement module that determines placement of
the control field within a frame. In some embodiments, the apparatus can also include
an implicit request monitor that monitors an ACK/NACK field from a sending node and
considers the ACK/NACK field as a request for resources.

[0009] Some embodiments include a computer readable medium embodying a
method for data communication. The method includes establishing a partition of time
between an encoding time and a decoding time and placing at Jeast a portion of the
control field at a selective location of a data frame to achieve the established time

partition between the encoding time and the decoding time.



partition between the encoding tinme and the decoding tinme. 1 , 051170 3
[0010] In accordance with some enbodinents is a processor that executes
instructions for data comuni cation. The processor can be configured to
select a tine division between an encoding tine and a decoding tinme and

pl ace a control gfjpel d wthin a frame of a data transm ssion based in part
on the selected tine division. 100111 I n acgordance with sonme enbodi nents is
an apparatus that includes a neans for ascertaining an encoding tine and a
decoding tine di on a {: - j hin a
frame based in I;[)()é‘tjr t6 1 on t@ ag%dg%a?'t@ g?”ﬁ%gé"“d% g‘ﬁ@déﬁg%gfs\%@g%&g%oﬁieﬂag%\%g\gkgng time
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equi val ents. BRI EF Fig: 1 isa
representation @ﬁtlcapaﬁqrbfmqum,;ﬁnd@mm fﬂaﬂt@dmgysn@é?fﬁandusatgdm 48kcas ani th t he
vari ous enbodi nent ed herein. [0014] Fig. 2 illustrates a systemfor
comuni cating i HPB‘? F?"(:?F‘l‘ PhEPti - hop  comuni cation system [00151 Fig-

3 illustrates apggipr enbmlthmcﬁonqﬂlsmn&axsrmmfdr@gm.sgeé;ﬂ%lm&byds P& driidroni ng
control and data fields of a data transni ssi on. Fig. 4 illustrates a
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detail certain illustrative aspects and are indicative of but a few of the various ways in

which the principles of the embodiments 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 embodiments are

intended to include all such aspects and their equivalents,

BRIEF DESCRIPTION OF THE DRAWINGS
[0013] Fig. 1 is a representation of a multi-hop communication system in
accordance with the various embodiments disclosed herein.
[0014] Fig. 2 illustrates a system for communicating information in a multi-hop
communication systern.
[0015] Fig. 3 illustrates another embodiment of a system for selectively
partitioning control and data fields of a data transmission.
[0016] Fig. 4 illustrates a transmission and reception timeline.
[0017} Fig. 5 illustrates placement of a control field in accordance with the one
or more embodiments disclosed herein.
[0018] Fig. 6 illustrates a split placement of a control filed in accordance with

the various embodiments.



[00181 Fig. 6 illustrates a split placenent of a control filed in accordance
with* the various enbodi nents. 051170 4 [0019] Fig. 7 illustrates a flow

di agram of a nethodol ogy for selectively partitioning data and control
fields. [0020] Fig. 8 illustrates a flow di agram of a mnet hodol ogy for

sel ectively posbirs{}'gé)ni ng a control filed in a single |ocation placenent.
[0021] Fig. 9 il rates a fl ow di agram of ,a desi gn net hodol ogy for
utilizing a split placenment control field flor a data comrunication. [0022]
Fig. 10 illust ra[b‘g&s9 a sys%_em t hat coordi nates conmuni cati on bet ween

mul tiple comunitt®Pon pr bttoédlustrates afiqy fepresofagnetiedolesyifenselsativebnnent in
accordance W t h QRRioAne Mhan@ RO T8RS presented herein. [0023] Fig. 11
illustrates a systemt ﬁat coordi nates conmuni cation in wreless

communi cat i on eld(92Wnnent Fign8 dbsoatcemBew diagtamvefra etbodidgpydosselek082¢] Fig. 12
illustrates a wirel.ess cq Leation environnent that can be enployed in
conj unction wit }P"f'hggl\'}%f»‘F%‘H@’%&gﬂ%ﬁg‘“g‘ﬁ#‘ﬁﬂ?ﬁﬂ%@"ﬁ&cri bed herein. [0025]
Fig. 13 illustrgogxtla sysrpn finkuaed £O6W YRk PGt dekish RelibdeRpY fRluiRAl dat a
fields of a data fransmission in a nmulti-hop wreless comunication network.
DETAI LED DESCRI PPIigNaqemenigonivelfiel for a g gpmeynisatigine now descri bed with
reference Lot Nqoifwi NISkig |l fudsoldy QWi U5SAMLRL L BRmulioli RULRASES Of
expl anation, numerous specific details-are set for In order to provide a
t hor ough under straltplageromuningionrprotocads aspeactiass commnaigatm eneivorohemt in however ,

t hat such enbodi rren{:‘éns%( g&}l? be rEracti cgd vvithout%éhes_e specific details. In
ot her i nst ances,* &Mk FURATESPTHE GFPLdigshts REFUedhes B shown in bl ock

di agram formin [gezhgr to ERCli ilhatResdRTGEMIBAGodBRGRs EsRATHiBRIh $n WiPRZ7] As
used in this application, the ternms "conponent," "nodule," "system" and
the |ike are i ntC@REBEICAEOT @vEpnent i eopfdance i helagpescpspents.-t y, ei t her

hardware, fir a coqh I f f f re, or
software in ex g\é@?fﬁgn. Fg)@" g%lkﬁ%&é% aa\plg%%p@g{’{grr?tﬂ H’?f%f/{’%beg%%rﬁ?en?gw{no b?i mted
to bei ng, a procegdoyedimionginotionewitipthe veser kystempandanabals desshbabheegn., an

executable, a't of execufion, a program _and/or a.conputer. By way of
illustration, bgﬁﬁﬁin appf & lilﬂﬁrqlﬁrﬁﬁyﬁgmgﬁr %EBE%YFHJPQW@OHI%H“E%I aé‘ﬁ(ﬂ‘a‘f’he
conputing devi Ceiefddbf RQad taRFRANE T a FA16-h8p witeleSs SAMRARRERLS n&@Brk.

DETAILED DESCRIPTION
[0026] Various embodiments are now described with reference to the drawings.
In the following description, for purposes of explanation, numerous specific details are
set forth in order to provide a thorough understanding of one or more aspects. It may be
evident, however, that such embodiment(s) may be practiced without these specific
details. In other instances, well-known structures and devices are shown in block

diagram form in order to facilitate describing these embodiments.

s I ik

[0027] As used in this application, the terms “component,” “module,” “system,”
and the like are intended to refer to a computer-related entity, either hardware,
firmware, a combination of hardware and software, software, or software in execution,.
For example, a component may be, but is not limited to being, a process running on a
processor, a processor, an object, an executable, a thread of execution, a program,
and/or a computer. By way of illustration, both an application running on a computing
device and the computing device can be a component. One or more components can
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. In addition, these

components can execute from various computer readable media having various data



reside within a process and/or thread of execution and a conmponent may be
| ocali zed on one conputer and/or distributed between two or nore conputers.
In addition, these conponents can execute from various conputer readable
medi a having various data 051170 5 structures stored thereon. The
conponents may communi cate by way of |ocal and/or renpote processes such as
i n accordance a%r_lp a signal having one or nore data packets (e.g., data
from one conponent interacting with another conponent in a |ocal system
distributed system and/or across a network such as the Internet with other
systens by way of the sjgnal)._(0028] Furthernore, various enbodi nents are
descri bed her e?"ﬁ"’i“FFSéEﬂ‘ﬁ?e‘g?rF@h Thy comppanenisgpayampwicaie cwsy efdosal andlam ol so
be called a Sygif R précc3dd sihiB& acdBldbnce WithSGEdaPRAvirit dHeiof Thord @i %&k@ﬁ ation,
nmobi | e devi ce, rermte station, access point, oase station, renote termnal,
access term nates.Wkiadtoss enc compionetit intéracidigetith dnotier camenertt ér monallsystemer ni nal |
user agent, A_user devi ce ar tel ephone, a
cordl ess tel ep‘ﬁlélﬁ' me‘g%ﬁl’sﬁg@{oﬁ KT gflftgr?rﬁu(gt‘ 5?:@&%@“%‘“5}1%% SY%{CW ¥l ess

| ocal loop (Whyofshatipgam. a PDA, a handhel d device having w reI ess
connection capablllty, or other processing device(s) connected to a

wirel ess nmodent0088l029] NiyrtBeSre. varigus stbodisals pE dsperibed herpiadn gRIEstiMed
herein may be .jnplemapied ﬁﬁs&ﬁ@ﬁ&mq’als%%ﬁl%% &4, ﬂuﬁak&i})ﬁ r @i, Menufacture
usi ng standard progranm ng and/ or engi neering tegfml gues e térm"article
of manuf act ur edubagibasgadionhmpiiastiton] mola'hdbdice,cremmwmpamscta:ss:mubsse pr ogr am

ble f ter- dabl
xanpl e, compuBIOn B Ros S S Sl Bidst: Rt .

nmagneti c st or agan@al beeseeh€ ofuser B@fisnéhit S, uséd déIOiQ}s! cﬁh &ka celfBENRlepRone, a
strips...), optical disks (e.g., conpact dlské gi tal versatile disk
(DVD). ..), srrawrdletsa?la@wnamﬁeﬁar@zsmrmﬁbPwttaf@i/( h@ee @Wlfeé%%ﬁhxals‘f’@rtk key
drive...). [ 00 V u of systens
that ey i nol LALLAecR: SpBA MO hauhh PEABTILARA G 1% O b
under st ood andothanpo@es:m@mcbhatoﬁnhaedlmm\aueaessym:tdems may i ncl ude add| tional
conponents, S and/ or, not includ f the conponents,
modul e etc. g’%@sed i ‘éIBﬂY‘Fé'c"PFB‘I‘f <hs orifeptorey rét? ?‘ﬂeﬂ‘dﬂﬂ Bfati on of
these approaChﬁ%léfﬁ%téia%Q TR hardh A0l of i -0 il | ed

description, various aspects and enbodi ments may be described in the
context of Ti npropragingingandireneiveqringimychnighes. dhe igsme artiglectimhapafacture” as used

herein is intended to encompass a computer program accessible from any computer-

readable device, carrier, or media. For example, computer readable media can include
but are not limited to magnetic storage devices (e.g., hard disk, floppy disk, magnetic
strips...), optical disks (e.g., compact disk (CD), digital versatile disk (DVD)...), smart
cards, and flash memory devices (e.g., card, stick, key drive...).

10030] Various embodiments will be presented in terms of systems that may
include a number of components, modules, and the like. It is to be understood and
appreciated that the various systems may include additional components, modules, etc.
and/or may not include all of the components, module efc. discussed in connection with
the figures. A combination of these approaches may also be used.

[0031] In the following detailed description, various aspects and embodiments
may be described in the context of Time Division Duplex (TDD). While these inventive
aspects may be well suited for use with the disclosed embodiments, those skilled in the
art will readily appreciate that these inventive aspects are likewise applicable for use in
various other systems. Accordingly, any reference to TDD is intended only to illustrate
the inventive aspects, with the understanding that such inventive aspects have a wide

range of applications.




aspects may be well suited for use wth the disclosed enbodi nents, those

skilled in the art will readily appreciate that these inventive aspects are
| i kewi se applicable for use in various other systens. Accordingly, any
reference to TDD is intended only to illustrate the inventive aspects, with

t he under st andi g, kat such inventive aspects have a wide range of
applications. 051170 6 [0032] Wth referenge now to the drawings, Fig. 1 is
a representation of a multi- hop comunication system 100 in accordance with
t he various enbgghprnts diysal h I h, SSpR0j Nt. nodes. 102 . 104, 106,
108, 110, and 1cli§b§'§e conlr\@glrg%?%ge5&‘{}%%’9@%@%&%#hs’aare]f’rresecé“al%f’%gfamum'
configuration. A®picbinnshicati@cystamnd®d sn geonbnckGAtnhay virtous Bmbodilngnts distleskd

access point and may be wired to t Internet, for exanple. However, any or
all of the ot hg’rﬁ'ﬂé‘{c‘g%sW'ﬁtng‘?‘?fdgiﬂ_ﬁ’ 198 149, 1and 1 Ippre semnerted i al s 114,

116, 118, and 12Q1&9 rut%tm(e%ﬁftgumibﬁdA@ﬂﬁ@ﬁﬁe&%&ss’tgﬁn@ MG b Sarp! €

hops (e.g., access nodes 104-112), if necessary. Aforward |ink is

est abl i shed whernwidraseesa poasadmmyderoted to thictlhgtnes foenmmpliec Howereri mtyendidd f or

an access termnal, 114-120, A.re link is ,establishe or .nore
access terninal soqiwﬁtﬁ}ef@cﬁeﬁ% 'SR XG%?@OWE‘? ‘gﬁ?cil‘o‘sccefsﬁ?@ﬁﬂégﬁl\‘\f%?l%q?%dmgccess
point 102. It shoolcdmbnicnderigtwiad dbat néde 2t hroB@PmulipR! HRES (e. 41 &k¥ds Kodeoul d
have nore or fewer hops than those shown and described and that different

access terninal st0ftehjZhdvscepsaty 1 pdprred Fels eptallsherbyshen winghuress aodend2
fol | owi ng_det ai | desshhRliLAfn ifedioP iR LeBehhink®l 199967 WigthruiIiel N @
recei ver schedul'es data transm ssion based on recer vi ng requests froma
transmtter. Foresabbshedvhexpicanatdroagcessttersinoad Hl doE0asitiawrdomnamnicatierode coul d
not transmt and receive ai the sape. fine. addi tion, for | anati on
pur poses, a col dPf ‘gﬁde%lg'b‘ﬁ‘é 308?55E?WT%J_{%OP{"%&“&?‘EIBPJ@Q’@H’ Wﬂlz'r)f'&pﬁ”léqt"isér nat e
nodes are col or egnsrk towie Biveym@8 dr felveRopsShahi tHdsd @Bbw il desiribe@end e sl ots.
A node transmts on a tine slot corresponding to its color and listens
during time sl otdffeentaeerss teppingls mayhavepdiffetenbeunhesef Rapsod that a variety
of other strategi can b iel i Al S 11 . t hat
color is nerel %ﬁ%ll i zed?'}]@%é(:’llr]@%&eg?%%??%?% %Eg?(?s é{éﬁ\gg%%ﬁl ?zi ng a
t wo- col or st r at eghereiaecessenatellct@dtaarndsiOSoaded o receiaing reqbéds frdh&, and
120 are one color, for anpl e .green.. W.red cess nqode 102, access nodes
108, 110, and. 1 0B B AR CHARAPE TOUASR 4 DBRG R B e BB exampi e,
[ﬁd' Thus, | t her@andhg aR@reeONORGHEGRAARS ThRAddiNen, FoRRplah@lonPuhok@Ps &s6riged by
e sanme color in

scheme or strategy will be discussed wherein alternate nodes are colored differently and

time is divided into colored time slots. A node transmits on a time slot corresponding to
its color and listens during time slots of other colors. It should be understood that a
variety of other strategies can be utilized to distinguish alternate nodes and that color is
merely utilized herein for simplicity purposes.

[0034) Utilizing a two-color strategy, access nodes 104 and 106 and terminals
116, 118, and 120 are one color, for example green. Wired access node 102, access
nodes 108, 110, and 112, and terminal 114 are a second color such as, for example, red.
Thus, there are no connected nodes in the tree that are represented by the same color in
this scheme.

[0035]) In a receiver-based scheduling system, transmission should be permitted
only between opposite colors. In this setup, the nodes are synchronized and time slots
are of fixed duration, alternating between the two colors. Each time slot can be broken
up into control and data portions. In a time slot corresponding to its color, the
transmitter sends a request to the receiver asking for resources. In a subsequent time

slot of the opposite color, the receiver determines which user(s) should transmit and on
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this schenme. 100351 In a receiver-based scheduling system transm ssion
should be permtted only between opposite colors. In this setup, the nodes
are synchroni zed and tine slots are of fixed duration, alternating between
the two colors. Each time slot can be broken wup into control and data
portions. In a -HE sl ot corresponding to its color, the transmtter sends a
request to the receiver asking for resources. In a subsequent tine slot of
t he opposite color, the receiver determ nes which user(s) should transmt
and on 051170 7 mhat resour ces s typ |call¥ referred to as

schedul i ng). | nWh4iZespwges ({ﬂ?‘?’r’é'sﬁséifp‘ca by F%ﬁ"s‘?ﬂ torag pehedpling)-r ldhs e tme gRANT send
data to the reciné@iuckd e rbé}I\IeHra'GMNT sSRIhAD m&@k&@%ﬁ@mmwﬁ % af! 2
negat i ve- acknow edgnment (NACK) to the transmtter, depending et her
such recei ver wepkneisledgment ﬁ‘é@ﬁh@amaw@kwls@mdny(mcmw Lh¢ traltsmmer
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[0036] Data tr agsbodasém it Wakshid s h @ sﬂc@mayarpamt Gﬁrﬁrﬂﬁptb@éédtt@thahhﬂ\ﬂoR
selective partitioning of control and data fields within a frame. Suc

partitioning catftehitdgs bren spesasbtlly degded €9 therugraptdoPr ansni ssi ons whil e
all ow ng sufficy proc T

sel ective parti {@gén ng cgﬂa@‘g’é‘t”%ﬁﬁf”‘g{é"ﬁa@?‘ rt'3 agmb? f b E%%ﬁéhﬁd;??ﬁc%fﬁcﬁveda
transm ssion w pdmmmm@ﬁwmg)ltandréatdépldmmthg admnch SuphpatiBomngcangseads at ed
with the data trg S|on Bjuch ararretg fan in I.ude an avallabfp

schedul i ng ti ne %ﬂcp’é{bii Si0gS Pw 2lloyn e SN PISH PLOS SNEHMOIOL By at i on
time (al so ref@.artmﬂnsmsms ETHCdieB@vel fafRionindReh Blso fRVAN S tfaBedIEbdRamged such
as first transmit end to retransmt start rl?lf t he acket i s not

acknow edged ( NAERgY in datsgrageniasion with recessingrimadenpndingep the parasmeteHop transnit
start, or neede / L . cessi ng
and signaling W&E%&%%%gggﬁﬁg@%er ces%l{cﬂ?g%%je%%iqg "‘;‘?j‘fﬂ?‘l‘l‘&g‘%‘@g?es a
system 200 for sbednling o) alga\rlaﬂlthhercﬂmbahogmmﬂ @ avuildbile paclop pmqmamjm @t (Do

system System 2 rlse a.wyrel rk 202, simlar to wre|ess
oo o 100 escrieet b srestedurel Ml e nE e S s sl b
206. Al though f'étr@rbblfﬂ?ﬁs&ar%fﬁ]é paLkEd ltsh&raeﬁ.)mﬁafgeamzxcm)ehy@a&]@) whith ican be
included in wireless network 202, as wll be appreciated single

transmitter 204UTansat ond mras hep Eammilniagaen Wﬂd@aﬂf&ﬂ@ﬁiﬂ f:h:anael daddgd e
recel ver 206 i sodal[‘e}hga%r ﬁhl%gessﬁggﬁé' EI?‘,{E%% “S?tfh mcg u?lbltl:}'ces)-rr ansmtter 204

i ncl udes an enc nent
[0037] Fig. 2 illustrates a system 200 for commumcatmg information 1n a multi-

hop communication system. System 200 comprises a wireless network 202, similar to
wireless system 100 described above, that includes a transmitter 204 and receiver 206.
Although a number of transmitter(s) 204 and receiver(s) 206 can be included in wireless
network 202, as will be appreciated, a single transmitter 204 that transmits
communication data signals to a single receiver 206 is illustrated for purposes of
simplicity. Transmitter 204 includes an encoder component 208 that can modulate
and/or encode a data transmission in accordance with a suitable wireless communication
protocol (e.g., OFDM, OFDMA, CDMA, TDMA, GSM, HSDPA, ...), which signals
can then be transmitted to receiver 206. Encoder component 208 can be a channel
encoder that follows a source encoder, for example. The channel encoder can be based
on schemes such as a convolutional, Turbo or Low-Density Parity Check (LDPC)
encoding,

10038] Receiver 206 includes a decoder component 210 that can decode a
received data transmission. Upon successful decode of the data transmission, an

acknowledgment (ACK) component 212 can generate an acknowledgment that indicates



S S s R

and/ or encode a data transm ssion in accordance with a suitable wreless
conmuni cation protocol (e.g., OFDM OFDVA, CDVA, TDVA, GSM HSDPA, ...),

whi ch signals can then be transmtted to receiver 206- Encoder conponent
208 can be a channel encoder that follows a source encoder, for exanple.
The channel encggey, can be based on schenes such as a convol utional, Turbo
or Low Density Parity Check (LDPC) encoding. [0038] Receiver 206 includes a
decoder conponent 210 that can decode a received data transm ssion. Upon

successful deco an nm Ssi on, acknow e

conponent 212 cg"ﬁzcgsgwt(la?eg Og%ﬁh 8 §fw Smdsﬁn@nfvﬁichﬁ?“ ?ensﬁmctgg'ggsrﬁ’gi %Ké
successf ul decodﬁomf trﬁnh&ntdaalzm thaethe dats Srismissidd Wil réivedand @tbdéd) akd ansm tt er
204 to |nformtra‘£smtter 04 that. the data transm ssion was received and

decoded, and t HEFEPISIECd Tl Be Fropnisaitteht AGK srimpoRsat 2120 eBRIYMBNt 212 can
enpl oy an ackno%@%i@%gﬁlemsdnmqqyﬁ, doajuﬁamn%maxpﬁcmmcmr&% NACK protocol .
[ 0039] Acknow edgnent conponent can further transmt "a negative
acknow edgnent {MO38K) i f &ﬁ@nwlﬁdamemwmaomtﬁﬁswhLﬁlllrth;tetrm:kmbff neghigvedat a
transm ssi on. to the trans

transmtter 204 a@w&%w%'ﬁ(@e‘ﬂzﬁgﬁ'@ﬂﬂﬁ%%wsﬂé R %R/ﬁ%eS%FB{ &ef %@eqq%ea&é%l@"éwlsﬁl(‘i’?
successful |y deqaeBiAdK canaratmes thd@RnsnlieiS204 tb e irrlsMitted 004 Ganthé gt ansm t
the data transm ssiaon, or a portion thereof, if further conmunication of

such data is toYBESTpSIISHIsMObEFceipEandior pplsycqensfplixiegoded bydecsikee L0 Ol s
S o 2ah  WthenfAR 208 cEPRIAES. Lia ARIALITE: AR hERl, ATBRMY. 1 10 Tor
the data transm ssion € maj or processing mes or de

encodi ng, decodlcqgmuamuhcmciﬁenhlnldang)ttximnrdnsnmedforned by separate

o ocossi ng 1 il o' Gor SPRTROBCD HIre" AN CORBOHBREL: PAIS oF KB Edtay at o

conponents are @ekrmibé bl dptishl bdheaﬂﬁ@rf&an@eatmrhﬁmlﬂmemﬁb% Iﬁﬂﬂilﬁocekﬁﬁ)gu] I'n
accordance with sone enbodi nents, receiver 206 can send the data

transm ssi on t otgenaxdelave fes v@}co'élﬁ&tdemyné whedwhinglgan be perfergied by srpatie
Thi's process p L

transm ssion r eagrﬁg ﬁé%}”ﬁg&én@gg r ec?(g?ogﬁt f%ra 1981% Ogégaaﬂnﬁﬁ?kfb%ﬁg%g%A ma
want to send a ctiorraridcaihoad bpthhlealee B)mmmerbethflsa thvieer sxbpai'atc@:ompdmn@ard fiotso,

Node B general | %tiﬂe%q;% acrtlrggdanc C1»9'Eilsttlles% e&nrba 1?11rQntSsS| on to

[0041] In accordance with some embodiments, receiver 206 can send the data
transmission to a next receiver (not shown) following a similar process. This process
can be repeated through any number of hops until the data transmission reaches the
intended recipient.

[0042] For example, Node A may want to send a communication to Node B to
be forwarded to Node C. If so, Node B generally might not request a transmission to
Node C before Node B determines whether it has successfully received Node A’s
packet. However, in some situations, to reduce delay and, in particular, if it is known
with high probability that Node B will decode Node A’s packet successfully, Node B
can send a request to Node C before completing the decoding of the packet from Node
A, which is referred to as an anticipatory request. However, it should be understood
that anticipatory requests could result in wasted resources. Such wasted resources can
occur, for example, if Node C grants resources to Node B but Node B fails to
successfully decode the packet from Node A.

10043] Therefore, in accordance with some embodiments, receiver 206 can
listen for ACKs being sent out from a preceding terminal to avoid anticipatory requests

if a split placement contro} field is utilized. For example, transmitter 204 may have



Node C before Node B determ nes whether it has successfully received Node
A's packet. However, in sone situations, to reduce delay and, in
particular, if it is knowmm wth high probability that Node B will decode
Node'A' s packet successfully, Node B can send a request to Node C before
conpl eting the (dggpdi ng of the packet from Node A, which is referred to as
an anticipatory request. However, it shoul g be understood that anticipatory
requests could result in wasted resources. Such wasted resources can occur,
for exanple, i grant s resourc Node , B but de. B fajls 1o
successful |y dé%cggggfjﬁg GHCat hefﬁ’egmnﬂlo@%t Sﬁf’“’[‘)@UH%T‘"]SHQ?I\%t%‘rSé“mWi’?dé%é‘br dance
with some enbodbmesicseivérDei Tﬁfnsﬁﬁ@rQ@d’hhohld&é(ﬁi@stfréﬁoulﬁ%orh@thertﬁh@@éﬁmﬁlﬂt from

a preceding termnal to avoid anticipatory requests if a split placenent
control field .(eot&{l?w'r)é%éFndrt%feC@se%rrP&ﬁ@nlmf@hgmsw&r 20hhaspyccepduily dssadedo o

received data firomRRRLRA ‘i‘rof'nelflgbf?:@ll tel(n'ﬁ L (RAQHEWn). \f\%go};?@éﬂqlf SULR PRk es

intended to be sent to recelver ransmtter shou request
resour ces fromfoh&CKs ﬂmttraremmemam se@ldsoto thhather)termona €md shewm) gtben reediv?@66 onl y
after transmtter

ucg, ul.ly decode t he ransm n fromthe
ot her terninal @?18{’19 Bvbﬁ? %‘3@%1“1‘“ af"""r"&%g?%?ou%% YF@‘E%‘H@ & ACKs that
transnitter 204pgapds tOTbhﬁk@hB&Emhﬁaftf&]@@los(n%?bro%ﬁ@t%)aceﬁlé}fi‘ﬁnd’/&cel ver 206
can inplicitly use the ACK to infer a request resources by transmtter

204. (00441 To nagitenias @bt eemichbeldom Cé%lln%deamnawsrc@pwkmn@ prawd Nausand/ or
partitioning of..a GORLL O 11fnl=iﬁzlsﬁ ?lfﬁﬁ&%nhéd‘@ JET ré @éégor mgkgfé% Lihi

account various <criterra. The o I ne t can e per y one or nore
desi gn nodul es tRdGtwmorkthat usd the infiamat ok ta deaiide U&eippll’(bpnatﬂbtatﬁflﬁm[ aml/éro deci de

the appropriate placenept and/or rtjtioni how t h slot
e eGP decheuiiaen Farsaamphgad B sl e s g herEr e aing S BEn 1 nt o
consi deration. dekdifg thihd éMbeAaleR Ghtd donsilekaidAt OBRr SteriAMEINGE RRILAHNN (5fequest S,

| ower retransm ssion delay, etc. [0045] Exanples of control field paraneters

for different JoHepaerydedvespdpyeractiansigsaion dblaviesy a duration of two

| seconds. Augt ol MIANLOR AR it 4 SARDTSRAG, Andpidigh por i o

can be 0.01 m conds I"ac e starting
poi nt can be O.ffmdhaamgiacioranbn sf oo rhﬂlntgtdmds FArcomrtﬂmlhrahotﬁ tall 02 th a

eRESrrg: IéOTt L:ae:DI'E'éISQCe"&‘ %12'{5%*' 3 nhfﬂbab‘i(ﬁ)ghg’h}’%e?g‘? Sa iri} %%’Eﬁ]‘élloﬁ%“%s ed by the
receiver to makfacameRPIE @Eﬁﬁin@;p@mt @ﬁ%ﬁ) PrERURH B et Gor duplitifleyd witPh a
split field with a GRANT/ACK field, the
REQ/PILOT fieid, the starting pomt can be at the start of slot. For example, the PILOT
can be sent by the transmitter and could be used by the receiver to make an appropriate
GRANT based on the PILOT quality. For a split field with a GRANT/ACK field, the
starting point can be (.75 fraction of slot length.
[0046] Note that in the below table are examples of associated processing times
and delays for different schemes. The processing times and delays are in microseconds.
“Front” refers to single placement of the control field at the front of the slot. “Center”
refers to single placement location of the control field at the middle of the slot. “Split”
refers to split placement of the control field and “Single Loc/Off Center” refers to single
location placement. It should be understood that these times are for illustration

purposes and the disclosed embodiments are not limited to the times noted in the below

figure as many other times can be utilized.



starting point can be 0.75 fraction of slot |length. [0046] Note that in the
bel ow tabl e are exanpl es of associated processing tines and delays for

di fferent schenes. The processing tines and delays are in nmcroseconds.
"Front™ refers to single placement of the control field at the front of the
slot. "Center" ghgrs to single placenent |ocation of the control field at
the mddle of the slot. "Split" refers to ggplit placement of the control
field and "Single Loc/Of Center" refers to single |ocation placenent. It
shoul d be understood that these tines are for illustration purposes and the
di scl osed enbodinents are not linmted to the tines noted in the bel ow

figure as many |other tinmes can be utilized. | Abicdpdory REQAtioGGmmt or y REQ’ AUt o
Grant Front Center S“p-l—it Si-AreHe—Loecation— o f Caenter r\hnrhl!nn Ti

OrTgTC CUTTTT Ui o oo S oo oo

Available 1.81 {1.81 3.31 1.81 "Decoding" Tj KEXMvittHeN e SPhs 0519&1614054102“1
"Encodi ng" Ti msT Available 2.01 0.91 0.31 0.B1 Firpt Tx [End to| RebyscShart

6.24 2.02 2.02 2.02_Hop Delay: Tx End to Next Hop Tx Start 4. 23 4,03 4. 03
4.03 Interl aces?Cheduh@TmNeaheht 2 111 {Tab8ke 1 1.804]7]13.3th refé&Bénce tjo

Tabl e 1, the sun oce ag—t+Hres—be S
the same for the §ffl"f‘ T bll‘gnd the si ng"gi Yon/otk | cent&

pl acement. Depen n@ﬂin@ﬁnﬁ@fv@ﬁﬁﬂé on, the divigi n MV\BEUBIE ne encggyng tijne
and the decodi ime_can change for both designs! Thus| the division can|be

split unequally bet ween encodlng and decodj ng, unlike fthe center pl acement .
Typically dec Erw-e—rgﬂgﬂ—ﬁm—er ) Hores L thus—thesspHt
pl acenent and thér‘S rlr’hgpe o%g I'onl of f center pl ace t ozrl?jer adva%nges

over the cent er| piEDERENK HIRGENeR HSETx SlaRES 4281 per.gal] UA@H [Appr opos at el y.

[ 0048] One or re off-1ine design tasks modulles . 216 can iinclude a ti
partition nodul [dnenecesHHARQ &h Nsedadonf i gur ed| t & opt i rl ze| anl enicodi ngl
time/ decodi ng tTH W thirmastot—For—exanpte, T sSonme crrecunstances—a
decoding tine shoufdl be | onger than an encoding tinme while in other

circunstances there should be a | onger encoding
[0047] With reference to Table 1, the sum of the processing times between
encoding and decoding is the same for the split placement and the single location/off
center placement. Depending on the location, the division between the encoding time
and the decoding time can change for both designs. Thus, the division can be split
unequally between encoding and decoding, unlike the center placement. Typically
decoding times are longer than encoding times, thus the split piacement and the single
location/off center placement offer advantages over the center placement because the
times can be adjusted appropriately.
[0048] One or more off-line design tasks or modules 216 can include a time
partition module 218 that can be configured to optimize an encoding time/decoding time
within a slot. For example, in some circumstances a decoding time should be longer
than an encoding time while in other circumstances there should be a longer encoding
time. Time partition module 218 can determine the best portion of each slot to place the
control field.
[0049] In addition, a slot placement module 220 associated with the one or more
off-Tine design tasks or modules 216 can be configured to place the control field in the
optimal location within the slot to achieve a desirable encoding time/decoding time
tradeoff. In accordance with some embodiments, slot placement module 220 can also
be configured to partition a control field into two portions and place each portion at a

different location within the slot. For example, the single control field can be placed to



time. Tinme partition nodule 218 can determ ne the best portion of each sl ot
to place the control field, [0049] In addition, a slot placenent nodule 220
associated with the one or nore off-line design tasks or nodul es 216 can be
configured to place the control field in the optimal |ocation within the

sl ot to achi evepqg,gesirable encoding tineldecoding tine tradeoff. In
accordance with sone enbodi nents, slot plaggnment nodule 220 can also be
configured to partition a control field into two portions and place each

portion at a djff I iLthin th | ot, For, exanpl e, the | e
control field c{altlﬁ r@éﬁéﬁs?&%ﬁ%{rﬁ%@%’%ﬁé EITG SF%U dB‘? ioRget Shangn s c%dérrl’ﬁtérPe'iS];fﬂ%
decodi ng tine shaolidg hemelsbodgebe Iohger thm thedediing titieN ot pliceinb® m&Gadhng ti ne
shoul d be | onger, than the ge oding tine, slot placenment nodule can place
the control fiePgcgte coprol ‘Flfcl“b'ﬁ‘e?‘ﬁbo@h%ﬁlo‘&@ﬂ‘%r. [ 0050] The conbi ned | ength

of the two port'fal?@ shoulyhe REmBRBE R4 LR fleMwh Pertioch S LY &Ijap RFinshal the

REQUEST and a P can be placed in"one portion of the I'vi ded contr ol

field and a GRANTgheforasiC RIBCKESEande PPLQE eah herpladed imntrizegportiquarf tlieon of t he
di vi ded control ,fi | ac canp b med. by, the {t.i
partition nodul g&ggg?a?@?’ﬁ%ﬁgm&%? gﬁem%ﬂ]aﬁggﬁé&ﬁ(lcﬁgp? él?%eg 'ﬁhwgoﬁ:l%di ment

of a system 300péraon stthedivided kyntrad AEkd] Suck Piabéing® 6ir ) peatotnalidyahé ik ds of a

data transm ssion. System 300_.includes a wreless network 302, simlar to
the networks deBEHIHLACHYE EPhfUSEITR)R with the preceding figures. Network

302 is i1l ustraj@dii th auginghsaid: aRsbbdifkndd st 308 tQligvkRCei ver 306,

however, a plurality of transmtters and receivers can be enployeéed in
syst em 300. Tr apatfienieg ca@0dl andcdhiadells of a drle ddesmissnom dystam B08nahdes acan

d i ng. si di. | ati. h |. db
oneose, o0 0oL B RSER R TR PR MR L oy
decoder corrponeﬁntecsﬂl% fighfes. ARKAGRBOZIBTRISralcAGHh iti? 30£ a1 Oeipes at e

i

an acknow edgnent indicative of successfull|ly decoded data packets or |ayers
transmitted in foREVEigadiowsner & Blyralist ofitrnghiticsdrd SAFaE A b eaplpYedi i t t er

304. ACK conmpongnte 33cd. GRkhsHfs 564 ﬁlcﬁid&e«'ﬁlﬁ'li:é/d:cr aﬁﬁfﬂ?@w ﬁ?m&;ﬂ dn ) if

there was a problemin receiving the sig (e.g., a cyclic redundancy
check does not pugeihy sigidlsacordoigudednddnlatieceheme edPPyedbanetwtrs 302 .euckl4

Lt can e Con) LS S5 OB AR R P B or 16,

i ncl uded in acknowledgment (ACK) component 312 can generate an acknowledgment indicative of
successfully decoded data packets or layers transmitted in the signal and can return an
acknowledgment to transmitter 304. ACK component 312 can generate a negative
acknowledgment (NACK) if there was a problem in receiving the signal (e.g., a cyclic
redundancy check does not match). Also included in receiver 306 is a scheduler 314
that can be configured to determine a proper scheduling of a data communication.
[0052) In some embodiments, an implicit request monitor 316, included in
receiver 306 can be configured to monitor an ACK/NACK field from a sending node
{e.g., transmitter 304) and treat the ACK/NACK field as an implicit request for
resources Implicit request monitor 316 can be configured to monitor or listen for an
implicit request based on hearing an ACK sent by transmitter 304. If an ACK is
detected, receiver 306 can consider to ACK as an implicit request for resources. An
ACK sent by a node at a prior hop can be decoded by implicit request momitor 304 and
the decoded ACK utilized as an implicit request for resources by the node at the prior
hop. For example, there are three nodes (A, B, and C) and A wants to send data to C
through B. First B should receive A’s data properly and will send a positive ACK to A.

C can hear this ACK and implicitly use it as a request for resources from B. Utilizing



recei ver 306 can be configured to nonitor an ACK/NACK field froma sending
node" (e.g., transmitter 304) and treat the ACK/NACK field as an inplicit
request for resources Inplicit request nonitor 316 can be configured to
menit'or or listen for an inplicit request based on hearing an ACK sent by
transmtter 304s,4§ an ACK is detected, receiver 306 can consider to ACK as
an inplicit request for resources. An ACK;sent by a node at a prior hop can
be decoded by inplicit request nonitor 304 and the decoded ACK utilized as

axanple. t her o PR fefles R STRcRmzfs M e o Canfbo oo 380 lin, o
t hrough B. Fir she Bcadigparithr fakd aodirdf ffeldlat a properly and will send a positive

ACK to A Ccan raﬂ)tar this ACK and inplicitly use it as a request for
resources from(@S3y | i zdFgsoten 74, !Lefe“’?rn@pl‘é,‘”'%(’trf’@%'é‘§]t“d?r@ﬁ} "ErBI"O‘:#%“QSian

mtigate the Ingldaﬁin%ldat.omt@ﬂge &dn%ﬂémgﬁﬁi-}%ﬁsédaﬁt& a'amvfegﬁ s%ﬁacmgi portion

of the control field. [00531 Transmtter , receil 6, or both may
i ncl ude, but ar®SBota garaMiel ot and)wrrccbmvlim|aUMtﬂ@we|cnm@oﬁeatsefomammenng such as

a serial port, a unive erial bu USR),, aral | e and wred
Bndior ai b1 nt PP RRERD S eat N er R LR BT B8 s ie

pr ot ocol sl st andedces (WUBAAS inHafddPrtbdony @@Eﬁsalhfrhjeay)aiemss%lsﬁ@wmm) dofess
(WMAX), infrared protocols such as Infrared Data Association (lIrDA), short-

range wirel ess TPRESIYENSS ProtecrisBechgplesics, Bilupsqathi® trehyolemt KieBies§yprotosalmdiay r )
protocol, wultr e\mdg\’bgﬁl( Oé I, l?c(r%r%?n%lfreq @t%l@F)f{ %ﬁeﬁl’esﬁ!i&%RF) '
protoco

shared w rel ess access techno ogy such as a
wi r el ess Et her mettocs {PAATDI Wudebandwchndmmuchmgrelwsrﬁﬂhm cémplaibiltty al | i ance

het wor Kt echnol BHee QUL e ogeREaen it Athanfr ol FORRE Technol ogy

such as the | ntieshaslo ﬁiile@é»ﬂtc\htd%l Réne ne OOk RicBifloyNpubilie heeidgendoand nobi | e
radi o network, code | vision multiple access wi deband code di vi sion

nul ti pl e accesscomygumigajionsyistwask seshnalegy sueh as the f@%ﬁ%ﬁﬂ\'&h@tw'ms system (UMTS),
advanced nobi | eom}]%?ﬁaﬁ% Sleffork AN Sdﬁ%n%?@ong'w\é 1§'c9dk %lhh Bluifcsess (TDVA),

frequency division tiple acces ort’hdgonal frequericy division
nul tipl e access((DBEBNW)idebghdiisk deysoremultiple am:rlss (\ECDbbh}mniich&tﬂ ingpge (GSM) ,
single carrier

R

GSM envi r onnment g;{EFmultigh SteSREPNM AOHEGucRK, (ﬂﬁ'&l@n RACkRs a6 EEBMA),
orthogonal frequency division multiple access (OFDMA), global system for mobile
communications (GSM), single carrier (1X) radio transmission technology (RTT),
evolution data only (EV-DO) technology, general packet radio service (GPRS),
enhanced data GSM environment {EDGE), high speed downlink data packet access
(HSPDA), analog and digital satellite systems, and any other technologies/protocols that
may be used in at least one of a wireless communications network and a data
communications network.
[0054] One or more design module 318 can be included in network 302 and can
include a time partition module and a slot placement module. Design module(s) 318
can include memory 324 operatively coupled to design module 318. Memory 324 can
store information related to reducing latency in data transmissions while providing
adequate processing time for scheduling, encoding, and decoding as well as other
suitable information related to reducing latency in a communication network 302. A
processor 326 can be operatively connected to design module 318 (and/or memory 324)
to facilitate analysis of information related to reducing latency in a communication

network 302. Processor 326 can be a processor dedicated to analyzing and/or



(HSPDA), analog and digital satellite systens, and any ot her
technol ogi es/ protocols that nay be used in at | east one of a wreless
comuni cati ons network and a data communi cations network. [00541 One or
nore desi gn modul e 318 can be included in network 302 and can include a
time partition ondw e and a sl ot placenment nodul e. Design nodul e(s) 318 can
i ncl ude nmenory 324 operatively coupled to dgsign nodule 318. Menory 324 can
store information related to reducing latency in data transm ssions while

providing adeqy ﬁk?ﬂtlﬁ% HEEDTkiBH rdcbiTBI lf.')ofecé%}%‘éﬁld ﬂ&csﬁ?%@b&gmlsad?\g of BRI Ng

as well as other suitfable information related to reducing latency in a
communi cati on neemRANRNSEDsysiem @Oo@é%@@rprms‘wc&ﬁt brah eppdyzas indegeperaighnect ed t o

desi gn mdul e 4G baNdh Ao UBITY desf Boau AR I 8 A0Ak A 8Bl T2t | on

related to reduci ng AN catron ocessor 326
can be a processptent®l. cat ed to anal yzi ng and/ or 051170 13 generating
information rec d by recel ver 306, a processor .that controls one or nore
conponents of sf@%g}n 300, Mememor4 sapstaredsatprols aaeciaest itk Alapsment otz fentrol

generates inf 0?1%%95%11&&%% meﬁco%ﬂ@éa gaw@a%éﬁvé%ée&% iR SoLBR, O nore

conponents of system 300 55] Menory 3 can store protocols dssoci ated
wi t h pl acenent efchahat eysianpBO0 cfm@hmlwrstqrad pnotqcolua|amiyom1g<a1tlmmoraghlefm el d

bet ween recei ver 306 mtte 4 rc., Suc hat. ste 00 can
enpl oy stored pi'OR'GLo mélﬁu&l}cgﬁ‘)’gl'88ﬁl‘fegersr§“‘§‘5°r§caﬁid8§?8lge4'F%?’Bvéaﬁw%ge

comruni cati ons hppreclmcr mhﬁaedeaehmr(&gamedme@icbmﬁoﬁmmaiegbnbha h&Baehsibde
appreci ated that the data store . ,.. menories) conponents described herein
can be either @heayel P@ewyownﬁglﬁ%m&nr% %W?‘““%ﬁ""&éﬂa‘iﬂﬁé‘l’%de bot h

vol atile and ng@mha%ﬁelh&n&?gggxwg )é‘ﬁ?(g}@fmdeﬁ((ﬁl @{éﬁ]@lommeml

nonvol atile menory can menory progr ama e
(PROVM), el ect ri owhidy reagootyrraemers (RORD\progRRGMple ROMJPROMEI ¢19ct:e¢aélsabl e ROM

(RaM . whi on_acPoaae i Kon RO ERERRI SEpb R bR IR0,

limtation, RAMpiesoay avélailk enehfdry &mnyclﬁd&raﬁdoﬁufdaesa%ﬁwﬂpmmwﬂumdwhﬁ
dynam ¢ RAM ( DRAM synchronous DRAM ( SDRAM), doubl e data rate SDRAM ( DDR
SDRAM) , enhanceaxte@emw(mwwﬁy vsvrpéﬁmmme PRt heiteregvRAM ipvailgbicip Rarrbus

(';‘"Q'V'npr I( ESRA'W MAERY Yormd 4udfas sRhAind6d REFATHAS I HRILS oM (prAM)Ended to
synchronous DRAM (SDRAM), double data rate SDRAM (DDR SDR AM), enhanced
SDRAM (ESDRAM), Synchlink DRAM (SLDRAM), and direct Rambus RAM
(DRRAM). Memory 324 of the disclosed embodiments are intended to comprise,
without being limited to, these and other suitable types of memory.

[0056] With reference now to Fig. 4, a transmission and reception timeline 400
is being illustrated therein. Ilustrated are three time slots representing access point (or
terminal) transmit periods for an access point of a first color (e.g., red) labeled 402 (first
red time slot), 404 (second red time slot}, and 406 (third red time slot). Also illustrated
are three time slots representing an access point (or terminal) transmit period for an
access point of a second color (e.g., blue) labeled 408 (first blue time slot), 410 (second
blue time slot), and 412 (third blue time slot). For purposes of explanation, the separate
access points will be referred to as red and blue. However, it should be understood that
another technique can be utilized to distinguish among the access points and color is
utilized herein for purposes of simplicity. As illustrated, respective control fields 414-
424 can be placed at a single location at the front of each time slot 402-412.

(0057] The relevant period of time can be represented as a horizontal line 426,

wherein time moves from lefi to right. Periods of interest are indicated on the time line



wi thout being limted to, these and other suitable types of nenory. [0056]
Wth reference nowto Fig. 4, a transm ssion and reception tineline 400 is
being illustrated therein. Illustrated are three tine slots representing
actess point (or termnal) transmt periods for an access point of a first
color (e.g., regd),;habeled 402 (first red tine slot), 404 (second red tine
slot), and 406 (third red tinme slot). Alsojllustrated are three tinme slots
representing an access point (or termnal) transmt period for an access

poi nt of a seco G 0. ?{ , | 8 (first.b L me.sfot), 410
(second bl ue t%gﬁg?#‘ggnéz%lbﬂ lﬁt?%%bﬁgtgﬁ??nrsréusﬂogis)@l’E%’?lte%ﬂsr p@ges of
expl anati on, thSTARPET4eDaadeasmiponEng, Mbdldd Be Tk ENGPS etd4t mdaA TN AATKI

bl ue. However, | houl e understood that angther technique can be
utilized to di s#é[ﬁgu ﬁh%ﬁ%ﬁ%dﬁhés e aRequPRnE Delaw frog ¥ 19 840, d¢ i | i zed

herein for purg@%%&ma@nnmagmam 48510 d4h USHLATREK/NAR IO 8ALY MEMUR S Mo Ti el ds

414- 424 can b aced at a si'ngle location at the front of each tinme slot
402-412. [0057][00588 rel ening pentiobgortipn #l4ef frsiredelor 413 amgnesets sent 4d8. If

hori zontal |ine, 426 whergin tij nmov fromleft ,to.ri . Peri ods_,of
interest are i ndfeaiceie rrlecf'hoge% {nggsmfvﬂgﬁlﬁlﬂﬁ% sepd dy3 fo Egg Il])}‘“f-:d’::' S‘%ﬁ Otpsk .
"GRANT" 430; Dafeanddeddsidena ieiabidikihg tHedb@leQr asnirol Yericd AR DS the4itst redaiha
Transm ssion End, | abeled as "Tx ENDS"' 434; and "ACK/ NACK SENT" 436.

Rel evant del aysS@ir92 aFeregnlaaatonpamoseseit sould brasaped thatgqeceiver can distinguish

Request/ Transm A : m 444 to
446. [0058] mﬁd%é%grﬁlp%f)%rﬁ%sﬁ%ﬁé%hmo H’ftlﬁtgsét rtka S}%oe?ﬁ g%t,mtl%grequest i's

sent 448. |f tillestetesrap4®i.her red nodes (not shown) that want to send data

to the blue nod t he other red nodes can send th ata during.the request
or control peri@ﬁs%m of A ¥eFTF BpmpS&gn f?wer'g'%etq“ﬁ Q?aqggq,em ?(b?‘gﬁ%ﬁagtn
purposes, it shaykdué®sSEIGRIANT Messhgt @GAIEANIN & athtbl poitioe Y26 thafigt Blae ode
mul tiple requests at substantially the same tine. The guard tinme is

il lustrated at WBeslop¥§s5ded proges pitva it foerivRde CRANIJrRePE in h secrBYIfdst ( s)
and deci de how ﬁrﬂg%ﬁ%?ﬁlt shid _tﬂeec&lc'ﬁf%éaw whlh fFRANT b, at :?.egé&rﬁ'uﬁ{i 'n a

control portion he first fine si'ot 408. Red access poinfs that
recei ved a GRANTe raceinsigiblue Acce$sd’ose soh tie atedel to ACKeor NAEK #0the ttdidridiee titheslot

decod,10. 1 e YBt) PSS S S P i G, ¥
412, but not duswodWytdd GRathckd ¢ b hlizedl For HAMpRE Bvdnhied Giasivglcapccupi ed,
the use of two Hybri dQ&A% interlaces can be utilized, For exanple, even red
time slots can corespond to a first HARQ interlace (or process) and the odd red time slots can

corresponding to a second HARQ interlace (or process).

10060] The relevant delays can be a transmission delay, a retransmission delay,

and a hop delay. The transmission delay is the minimum time between sending a

request and starting to transmit data. The retransmission delay is the time between the

end of the first transmission and the start of a retransmission. A retransmission may be

appropriate if the original transmission is not decoded successfully at the receiver. The

hop delay is the time between the end of data transmission on a hop to the start of

transmission of the same data on the next hop.

[0061] Processing times that constrain the achievable delays (transmission,

refransmission, and hop) are decoding time, encoding time, and scheduling time.

Decoding time is the time between completing a data transmission and receiving an

ACK or NACK. Decoding time represents the time available at the receiver to decode

the transmission (e.g., 1o carry out convolutional, Turbo or LDPC based decoding).

Encoding time is the time between receiving a GRANT and beginning to transmit data.

Encoding time represents the time available to the transmitter to prepare the data m



correspond to a first HARQ interlace (or process) and the odd red tine slots
can ~corresponding to a second HARQ i nterl ace (or process). [0060] The

rel evant del ays can be a transm ssion delay, a retransm ssion delay, and a
hop del ay. The transm ssion delay is the mninmumtinme between sending a
request and statgt]hpg to transmt data. The retransnission delay is the tine
bet ween t he encf of the first transmssion;gnd the start of a

retransm ssion. A retransm ssion nay be appropriate if the original

transm ssion is_not, deco fully at the receiver., Th delay is
the time bet vecHepia™EHGPe GHARPE Giarantud o SSnoliHn Touve A uRofreogne
transni ssi on of addie HRE@ setepakeTointitione dchédifing 110 6slthe Rt GRtsden eeckivii@S t hat

constrain the achi evabl e del ays (transni ssion retransm ssi on, and ho(Ef) are
decodi ng tinme, EABESHITOR ops ARMOENEETs apbwnfingg GRANT in ERODER W lensha splaset ofe

time between co i a : LSS LecahM ivAgs CK.
Decoding tine rg'g%e:ﬂ; dr%tgtg tS ehﬁr%gﬁg%{zﬂjﬁgébﬁwghgpgfﬁgﬁf?g]\ég?g]ee?&fabedegg gwt he
transm ssi on ( ethg rgquesss, car thy sabadul mgalgokithn, @nd Heterfmindwhioh uicDPG GRASNT and
decoding). Encoding tine is the tinme between receiving a GRANT and

begi nning to triR&ATP "5 a. Encoding time represents the tine available to

the transm tter[@pg2pr epars illiratal Acdnfrolield é4h HePlace8 604 HRdE Rocitidnht tHee GRANT
(e.g., to carry out convol utional Turbo or LDPC encoding and/or HARQ

sub- packet f or nHipRt@hthe sigth Bt thewgpirphigeld in thisdocation heatransmissiop delpyisng a

t f - j N t | t
Cubset of ool SAfTRED S Toh, ARRe BNt B Mo Bl APARRSI0 7] bi et

t he receiver t o(apsuaiessNACKe:s negugatisd by amadttensmk gdint, whirhd$ ggrant thagis and
determ ne which users to GRANT and. what resqurces.. [0062] As illustrated, a
control field cQﬁg%‘@l"bq“éB‘é?Bssa?lyée‘éﬁ“ﬁ_ﬁlr@“lﬁ'ﬁb iﬁ?edwpa?éag rfeﬂvv}%m*el&“f? HESs| ot .
Wth the contr Ohsshmil@hat B rdlal Fode @&rPhiia rehi@t fof MG SHIWAR &BARY: that it is in
approximately two slots, the retransm ssion delay is approxinately three

slots (assuni npe@raqasie! Feseiyngobr daesawt yoval iwillsisenrswameatkyer noviiibich is s a
grant that is | i | ti - ay iIs
approxi matel y tv{/oﬁ?ggld\g% FSI%}QIHE% gﬁgﬁﬁgﬁ{%*qg&pé@g C%B{ig&g@%ar{%%%ggg {rl]@gsu‘gg* for
rel ayi ng onwar dtha cpated €eldtphatd attthe frontrof thHelsiot preabedoding rime edakes mgproimtteoes
not know if it will decode correctly or not (which is .referred to herein as
o ant o1 pat or yiretiedEs Sroafias HE Fads e bt ok gd I et K
control field phggedmakitdigsiiont of the slot are the decoding tinme takes

approxi mately
[6063] It should be noted that once the slot size is fixed or set, the delays are

fixed and there is no further tradeoff of one delay with another. The slot size itself may
be determined by a variety of other constraints such as physical layer packet sizes,
latency requirements, channel dynamics, fairness, ezc. Scheduling time of one slot
might be appropriate, but encoding and decoding times may be over provisioned.
Placing the control field at a single location at the front of the slot does not provide a
way to reduce them, thereby decreasing the delay metrics.

[0064)] Fig. § iHlustrates placement of a control field in accordance with the one
or more embodiments disclosed herein. Tilustrated are a transmit period for a first
access point (e.g., a red access point) 502 and a transmit period for a second access
point {e.g., a blue access point) 504. Transmit periods 502 and 504 have respective
control fields 506 and 508 that are placed away from either end of respective time slots
502 and 504. Although the control fields 506 and 508 are illustrated at the middle of
respective time slots 502 and 504, it should be understood that the control fields 506 and
508 can be placed any place within the time slots 502 and 504. Placement in such a

manner is referred to herein as a “single-location placement”.



two slots, the encoding tine takes approximately one slot, and the
scheduling tinme is approximately one slot. [0063] It should be noted that
once the slot size is fixed or set, the delays are fixed and there is no
further tradeoff of one delay with another. The slot size itself nmay be
determned by g.yagiety of other constraints such as physical |ayer packet
sizes, latency requirenents, channel dynamics, fairness, etc. Scheduling
time of one slot mght be appropriate, but encodi ng and decodi ng tinmes nmay

be over provisi the control field at a e lLocatj t the
front of the sl@ﬁgﬂoes n ing 8?/‘1“8813 CEER) © %WCFB‘HU@@MQB}%*"E Futeats) L%I'é"t? easing
the delay netrifefanticipafof) refiddis, Which Laskidiotfsl 36&80RES inQhe @eﬁﬁﬁﬁt"tl&l refayel d in
accordance with the one or nore enbodi nents di sclosed herein. |llustrated

are a transmt T98g fadlg 19 dacode the pagket copigetlys Lgvien retiapsmjssioradalayanelse ds poi nt)
502 and a transithloy@RLMPAnd0ioAuSPRaNMAFHIRSonREl g 665, dowe sl GpidiGESS

poi nt) 504. Transm perio ave respec ive contro ds 506
and 508 that ardelaylisceecfasiynpbrianmcensideentioania axhultidmpeoitemoetduseths delhg per502
and 504. Al though the control |elds 506 nd 508 are ill strﬁdz/g%t t he
mddl e of respBRMAIEE] ipPespytido B oypll apency requuRBEnty é‘"ﬁ ood t hat

the control figh@g.@QBuRNe unﬁ%mtmc&bmﬁ@ya%geqw%,bmbmcén%ttzlnm%

slots 502 and 504. Placenent in such a manner is referred to herein as a
"si ngl e- 1 ocat i cidppicaceaien placsueny aliovs irddef6sf CUSDthg i yathideending tmesrent  of

the control fi e{%eglmaog?cﬁggsmlgmlgh%egIlns%bﬂlel%gle P antici patory requests,

whi ch can | ead resources in e event that the relay node fails

to decode the p@8éat cor itshbbly be hotag that eilizesdisdd-woatlel pacemant ofilir@ ool
achi eved with s'leggl e-Ioc t|on | acement of the control field ﬁ: Lower

retransm ssion Fadnyprp\g ohEhe ““t“ﬁé‘"?e it Aeesios anda desoding gme of IRSSRRIPES - hop
cont ext becauseygihe 1Heh@MhREhn b RrdPReR §otdinREviaRine dnfbofitntsOMEs !

| atency requirenents. single interlace could be utilized when the
control field i@nliqqhne@r@ these dines sart beono haaic dnnswrth. embedinzctsi the slet dwaten can

Bnd the sum of FHRErRe RGP ORRE of MR B fie Bt i e o { nai

utilizing a si n[gbe?]l ocat |Apﬁbrt2bﬁt@ﬂifﬁ@hnd)508hhﬂluﬂ@dﬁéd@ith tifhinglod aCREQpIBSV‘I de a
scheduling tine_that is one slot_ and a_decodi ng time of less th one. slot.

Al though this cif %daspprsaphding SRANICE b dhaTEdwinet meprechadBing ddis
Other embodi MR, GRS ohé MBFrefaieRriRA0SABH b the Rorthi ReBBEHORRAI th he

sl ot duration c
slot. The sum of an encoding time 516 and a decoding time 518 1s also approximately

the time period of one slot. However, placement of control field 508 determines how
that one slot time period is divided between encoding time 516 and decoding time 518,
Typically, the decoding time 518 is longer than the encoding time 516 and, therefore,
the control field 508 may be placed to the right of slot 504 center, allowing for a longer
decoding time 518.

[0068] With the control field 508 placed to the right of center of the slot, the
transmission delay can be more than one slot depending on where the control field 508
is placed relative to the start of the slot 504. The retransmission delay can be about one
slot and the hop delay can be about two slots, however, anticipatory requests are not
needed.

[0069] With reference now to Fig. 6, illustrated is a split placement of a control
field 600 in accordance with the various embodiments. A red access point transmit
period having a control field 602 and a blue access point transmit period having a
control field 604 are illustrated. Splitting the control fields 602, 604 into two parts can

provide additional flexibility in the tradeoff between delay and processing time. Both



be increased to | engthen the timng of the scheduling tinme and/ or decodi ng
timel [0067] A horizontal tinme line 508 is illustrated with timng of a
"REQUEST" 510 and a correspondi ng "GRANT" 512. A scheduling tine or
schedul i ng delay 514 is approximately one slot regardl ess of the |ocation
of the control fiighg 506, 508 within the slot. The sum of an encoding tine
516 and a decoding tine 518 is al so approxigﬁtely the tinme period of one
sl ot. However, placenent of control field 508 determ nes how that one sl ot

time period is ed be en e codln 6_and decodi ti 518.
Tyt oar 1y the ARy OFblE SR SRR i B PR RS T R Ve STaseth o
therefore, the beanki %coﬂin@hﬂze‘i&ﬁ efi@ingainid. ad@even spitldct@oit cad alsd Sllowb
center, allowing for a |onger decodlnq tinme 518. [0068] Wth the control

fiel d 508 pl acedddifioralgchedylme tispe. cKhedust par 60hS 18 0bthe confeol field A2 neM<hBN del ay
can be nore tha 1fehe 0, a2k d

pl aced relatlveq?gyt e S%%rt O?Qhﬁﬂm ﬂn%ﬂﬁdﬁ Eﬁéﬁﬁgﬁ{ghgﬁFﬁgﬁen §%¥%§ can
be about one slthat isusdful foe tieophadislieg/tagkaiz. daeemboas refuastesl| gitadity dfewice (QoS)
anticipatory requests . are needed. . [ 0069 / ef.erence Fig. 6,
"1 st Pt ed i 5 0BTy i Airsrog PRLoLBR P! HPAPR HEGST Firm SR A Rce i ¢h
the various enmboATHNATK AardshaGaBaRatidf ipbitinkit RABTItS thePSSi drdtkbnhaftefBirdds or
control field 602 and a bl ue access point transmt period having a control
field 604 are i|thydacPdPeaUICEptitting the control f| el ds 602, 604 into two
parts can provi dditi and
processi ng tinel oth 051 ghfgh§§h2ﬂ+£%¥éég fron o gﬂ?giﬁn@%& acgﬁﬁﬁ%&gn
split placenent dalalyoftwer sﬂblmd mnarts;rmloofdetayaﬂam‘sﬂot darétavbmpmlclemobdm'@ots wite and
encodi ng time. However, spli pH@ can al go al | ow f J 9 i tiona
schedul i ng tine. a"fﬂ%‘;‘?‘f‘??tre%’ﬁ?‘ BESeO fé g PR ?8?1‘9‘?’6?“%%38 é’“""é’dﬁﬁ can

carry the "REQURpe cahibglidhs @iafl on®fbd s@&ﬁihht\/the dum bf én@gdmg and Rcb@hg 6MB #% he
information that is useful for the scheduling task g., resources

request ed, qual |Sﬂf3r lf@gths dhgisghedylmgdime ¢lgrran bedmgneét%bgbetw ogeahivofdis  of
t he control flehg %ﬁ &$Bmﬁ &%wm%ﬁﬁNq </ NACK", and ot her
er

i nformation pertlﬁent elt e assi nnent o resources or the decoding
out cone. [0070] [GA71i zi ngSmnk;nlto ﬁlepxlngleeplmﬁhemfcam tho nplit@lacé meait dllcantrgicolfi de a
transm ssion dela

a. retran on deI of o |l ot, and a
oo 2l oy of 1w ehestnee S16H B ey Bl Tt R O eS A can
be I ess than onengkpi. BHWevehQpRNIREBA allows for much greater schedulmg time without

increasing the slot size. It should be noted that when utilizing the single-location

placement the slot size should be increased in order to increase the available scheduling
time. A Request to Transmit delay is shown at 620 and a guard time is shown at 622.
[0072] Split placement utilizes anticipatory requests while the single placement
scheme does not utilize these requests. However, providing an additional request field
as part of the second control field (the one containing the “GRANT” and
“ACK/NACK?") can mitigate the need for anticipatory requests. Depending on the
typical HARQ mode of operation (e.g., HARQ retransmission attempt at which packets
typically succeed and associated variability in retransmission attempt at success), this
may be more desirable than having anticipatory requests.

[0073] In some embodiments, to mitigate anticipatory requests the receiving
node on the next hop can listen for ACKs being sent out, with the ACKS being an
implicit request for resources. For example, data is to be sent from Node A to Node B
to Node C. Node B might request resources to send to Node C if Node B has

successfully decoded the transmission from Node A. If, however, Node C listens for



time can be |l ess than one slot such that the sum of encoding and decodi ng
tinmes-is one slot length. The scheduling tine 614 can be designed to be
bet ween one and two slots depending on the separation between the control
fields. [0071] Simlar to the single placenent case, the split placenent
al 'ows tradeoff of encoding tine 616 and decoding tine 618 while

mai nt ai ni ng the gsppg of the tines at one slot. However, split placenent
allows for much greater scheduling tine withgput increasing the slot size.
It should be noted that when utilizing the single-location placenent the

slot size shoul qﬁé’l@ thcl{I % Fptoq*ﬁ(gﬁ ttl?en' a(fd’egg%a% n[ngﬁm%gée tgg{f\%lét%}ﬁdu' | ng

time. A Request to Transm ay i1s s I'me 1s shown
at 622. [0072] I*Bpic|]1top~kmlce\mennfemrelqu@eﬁarmbumesa@tmﬂeBequests while the
single placenent

heme oes n utilize these re provi di ng
an additi onal aQJFF‘@t fie %Vle‘ﬁg?ltﬁ"ﬁref‘e'ﬂ?'a‘iy%m%%ﬂw RS QF%PEQY\%OH" '(the one
containing t he "R loghl G hic ek DMEpiém&R&Y 1WaEdcﬁ@§n@e AR oe8ndRaspects of

antici patory requests. Dependl ng on the typical HARQ node of operation
(e.g., HARQ ret rbnwariogserabpdimerdsytill he belter epprerigkdwish rafgrpiasdp thy dingeamesed  and

associ at _ed vari alﬁgJ ‘7@’ Wﬁ'ﬂer %r[pﬁ f’@S o?lsﬁn If&‘tct]t glan%tﬁﬁl? § eﬁ)ddonélegarenay be

nore desirable havi ng patory

enbodi nents, to shb\tmgﬁhﬁesaiﬁetl@s a)&tr(ewf lblequeﬁtﬁobh&ndcm@m\/anﬂgppreﬁﬁied that thee
next hop can Ilstegq ?r ACKs bF g Eent out, wth the ACKS bei ng an
inplicit request™ftbrdofogicsgrecot imigd by ths ordes of biacks. 3ssomg DIREkSBAY- # r om Node A
to Node B to NogefanchNasiq t}%séﬁngmbdélggﬂse%&cu'f ﬁﬁ(ﬂﬁél‘éﬁtsoraﬁs mcbﬁcmgﬁy Gich f

Node B has successfully decoded the Transm ssion from Node A however,
Node C listens fcmher(bkitkﬂibomgiatmmlﬁaiﬁscmdbh@lseh@seqvgr nmdaéilldustmhéhldrb&je C
can inplicitly use .th de Node inf.er yest

Fesour bes by Nodbode BT PPRTERS etiaBloRy Basruunires afiand of fitiShecs
descri bed above,the meala@d@inegmm&msvmhs:ﬂmmppxbaammaemiewmslubcasm@y’aance with
one or nore aspects of the variqus enbodinments, will be better appr eci ated
with reference tlslpleﬁ@"aﬂégﬁ%fﬁﬁaraf arqwag%acwbmam thereofrqgany, gthgioitablg means

sinplicity of expl a&@ideoé}stehhﬁro ﬁ&k)%r@d mg?JBPM’{@ f@rﬁﬂon@a‘?ﬁﬂs’s&?ﬂecﬁs a

seri es of bl ocks, bé" un erst od and ated that the
met hodol ogi es ar\eltmtht: blopkn tled absy to bﬁeanpr@wneddhatblh&idkdgs apsmeyolydo Blusicks may, in
accordance with tp[ese net hodo orders, and/.or

concurrently wi tFBAHEFSE reéﬁ'lé%ﬁ?eﬂ%ﬂf‘f%g{fﬂrpkﬁ%%ﬁ(} 'fﬁtﬁ'gé g'gétg?ﬁe@wcﬁé?aéﬁ b,

Moreover, not aljljudttatedblyraaésest 20HBE Bater number of blocks. Those skilled in the art will
vnderstand and appreciate that a methodology could aiternatively be represented as a
series of interrelated states or events, such as in a state diagram.
[0075] Fig. 7 illustrates a flow diagram of a methodology 700 for selectively
partitioning data and control fields. At 702, a time division between an encoding time
and a decoding time is determined. Based in part on the determined time division, a
control field is selectively placed within the frame, at 704. Such selective placement
can include the entire control field placed at the beginning of the slot. In this scenario
the slot size and delays are fixed and tradeoff of one delay with another is not possible.
There may be over provisioning of encoding and decoding times, which may not be
reduced, thereby decreasing the delay metrics.
[0076] Another selective placement can include placing the control field at a
stngle location within the slot. This placement allows tradeoff of encoding time with
decoding time, provided the sum of both times is one slot. It should be noted that the
scheduling time is one slot and decoding time of less than one slot may be too short in

some cases and to lengthen the decoding time, the slot duration should be lengthened.



may be required to inplenment a nethodol ogy in accordance with one or nore
aspects of the disclosed enbodinents. It is to be appreciated that the

vari ous bl ocks may be inplenented by software, hardware, a conbi nation
thereof or- any other suitable neans (e.g. device, system process,
conponent) for eantying out the functionality associated wth the blocks.

It is also to be appreciated that the bl ockﬁ) are nerely to illustrate
certain aspects present ed herein in a sinplified formand that these aspects
may be illustr by sser and/ o reater nunmber of blocks. Those
skilled in the i‘f"ﬁq i %ﬁﬁﬁ'é?%‘f’%ﬁ%l“ Hgab‘ﬁ?é‘&?a?f@f"%wﬁ PIACHEEASRATIR A coul d

al ternatively beiffed ﬁfc@tﬁﬁrﬁ%mﬁr e sl%ﬁlrs'aﬁ&hé}ft?/ﬂerﬁf‘asélﬁﬁiv%bﬁagelﬁ&ﬂt Splithhg f¢ENt s,
such as in a state di a‘gram [0075] Fi trates fl ow di agram of a

met hodol ogy 700 cpwrol i dé%?‘llﬂkélfkﬂlbﬂﬁy tn ti1¢ tpdentf betesn apepdingnimeoindideeddifg. At
702, ime di
i med. bu G RORERARERARAEREONION 0T 08, e S ERNAS Kl o

determ ned. Base in par

is selectively praided longétscheduling ﬁmamhomtmc?&émgfﬁttcshotssﬁlee@ttwepoﬂiomﬁﬁﬁdi’lt
can include the e tlre ?ontrol field placed at the beginpning of the slot. In

this scenario gelude 2p antitapaQry ssavestrhoweystepfacing an sddnapplregiestdirdd te| ay
Wi th another is tﬁb%ccﬁﬂﬁ)%h%‘?mn pAREHE ndRYoiGe MRl Yéqﬁés? nhﬁ&nﬁfveﬁr}ﬁ%j' ng

and decoding times, which may not be reduced, thereby decreasing the delay
netrics. 10076] aﬂq!morh@vonstenm:ﬁor eminplict arquast cammbe mtﬂabmdsnwgaenhc@ctm@rdmt r ol
field at a smgn catl pl acenent all ows tradeoff

hi
of encoding tinme '\‘}ﬁl? rycﬁ%qco%la ‘3°‘i‘$ﬁ%d"e‘b?“8€€°8‘éeap{1§3 sum of both tines is one

slot. It shoul d[6eys8not ed Figa$ illubeatesseii@d dlajpiagh dfiameethGlolzs 860 ir sélBelivdgc odi ng
time of |ess than one sl ot ﬂ be too short in sone cases and to | engthen
the decoding ti PESitipHES deostroffiledin dsingipinspiipngdacersn H 98 2 drglelpoativs [ 0077)

Splitting the c Pras pg t at
di fferent | ocat ?(!)Hrclélﬂ%/:n“{orgw}m%ghgdtﬁmﬁg@%%ﬂol?ﬁ&rﬁ?ggeh‘ogd %&gt&%@q{gldgggmnt

Splitting the cb@mlroola tfade b bpiwsen tismicy hrebqirbicksivg/time. i atplacdmeobtfcab etdweren

di i d, d h b
ot Thi S Uy pe By BracerAne Pal ERgna R B BUREEsy iy Skt BoreglC1 e

W t hout i ncreasumgdd]m sl tsuch ZlacemhehtOsingé HARD Bantized field can include
an anticipatory re%uest however, placing an_additional request f| eI d in

the second port % ti gatb804 Hé‘etﬁ’é‘éaa‘mr‘s ppde whethes thsdegeding e shoy
Al ternatively orng rthQer]S“ échﬁgn%or : Eﬂf]é B bk 1R shomd b&loﬁgér%ﬂﬁg?é erf?: nEe

utilized to mtig e nee anticrpatory request and/or t

addi ti onal requeisie (‘'YEBY,. at 806, the control field is placed to the right of the center of the slot. If
the encoding time should be longer than the decoding time (“NO™), at 808, the control
field is placed to the left of the center of the slot. It should be noted that the tradeoff
between an encoding time and a decoding time should be about the length of one slot
when the control field is placed in a single placement location.
[6080}3 Fig. 9 illustrates a flow diagram of a design methodology 900 for
utilizing a split placement control field for a data communication. A split placement of
a control field is selected, at 902. This selection can be made based upon various
criteria including a tradeoff between latency and processing time in a data transmission.
The tradeoff can be optimized to reduce latency while providing sufficient processing
time. At 904, the control field is divided into two portions. The first portion can carry a
“REQUEST” field and optionally a “PYILOT” or other control information that can be
utilized for a scheduling task (e.g., resources requested, QoS, constraint, and the like).

The second portion of the control field can carry a “GRANT”, “ACK/NACK” and other

information pertinent either to an assignment of resources or a decoding outcome.



[0078] Fig. 8 illustrates a flow diagram of a nethodol ogy 800 for

sel ectively positioning a control filed in a single |location placenent. At
802, a single location placenent of a control field within a slot is

desi gnated. This designation can be nade based on a trade off between

| atency and progess ng time. Such a placenment can reduce the nunber of
anticipatory requests and/or the retransm ssion delay can be shortened. In
addition, with such a placenent a single HARQ is utilized. [0079] At 804, a

determ nation i e wheth t he decaodi ng time, should be |onger than an
encodi ng time. I?Wﬂe dec%b%gap?tﬁ’gmgﬂﬁ)ﬂllgmﬁge W%%Eeéla"taﬁ%[‘hpﬁ‘%“gﬁﬁ%bﬁ ng tine
("YES"), at 806 acdeprbleoMniitipatbtyelequdss riakMGRRtelrSsobftes inl B din@fior WRer€ 8718y  Of
the slot. If the _encoding tinme should be |onger than the decoding tinme

("NO'), at 808, npfkedeespetdsroderthepagkstsuenessblly. (Ibingiyding ap eniyRpatory reaBpttdy  of
the slot. It sh : f ing i d
e slo S %Héegtapfc (n’ﬁi@:i tﬁ'lg'ﬂ'feh%t]@ﬂé gtt?rﬂﬁg%s at ﬁ@&ﬁﬁ%n&ﬂgﬁ@@%gﬁd%ﬁ 1&' e an

a decoding tinme should be about the len one sl ot control
field is placed aiddeddo dierfrane tpl the gansntitthg aadel. dfithe [d@BAhatkengat 996, ik thacdr at es a

fl ow di agram of a.desi gn net hodol o 00..far i.lizing.a .split placenent
control field fSP“%P%ﬂgé“&’SM?ﬁ?8&‘%‘8&“’(@@ph* pihl o it Iaa‘@dﬂlﬂ_ i
field is sel ect edadditiofPqudsdiisldsROBE bé MBluGEN NS LB PoRRH B tHeRBRr M FHeldP US
criteria including a tradeoff between | atency and processing tine in a data

transni ssi on. Theseeonsdwsion of die watreldicldsandeclvds angddiciond) seques ield{i YES™),
provi di ng suffi ¢j eg r ' j - e | ' I v, ded
into two porti ogfée. l g;a? ?ﬁ?ﬂ %grﬁ %‘gﬁé‘%@‘@gﬁ‘}dﬁ%‘“&%@)@ﬁ’ Péfqlﬁiéﬁqgggjﬁgbl}w
optionally a " Plnb(# indndait(HS0”Y; drtmahod Ri0aontirtues rat  higwhemnan baplicit reduezad f or

a scheduling task ge.ﬁ., hesources rrequested, QS, constraint, and the
like). The secdPRMBERYHE BFevmEme8ntrol field can carry a " GRANT",

" ACK/ NACK" and gbﬁm_ i nf H"aﬁ%ﬁﬁ&ﬁht&?r juB& Rk adliti SR rehfestfield &b BB IRNIde®fthe
resources or a decodi ng outcone. 051170 20 [0081] At 906, a determ nation

i s made whet her tensraifer rodp dchidgs sush irsiesti ¥ anaptidpatertyirequestof pédijirnabreguest
requests m ght - es |. tuat.i. not
Gecods the packalis pbBRAHAGRohfrlrir plesiBhliERaNIPLR o pbuéa L AEF ERES
accept abl e (" YESbile. Insemaeihodim86d, mamtoring és aatmpPkitt raqestaat HA} daaiighideray
request is added to the frane ta% H.he transmitti ng [}g‘gg | f 'thF‘

determi nation, dt<cBie nqdg op aRextdop lisigping PpmERHSRnEdeR ASKS (- BPIGE Faptshifre

("NO"), at 910, godRESMEINEAEI 100t IThiIRAR 8L B&bdePihdadél dsitnalplicRaddassh fiel d
shoul d be included in a second portion of the control field. I'f the second

portion of the demesarcesield can include an additional request field
("YES"), [0083) For example, there are three nodes {(Node A, Node B, and Node C). Data

is to be sent from Node A to Node B to Node C. Node A sends a request to Node B in a
first time slot. In a next time slot, Node B grants the request. Generally, Node B should
first decode such packet before the packet is sent to Node C because, if Node B does not
successfully decode the packet, the packet cannot be sent to Node C. However, since
Node B transmits every other time slot, in some embodiments Node B might send a
request to Node C during the time slot in which it is sending the grant to Node A
(referred to herein as an anticipatory request). Such a situation can occur when there is
a high probability that Node B will successfully decode the packet received from Node
A. Sending an anticipatory request to Node C at substantially the same time as a grant
is sent to Node A reduces latency between Node A and Node C. If an additional request
field is included, Node B decodes the packet and sends an ACK to Node A during the
same time slot in which Node B sends a request to Node C.

[0084] Both anticipatory request and the additional request are performed by

Node B (transmitter) in the example provided. Thus, Node C (receiver) does not need



the field is added, at 912, by the transmtting node. |If the additional
request field should not be included ("NO'), the nmethod 910 conti nues, at
914, where an inplicit request is nonitored, by the receiving node. [00821
| f. an"anticipatory request or additional request field is to be included,
the transmttegsnpade includes such request. If an anticipatory request or
addi tional request field is not included, gyonitoring of the inplicit
request can be performed at the receiver node. In sone enbodi nents,
nmonitoring for ap_Jinpledcit r , 914, .can .i.ncl.ude recei ving node on
2 hext hop | st ok nanpBOr RTk: pBhovkil oE2RgO%p HiReR or MGG ALY Rpf
resour ces) bei ngres@nprovided, Ndde < AGnanaor ihe ATIC saiebly Bode BieNodSA tah@sdntphi ci t
request for resources. [0083] For exanple, there are three nodes (Node A,
Node B, and Nod&mpliciipgqusst foedatgupas dsieping the #ede A to Node B to Node C.

Node A sends a f[@@dpst towNQQdgreRnidhdv tofﬂié.sﬁl, filuSata 19 sydtdin FodEk ke fBJiﬁ‘iEte?' ot,
Node B grants the request. Generally, Node B should fl]YSt decode suc

packet bef ore t lseorgimeted rommusiestiontbetviden enullifdecemmanicaition [NodecoB id e edretost
successful ly de%ode t he. packet . the packet cannot be ser}tt t(g Node C.
However, since CREGEMEAP RGNt nAegorgsics vithiong opmgre ofithe digelosed o i ment s
Node B mi ght semehbadimef§usgdterh Q0MNOEAA résidbuh i geceBGolrit ABA/GH iAta usét dakliceh it is
sending the grant to Node A (referred to herein as an anticifpatory
request). Such 3YSFRJAPY epnrrises Hreetiverniflh thehendegesve agigmpbiiopigpensnipie ¢ t hat

Node B will suc e : t ' - endi ng an
antici patory reg%zi%%dé%ﬁgdgﬁ%ﬁg%%l}gg‘?gﬁtqeal ﬁf%ﬁgl éc(ft;%@g @?Igrrgn ’gg%haaggr ant is

sent to Node A ridoegssmpbhiyare jovosowestimgd\entethéranicdedsigeal CThd fecainerd@a2 tanonal
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[ 00841 Bot h ant ir€deiall O¥ribdl £y Bfh s?maoltpaﬁo@da%n afplovide a¢eivkd syneborabfaor med by
Node B (transmitter) in the exanple provided. Thus, Node C (receiver) does

not need 051170 Ppressppl®Barch for an inplicit ACK. |f however, the
addi tional requ r antpe I =~ can
?%86? PlobRELAbke Eﬁéﬁéﬁgﬂc&f@g&? AP ardkf t?élﬁ{i?fg?% Nedfrafiorf

nonitor the ACK sent by Node B to No send an request for
dat a upon det ectreaatyed b red€iker dof8bdnt VWAZhandék gerenatimg imformbasiofr fgy. trapfinission by

I ustrated 1= s sieton H00pISL pbRAL 2 Roorskreted spru caton

envi ronment in 3000 LAFBEFoWsEdY 100Ec A an BRI EnDmbidh i ddasaeceiver 1002,
generate information for transmission by transmitter 1016 and control one or more
components of user device 1000. Processor 1006 may include a controller component
capable of coordinating communications with additional user devices.
[0087] User device 1000 can additionally comprise memory 1008 that is
operatively coupled to processor 1006 and that stores information related to
coordinating communications and any other suitable information. Memory 1008 can
additionally store protocols associated with coordinating communication. It will be
appreciated that the data store (e.g., memories) components described herein can be
either volatile memory or nonvolatile memory, or can include both volatile and
nonvolatile memory. By way of illustration, and not limitation, nonvolatile memory can
include read only memory (ROM), programmable ROM (PROM), electrically
programmable ROM (EPROM), electrically erasable ROM (EEPROM), or flash
memory. Volatile memory can include random access memory (RAM), which acts as
external cache memory. By way of illustration and not limitation, RAM is available in
many forms such as synchronous RAM (SRAM), dynamic RAM (DRAM),
synchronous DRAM (SDRAM), double data rate SDRAM (DDR SDRAM), enhanced



enbodi nents. System 1000 can reside in an access point and/or in a user
device. System 1000 conprises a receiver 1002 that can receive a signal
from for exanple, a receiver antenna. The receiver 1002 can perform

typi cal actions thereon, such as filtering, anplifying, downconverting,

etc. the receivgg,s gnal. The receiver 1002 can also digitize the

condi tioned signal to obtain sanples. A de ul at or 1004 can obtain

recei ved synbols for each synbol period, as well as provide received synbols

to a processor §.0G r Ss cated to
anal yzing infor r%a%g‘% (éér)]glgglh\) J%ﬁ@g@%&gﬁ&@mﬁéﬂ?B{?}%Eaﬁﬁw@g%ener ating
information for (DRRAMI The aienioyy 1G08tof 8#RSObjEERYstdiBd dnd/ETRERSS & intk AR 162N
control one or nore conponents of user device 1000, and/or processor 1006

can anal yze i nf 6P oM Pt BripeHMEFd ioetiesaasd anp other suable pypeeol mesenralUsen f or
transm ssi on by dE\F]@@mtsﬁﬁ'fur&lgﬂ-&mﬂdngsgé;Mbm mg&ﬂ?tgf 1610 fid a?BH&%HS“ltoi%ﬁJ user

devi ce 1000. Processor 1006 nay I contro conponent capa
coordi nati ng commusmitsdbd modulated figmadidi t i onal user devices. [0087] User deV| ce

1000 can additi y conprise nmeapry 100 rativel

processor 1006 iﬂ%&i hat rs? Izlglsa'ﬁﬂgﬂs%%ﬁof’é’ aﬁﬁﬁ?igﬂq Bgﬁﬁ% PP %’ﬁcﬁ o
conmuni cati ons aggimaniatinRétosdld indb@dindé A BhHAR aseikD Systérﬁqméﬂi‘ﬂpn ses a
additional ly st ore g}r ot ocol s associ ated with coordi nati ngzcom'runl cation. It

will be apprecPatatipharacces pat b0 dysdllysiraigd, baspsafianeld P2 espiperidgnalis)
described herei e%? ofd dsBBievYRl ?fdélllﬁ’ JE%E@Neyan?Jnn gmeot.@&@ng?pg{mw

can incl ude both v ati e an nonvol at1’l e nenory. way o stration,
and not |imitat icomerenseriivees 1 4rdenooghya cansmitianchoabl08ead only menory (ROM,

Gl oot ricaly or SSRTC hnBrsEaabien oo Bradi e 0 b el PR RIS can

i nclude random g@eeeseivediinya { RAMd isbPetdiivalgassodiated % ihey didlodGlaeh €l IR y. By
way of illustration and not limtation, RAMis available in nmany fornms such

as synchronous QWCGIW@W&WAWWM SEPhRIN#Te ARl CHRARIPISERAN)
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t he subj ect systusarsiedneldssignmenthdetskup sablas redatce theteto, voigump sdrasblingistdu@utespei ng
limted to, these ., any ot her il abl e .t 0 User , device 1000
S T ur Cher eafia PREKE"S Bl T SR ubBE s e A ismERRD 268 1015 1 ot

transmitter 1120 through transmit antenna 1108 to user devices 1104.

[0690} Fig. 12 illustrates an exemplary wireless communication system 1200.
Wireless communication system 1200 depicts one base station and one terminal for sake
of brevity. However, it is to be appreciated that system 1200 can include more than one
base station or access point and/or more than one terminal or user device, wherein
additional base stations and/or terminals can be substantially similar or different for the
exemplary base station and terminal described below. In addition, it is to be appreciated
that the base station and/or the terminal can employ the systems and/or methods
described herein to facilitate wireless communication there between.

[0091) Referring now to Fig. 12, on a downlink, at access point 1205, a transmit
(TX) data processor 1210 receives, formats, codes, interleaves, and modulates (or
symbol maps) traffic data and provides modulation symbols (“data symbols”). A
symbol modulator 1215 receives and processes the data symbols and pilot symbols and
provides a stream of symbols. A symbol modulator 1215 multiplexes data and pilot
symbols and obtains a set of N transmit symbols. Each transmit symbol may be a data
symbol, a pilot symbol, or a signal value of zero. The pilot symbols may be sent

conttnuously in each symbol period. The pilot symbols can be frequency division



-~k

transmts the nodul ated signal. [0088] Fig. 11 is an illustration of a
systém 1100 that facilitates coordination of comrunication protocols in
accordance with various aspects. System 1100 conprises a base station or
access point 1102. As illustrated, base station 1102 receives signal (s)
from one or nor &, pser devices 1104 by a receive antenna 1106, and transmts
to the one or nore user devices 1104 throygh a transmt antenna 1108.

[ 0089] Base station 1102 conprises a receiver 1110 that receives information
fromreceive antenna 1 agyg?d s operatively assocjated with a denpdul ator
1112 that  demolalaed FERE) gebosontidraueicadtvivenpaliples b QRS igeghgsion
anal yzed by a PHARBRRE! (Tﬂiﬁ)@‘irehm&yuﬁzisﬁﬁl%btﬁgtekéa EDVDIGY bad dibRidhat stores
information related to code clusters, wuser device assignnents, | ookup

t abl es rel at ed mhliplexed ((IMMyue scranbling sequences, and the like. A

nodul ator 1118 mul tipl ex the si I ansm ssikon b transmtter
1120 t hr ough trgﬂg%kt anf%ﬁﬁg“T%6§“?Eﬁhggﬁlz PELes 1 %W“F%US&F“EF&% 12
illustrates an ol iatynelor BlofSmalo Bigdals Rl fuftRersyhdiBonsy200 ampNidseliRgs
comuni cati on system 1200 depi cts one base station and one term nal for sake
of brevity. HowdddFequercyjugeqnyers thesmalogisignals ta graerate\adosiplinl signal spitablkdpude
nmore than one Rase:sicati Oli [ Of o Laal or
user device, mhereﬁ% aﬁﬁﬁ?Poné %g@%n%?éP%gﬁgggﬁ%?g@ﬂ?g%ﬂfﬁgﬁ@ﬁggﬁﬁggﬂﬁ
substanti al | y samiritema ¢22dioftlicctemmials.oAt ehmpinalel2dfpinanenia bl S s¢catventheand
term nal described below., In addition,. it .is to be apprec] at the
base station angg\g}lmgﬁhgn?leapﬁip}:pgfdeéaﬁecg% genql fua %“é‘t’%ﬁ'ﬁ'“g&g& ES l%ﬁ] hods
descri bed her ei Redepvef ait | 1402bRdiNbAsaL QS Silt&0EMpNfie R ah @ FreqRAEEIPIRICHBRAS) thO091]
Referring now to Fig. (12, on _a downlink, at access point 1205, a transmt
(TX) data proce&sgiredsam! mddigiizes the eandiioged sggble obfain wpplesy dssymiel
nodul ates (or  gymhpl 29 okl N | ] WoTamu-, S
("data synbol s" ? A agi/m o% Oﬁoiguﬁarg'g?&?gi@%%%ﬁg\gﬁ%ﬁd %tég?ie]g%gs %‘ﬁggéat a
synbol s and pi | piocssyord@b@ farnbannpl estimdiés. & yatbobdemaoaiialagy iPéd Rirthédx receiteo h
nodul at or 1215 | tipl exes data and pilot .. synbols and ains a set of N
transmit synbol EECI%H‘EW?HD&?FS 1?‘*‘@3%3? d‘?ﬁﬁ@}"%@"&‘ Pfgfeésors@%%(?f“?org‘s A2t
symbol , or a si g&addu¥adibhen B r&Rived ddliRymboIPto HYATPD@AtS sy HB0] BRInSRR (which are
continuously in each synbol period. Th%6$||0t synbol s can be frequency
di vi si on 051170¢gimatanef thepapsreitied datngymbols) od rmvides theqlaarymbel epligpighto an
mul i plexed (OFRM qayd frffe o o5 YRichBelrblibE 6k, (TR dehef UfRfidhiclled! den
mul ti pl exed (F , or coge divirsion

decodes the data symbol estimates to recover the transmitted traffic data. The

processing by symbol demodulator 1245 and RX data processor 1255 is complementary
to the processing by symbol modulator 1215 and TX data processor 1210, respectively,
at access point 1205.

[0093] On the uplink, a TX data processor 1260 processes traffic data and
provides data symbols. A symbol modulator 1265 receives and multiplexes the data
symbols with pilot symbols, performs modulation, and provides a stream of symbols. A
transmitter unit 1270 then receives and processes the stream of symbols to generate an
vplink signal, which is transmiited by the antenna 1235 to the access point 1205,

(0094] At access point 1205, the uplink signal from terminal 1230 is received by
the antenna 1225 and processed by a receiver unit 1275 to obtain samples. A symbol
demodulator 1280 then processes the samples and provides received pilot symbols and
data symbol estimates for the uplink. An RX data processor 1285 processes the data
symbol estimates to recover the traffic data transmitted by terminal 1230. A processor

1290 performs channel estimation for each active terminal transmitting on the uplink.



mul tiplexed (CDM. [0092] Atransmitter unit (TMIR) 1220 receives and
converts the stream of synbols into one or nore anal og signals and further
conditions (e.g., anplifies, filters, and frequency upconverts) the anal og
si.gnals to generate a downlink signal suitable for transm ssion over the
wi rel ess channels,,,fhe downlink signal is then transmtted through an
antenna 1225 to the termnals. At term nal ,}230, an antenna 1235 receives
the downlink signal and provides a received signal to a receiver unit

(RCVR) 1240. ver unjt 1240 ters, anplifi and
frequency dom?@ﬁg rts) ;yﬁ%c Sloéscl&ggéﬁ‘i L#%rfirle&a(ﬁg a?ﬁfot"lc?@?"iaﬁnﬁ%‘fﬁ?r 9f-dned
signal to obt ai gpepdtioh hescesd peIDIYS and @REHA P23 red @A BveaPt RidpactiVe gﬁﬁegsu@d

symbol s and prOV|des received pilot synbols to a processor 1250 for channel

estimation. Synbd0 g rlr%ﬂlﬂaatbé assporasd misthipgapory aids Welkshgwny thalbtnse BEPETES pons e
f h | |
estimte for t c‘?o&]gQM dalK Pro@ReoR %@8%&?5 shaafl als nggflff St F@gtaﬂo?s&ﬁ'a@% ation

on the received ta sy olstoo tain data sy es Ich are
esti mat es of t hiredvearysmid impusci@sponsyestiolaey foralmilmmh\andidmmﬂimk deteatiwlyrbol

estimates to an data roce 1255, which d . nbol
demaps), deint e[rqogév zt&g‘ii@?estS%S‘ﬁﬁt(%\g sgﬁ% @@%&&@gﬁf’ﬁé@ver
the transm ttedegts, aﬁ.fm,sae %ﬂmals@@ﬁtraﬁhﬁ@&‘ﬁ&lrf&tl?ﬁn M HAhk ORGTREMH Adylemldd5 and
RX data processor 1255 is conplenentary to the processing by syrbol

modul at or 1215 il sqbardstraaydresbared emou&filﬁerenblsp@o@lsv@ht‘ychan@tl cHiien poi nt
1205. [00931 On, [:ﬁh‘?%dég@ P'Be u%cﬁ&( n%@% @h&éﬁ%}?@yf&f&é@? 9&%%%%&11 t}u ¢ data

and provides da recerves and |plexes
the data sy nboknmre/\o;ielmtmg Ibadid (wmﬂﬂjw sxcepiefiof te bendaiged)atudhing piknebbpaal/i des a

stream of synbols. A tter unit 1270 then recei ves and r esses the
stream of symboP&IciEe ‘dB‘HaSS\F irghle to,nptpin fregpengy diversiy é”F‘F%lH 'g“f ed by the

antenna 1235 t OebiM @Q@é&%ﬁb&ﬂiei’én 49 Be imhpl8Bddied by RERESMeRR! Bbr ckdfipic, ihBﬁ
upl i nk signal from?erm nal 1230 is received b t he antenna 1225 and

processed by a feelnques mayhp implementedindtardyyare, sefiipirer asombivpinn thereefo dier at or
1280 t hen proce and
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t he data synboim;ﬂaﬁenmhe;smh Omfmamelapplhmidﬂ@éénﬁcnd&g&aedaflﬂ:nﬂmﬁﬁléd) tigital
term nal 1230. A pr ocessor §B§ g‘erfor channe S r@b on for e h active
termnal transniBta REPOEOT KRS qigHal sigad prgessing @@955(51) GEQE‘W’%“‘ %0 and
1250 direct (e. ghoic feORbS @LDsSE felaPro@hBmabBRAE GrrafRl(FPGAs), processors, controllers,

micro-controllers, microprocessors, other electronic units designed to perform the

functions described herein, or a combination thereof. With software, implementation
can be through modules (e.g., procedures, functions, and so on) that perform the
functions described herein. The software codes may be stored in memory unit and
executed by the processors 1290 and 1250.

10097} Fig. 13 illustrates a system 1300 for selectively partitioning control and
data fields of a data transmission in a multi-hop wireless communication network.
System 1300 is represented as functional blocks, which can be functional blocks that
represent functions implemented by a processor, software or combination thereof (e.g.,
firmware) and can be included in a wireless apparatus or other device.

[0098] System 1300 includes a logical module 1302 for ascertaining an
encoding time and a decoding time division. A logical module 1304 for locating a
control field within a frame can make a location determination based in part on the
ascertained division between the encoding time and the decoding time. The location of

the control field can be at the front of the slot, in the center of the slot, offset (left or



operation at access point 1205 and term nal 1230, respectively. Respective
processors 1290 and 1250 can be associated with nenory units (not shown)
that store program codes and data. Processors 1290 and 1250 can al so
perform conputations to derive frequency and inpul se response estimtes for
the uplink and downlink, respectively. [0096] For a nultiple-access system
(e.qg., FDVA, OrRisMAo CDVA, TDMVA, etc.), nultiple termnals can transmt
concurrently on the uplink. For such a sysbem the pilot subbands may be
shared anong different term nals. The channel estimation techniques nay be

used in cases V\A;%.,ﬁ n | tire
operating band )gg%r{): c%{l(lg{a(g?h%) ‘? ?‘ﬁgég&t@ﬁﬁg Egﬂ‘écg%dﬁé gl ot 'subband
structure woul dlotﬂelod&amthlahﬁaeslato obtain frequency d| verS| ty for each
termnal. The ni que des ed her ei nte va us
means. For exan@ﬁ%ﬁ t hes So‘[lg dﬁé%“er%;l/ﬁg)ec ‘?ngaﬂgﬁog%srgog
software, or a temmcmagtm@ebmﬂ@efaaﬁmoE&;p@t;oﬂarizmrr@mMn&Hmm@m@mo the
processing units used for channel estination mpl emented within one

or nore appl i cataréRnsspepiovide betier daensy eerfermanes wéle(me‘ﬂe@; adegiugfe PricessBiggnal
processors (DS %%%30? 's&#e&fﬂln Sé&@&ﬁhg}%g g]?c%ﬁl Adﬁ) fcgl'%ﬁo#gggﬁ)for sgfegthe bl €

| ogi ¢ devi ces ( progr e gate aFrays roce
controll ers, ninclnding embmt@ipagirg reqnese copisodessduded. @stnfmnc:pitmcytremsmgm ts

designed to perfo m t functlo esc erein, or. a t|o
theroof- Wth SHEP E’%"‘i‘ HEBeE L 18 e o g © BY5PRLRATIRR Lﬂfggld% °rgsp
procedures, fungntenNtoeld. as\@tedP1700)cat B3S m@ﬁnﬁé QidBidaNBodil16' 110 BPGecd@ng bk bed
herein. The software codes maé be stored in menory unit and executed by the

processors 1290AgKdnd sgog the ps # ignpli¢ig raquesy farrefoBsess syst em 1300 for

sel ectively p?‘r[g%[g@”i N9 KPR gﬁe 204ke eg?ér@exfal%;glf%(%qﬁpfgsg e%néfoﬁ&%@?:ﬁﬁh@” in

a multi-hop wir communi cati on ne I'S represente
functi onal bl ockegncodingtime amd bdechding timeriidisibi, mdlich dah bt logicapmeddat 3(R2umet i ons

i npl enented by a ro sor., softwar.e .or. i nation. thereo e.d..,

[ Frvar o) and cAFEHS 1A CPTHEL G S M et iuPigy org b e itedce.
[ 0098] System 130Qioh %@M&Q@ﬁ]e%nédaﬂngﬁﬁe Peane) &ca&%nﬁu@rwﬁ@we@t&n €] n¥dule
encodlng time and a decoding tinme division. oglca1 nodul e 1304 for

| ocating a conti08l It samecEmiiodimantsaa fuirgless marawakel dsq iggluds vmeanstferdividigi on
D P, B s BBRGHO SR TP SR ARETER 8 fRaore [
slot, in the cetinéde achicanhfeor sdlativelgfiicheling dnefnticipatoBatduést, bich can be logical
module 1308, and a means for decoding an ACK and using the ACK as an implicit
request for resources, which can be logical module 1310.
[00101] It is to be understood that the embodiments described herein may be
implemented by hardware, software, firmware, middleware, microcode, or any
combination thereof. When the systems and/or methods are implemented in software,
firmware, middleware or microcode, program code or code segments, they may be
stored in a machine-readable medium, such as a siorage component. A code segment
may represent a procedure, a function, a subprogram, a program, a routine, a subroutine,
a module, a software package, a class, or any combination of instructions, data
structures, or program statements. A code segment may be coupled to another code
segment or a hardware circuit by passing and/or receiving information, data, arguments,
parameters, or memory contents. Information, arguments, parameters, data, efc. may be
passed, forwarded, or transmitted using any suitable means including memory sharing,
message passing, token passing, network transmission, etc.

100102} For a software implementation, the techniques described herein may be

implemented with modules (e.g., procedures, functions, and so on) that perform the



right) fromthe center of the slot, or the control field can be divided and
placed in two locations within the slot. [0099] Also included in system
1300 can be one or nore |ogical nodules 1306 for dividing the control field
into two portions. Dividing the control field into two portions can provide
better | atency @ershor mance whil e providi ng adequate processing tinme for
schedul i ng, encodi ng, and decoding. A |ogiegl nodule 1308 for selectively

i ncluding an anticipatory request can also be included. An anticipatory
request m ght : J ‘E%ﬂﬁ: g f S i | Sl ] i 0 second
portion of a di@?ggﬁggéﬁgp |tge"lcl:'opt?er%’FI |er1£08éslr§$ stées%’ﬁ@&ﬁ%ﬁ%yapg%&?ncl ude a
| ogi cal nodul e &3d@ed by prdessems.nfheamem@@Hina m:y s iimpiemeated@iKhashaprocespdrioci t
request for resourCEﬁ.g%OOlOO Forheﬁagqgl.e, ﬁ wirel ess.agpar@t%ls an
conprise a mean®$ §BF 'ANEEFIEISHT MW MEH CURESEN RE CYTREVSHE CY GBS foﬁgeti e

di vi si on, whi chpeadsd?ehrb@d vadibudMedis Qs k3@dwn afle a. Neans for locating a
control field wthin a frame based in part on the ascertained division

bet ween the encl®§1®Y ti Mhﬁﬁaa&mné%a&dﬁoww@,udmxgmp@aﬁfwww%m nodul e
1304. In sone e i A M - I L ns for
divi ding the ORPRLTE. 2 i oflobR Ge pARB BUR AP AR el DEAmArIRE T o
1306. Al so i ncl ofdethposais denahadelgies farpugekaalf idvsetiping niel aickementaomed

Gocodi g an’ ACEHb e oo Shesbracy Sl T MMy bihies hahga, BEay ceo.
whi ch can be | ogirsthaidRéat depetidi@iionls QP ¥4Heus Ehbbdimbs BR ponsiaE ShesihfHating he

enbodi ments described herein may be inplenmented by hardware, software,
firmware, mn ddl desemted embedigenyare igtendgsto cmbrpse plhsuch plteraons onodifipaiions anst

Systerms andl or VELIGHSNATA bR A Ednk ©:oBObS Bk Soenald AUTHE! ForiEhfidequar e of
m crocode, program code or code se rrenfls, ey be  stored in a

machi ne- r eadabl therE@nithat tiseuehn dacladst onageineithpaheddtailed dewdpticegnent My
represent a procedure, a functi 8nd 3@5&8@0 ram a program. a routine, a
subroutine, a NBEE ehErads infeed (peRagwvedn @ mpaorer sypiarto the IS nat i on of
instructions, dedomprighbtsd CoRprisiRg” iPIMApRIBISHRH GABIYEd ash €RHRIORAWTRNI 4TRY be
coupl ed to another code segnent or a hardware circuit by passing and/or
recei ving i nforp@t.on, data, argunents, paraneters, or menory contents.

I nformati on, argunents, paraneters, data, etc. may be passed, forwarded, or
transmtted using any suitable neans including nmenory sharing, nessage
passi ng, token passing, network transm ssion, etc. [00102] For a software

i npl enentation, the techni ques described herein may be inplenented with
nodul es (e.g., procedures, functions, and so on) that performthe



051170 26 functions described herein. The software codes may be stored in
menory units and executed by processors. The nenory unit maybe i npl enented
within the processor or external to the processor, in which case it can be
comuni catively coupled to the processor through various neans as i s known
in the an. [001Q3],;0\hat has been descri bed above includes exanpl es of one or
more enbodinments. It is, of course, not poggible to describe every

concei vabl e conbi nati on of conponents or nethodol ogi es for purposes of
descri bing the af orenentioned enbomlﬂﬂﬂél Eﬂh one of ordinary skill in the
art may recogni ze that many further co ns and permutations of
various enbodi nents are possible. Accordingly, the described enbodi nents
are intended to Whhisadgnmebls:such alterations, nodifications and variations
that fall within the spirit and scope of the appended clains. Furthernore,
to the extent that the term"includes" is used in either the detailed

description or tie ol @bdiBd for 4el chBThictidn EGRUS ,Bto be inclusive in a
manner similar to the term “conprising” a$ "conprising" is interpreted when

enpl oyed as a transi tetemahmgartung division bktaicen ai0&kddi0g Aihe aGl AdddSdinghinte; aisd
clained is: 1. A neth d fo ata co S determning.a
time division betweei’ %ﬁ%w Qd’ fowct%n#éeﬁ(gwﬁg@é‘ % 4 Prg’mgﬂal J&“&FBE?&‘M y
pl aci ng a contralmddiekidnW thin a frane based in part on the determned tine

division. 2. The nethod of claim1, selectively placing a control field
further conprising: placing the control field right of a slot center if the

decoding tine isy | ongg B of EAER ' #ﬁﬁH field

| eft of the slot cente%nkpé 3 HeCOSQQQﬁ n@bﬁﬁ%g & g?ﬁ?ﬁ& f odi ng

time. 3. The nethod cpfacmealnemomrolsfmlhbught\oéhylopdceanmrnfghaderocﬁngumeﬁs lehgkrihant her
e _con

brovi ding a r equetirepias (s o Bk fe e Biol s og e ARk ik IERE BHBRETT ¢ ne

control field. isshorter than the encoding time.

3. The method of claim 1, selectively placing a control field further comprising:
splitting the control field into at least two portions; and
providing a request field as part of one of the at least two portions of the control

field.

4. The method of claim 1, further comprising:

dividing the control field into a first portion and a second portion;

placing in the first portion of the control field at least one of a REQUEST, a
PILOT, and a control information; and

placing in a second portion of the control field at least one of a GRANT, an

ACK/NACK, and information relating to assignment of resources or decoding outcome.

5. The method of claim 1, further comprising:
decoding an acknowledgment sent by a node at a prior hop; and

using the decoded acknowledgment as an implicit request for resources.

6. The method of claim 1, wherein the control field comprises a request field, a

grant field, and an acknowledgment/negative acknowledgment field.



4. The nmethod of claim1, further conprising: dividing the control field
into'a first portion and a second portion; placing in the first portion of
the control field at |east one of a REQJEST, a PILOTl, and a control
information; and placing in a second portion of the control field at |east
one of a GRANT, 070 ACK/ NACK, and information relating to assignnment of
resources or decoding outcone. 5. The neth of claim1, further

conpri sing: decoding an acknow edgnent sent”“by a node at a prior hop; and
usi ng the decode)d ackpow @dg nt. as .an inplicit request for resources. 6.
The method of cl’ai m FMe TREPEPHClpiFLL. EWtiter 6PMPH#IZ conpri ses a request field,
a grant field, and gieaakn®Whedl i fiqld. 051170
28 7. The method of cl_aim% fuﬁfﬁga{cg?ﬁﬁl%cg@hﬁfﬁggﬁﬁﬂlgﬂﬁ%emgt her to

pl ace an anti ci pat or plagiag thesnti¢ipatetyaedquestrie thedfrasheiyactrangmittieg wovk ibased an oley
request in the f m.tting node based on the anticipatory
request determ ﬁéﬁaﬁﬁé&]%ggﬁnﬁn %u Yof claim 7, if the determ nation

i ndicates the anticipatory request should not be placed in the frane, the
met hod further conprising: &iet er.m ni_ng whet her to place an additi onal
request field i® the 8erBEhad pbiltifbh tighe detgranpasiop irdicatss dhepntigipglonyevrst ng t he
addi tional requ L&l - 1Lt n the additional
request field dgtﬁtgeur]énhﬁell)g ip%?&lg?hérﬁgﬂéﬁge}%gﬂg% ﬁ@ﬂ%%ﬁ%ﬁgflg t he determ nation
i ndi cates the additi deterimiripgwdstherftb plade ars iblitiaralvoquesefighil actbel sdcond petisrecfond
portion of the ntrol. field, the method further conprising nonitoring an
inplicit requesﬁf?ebcfnﬁmr%itgiag ng node. 10. An apparatus for data

commruni cati on, conpr ikivdihg the dddinpiatdieki fd Bpde kiéndniAing dolebatdastha ti ne
partition between_an encodi n_gJ time and a decoding tine; and a sl ot

pl acement nodul @9¢iHanal rgpest Helddstepnizeidtent of the control field within a
frame based in part on the determned tinme partition. 11. The apparatus of
claim 10, the slot placenment nodul e places the single control field right
of a slot cented.if Themddoddf dent$§.nfethe detbromppsion tinvheatashie: aldtodalnegquestfelidr

| eft of

should not be placed in the second portion of the control field, the method further

comprising monitoring an implicit request by a receiving node.

10. An apparatus for data communication, comprising:

a time partition module that determines a time partition between an encoding
time and a decoding time; and

a slot placement module that determines placement of the control field within a

frame based in part on the determined time partition.

11.  The apparatus of claim 10, the slot placement module places the single control
field right of a slot center if the decoding time is longer than the encoding time or left of

the slot center if the decoding time is shorter than the encoding time.

12.  The apparatus of claim 10, further comprising an implicit request monitor that
monitors an ACK/NACK field from a sending node and considers the ACK/NACK

field as a request for resources.

13.  The apparatus of claim 10, the time partition module splits the control field into

two portions and locates a request field in one of the two portions.



the slot center if the decoding tine is shorter than the encoding tine. 12.
The apparatus of claim 10, further conprising an inplicit request nonitor
that nonitors an ACKINACK field froma sendi ng node and consi ders the

AGK/ NACK -field as a request for resources. 13. The apparatus of claim 10,
the tinme partitjspp,nodul e splits the control field into two portions and

| ocates a request ?leld in one of the two pgrtions. 051170 29 14. The
apparatus of claim13, the time partition nodule places a REQUJEST and a
PILOT in a first portion of the divided control field and places a GRANT and
an ACK/NACK in a second portion of the divided control field. 15. A

conmput er readablse neEmhedppdi@us H1EMABEte HRRMAANIOR MRTAUIY aceX£RBQUNSTE and a
instructions for _data comunjcation, the instructions being configured to:

determ ne a ti mBL&VN&ifsH PBEW@EWC%“MCC@HWH‘CNWP&%IS& Mgt i me; and
selectively Pl akermACOR!A Alecbh®hotiish bithBaRideli 20 PAZRC 11 part on the

determ ned tine division conput er e nmedium of claim15, the
i nstructions further being conflgured t o: place the control field right of

a slot center if.the deco nger t the en odln nme or

ot ng the: cont ol A gt e PR et Perep EBP g T o |
shorter than thgsareaes Beddd fRnmbnkcalidg, (ROMPEEONY fguredioym of cl ai m 15,
the instructions further being conflgured to: divide the control field into

a first portion and dgtesmigndimsolivisign bettisen anrrcedingiinn ende decadig tigengnda
request field as pard.qf veEW@aJe' d %bua%‘id &ﬂmﬂfa f.ta'PA% b%g’éahi(%) gén {%’lh g.'e%etenﬁ'lﬂ

decodi ng an acknow e gnent a node at a prior using t
decoded acknow wdgdeisionas an inplicit request for resources. 18. A
processor for data conmunication, the processor being configured to:
determne a time division between an encoding tine and a decoding tinme; and

sel ectively pl agd ng EheGompiitet rehdBlcdmWdithionclainf 1R iRARLGorsTuldik beipg t he
determ ned tine division.
configured to:
place the control field right of a slot center if the decoding time 18 longer than
the encoding time or placing the control field left of the slot center if the decoding time

is shorter than the encoding time.

17. The computer readable medium of claim 15, the instructions further being
configured to:
divide the control field into a first portion and a second portion; and
perform one of:
providing a request field as part of the first portion of the control field;
and
decoding an acknowledgment sent by a node at a prior hop; and

using the decoded acknowledgment as an implicit request for resources.

18. A processor for data communication, the processor being configured to:
determine a time division between an encoding time and a decoding time; and
selectively placing a control field within a frame based in part on the determined

time division.



051170 30 19. The processor of claim 18, the processor further configured
to: "divide the control field into a first portion and a second portion;
place in the first portion of the control field at | east one of a REQUEST, a
PILLOT, and- a control information; and place in a second portion of the
control field a55|ﬁ€5t one of a GRANT, an ACK/ NACK, and information
relating to aSS|dﬁ nt of resources or decogj ng outcone. 20. An apparatus
for data comruni cation conprising: nmeans fof” determining a tine division

bet ween an encoding tinme and a decoding tinme; and neans for selectively
placing a control field wwthin a frame based in part on the determned tine

division. 21. The apas aobSsdiof Elafth 18,30 protdst P ehreP BRAedicddo: Means for
dividing the control field into two portions; and neans for selectively

i ncludi ng an anti ci pdtvisdeyhe engtrekfield mtwla freshpertibwanddessodtidppriaom; ACK and usi ng
the ACK as an inpli Cipltacé’ RINERL: ;f)o%on StROEnES rield at least one of 2 REQUEST, a
PILOT, and a control information; and
place in a second portion of the control field at least one of a GRANT, an

ACK/NACK, and information relating to assignment of resources or decoding outcome.

20.  An apparatus for data communication comprising:

means for determining a time division between an encoding time and a decoding
time; and

means for selectively placing a control field within a frame based in part on the

determined time division.

21.  The apparatus of claim 20, further comprising:
means for dividing the control field into two portions; and
means for selectively including an anticipatory request; and
means for decoding an ACK and using the ACK as an implicit request for

TESOUTCES.



