UPLI NK DELAY BUDGET FEEDBACK CROSS- REFERENCE TO

RELATED APPLI CATI ONS [ 0001] This application clains
wob@dbensdit of U S. Provisional Patent Appli ceCT/082009/033105

Serial No. 61/026,046 entitled "UPLI NK DELAY BUDGET

FEEDBACK I N LTE" which was filled February 4, 2008. The

entirety of the aforenentioned application is herein

i ncor por at ed byyPEIRKEDEEA YBACKEIOUNPHDBACH d [ 0002]

The follow ng description relates generally to
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and/ or data can be provided via such wreless
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Wi th one or nore base stations via transm ssions on

forward and reverse links. The forward link (or

g]?vml hnklz rrlelf rs to the comunication |ink from base
ati ons ¥8"8Ccess terni nals, and the reverse link (or

HW0BK) 1 efadifSesk @otnRRimGato Ws@eﬁtﬁs’ 08 widdk déployadas pesde various
termpals to base stations. This comunication |ink
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[0004] Generally, wireless multiple-access communication systems can
simultaneously support communication for multiple access terminals. Each access
terminal can communicate with one or more base stations via transmissions on forward
and reverse links. The forward link (or downlink) refers to the communication link
from base stations to access terminals, and the reverse link (or uplink) refers to the
communication link from access terminals to base stations. This communication link
can be established via a single-in-single-out, multiple-in-single-out or a multiple-in-
multiple-out (MIMO) system.

[0005] MIMO systems commonly employ multiple (N7) transmit antennas and

multiple (Ng) receive antennas for data transmission. A MIMO channel formed by the

Ny transmit and Ng receive antennas can be decomposed into Ny independent channels,



I ndependent channel s corresponds to a di nension.
Mor eover, M MO systens can provide inproved

w@egoboearamce (e.g., increased spectral effici ePCHUS2009/033105

hi gher throughput and/or greater reliability) if the
additional dinmensionalities cBeated by the nmultiple
transmt and receive antennas are utilized. [0006]
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anot her access termnal. [0008] In Long Term Eval ution
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station.. The. hase station ca tain know edge of data
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can schedul e uplink transm ssions for the access

Liewilseahn aavessubmiingl @ alansryit dita Be theibeee §tQu®) or another access
{ee ui rements. To schedul e the access term nal,
tBack related to buffer information can be provi ded

[BooBhe accasBodgT Yol M H) BaLdSH MOk bdsB station typically
general, nore up-to-date and accurate feedback can
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transmissions for the access terminal to fulfill Quality of Service (QoS) requirements.
To schedule the access terminal, feedback related to buffer information can be provided
by the access terminal to the base station. In general, more up-to-date and accurate
feedback can lead to the more efficient scheduling. However, a tradeoff can exist such
that as more feedback is sent by the access terminal over the uplink, more uplink
overhead can be utilized.

[0009] Conventionally, an access terminal can notify a base station about data

arrival and buffer size using a Buffer Status Report. The Buffer Status Report can



arrival and buffer size using a Buffer Status Report.
The Buffer Status Report canindicate an anobunt of data

WO eqoaiteraso i n a buffer associated with the acceRGI/US2009/033105
termnal to be transmitted to the base station.
Moreover, a prioritized bit rate (PBR), which is an
average guaranteed rate that a service will receive
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identify key or critical elements of all enbodinents

nor delineate the scope of any or all enbodinents. Its

sol e purpose is to presenguapvgrgpncepts of one or

nore enbodinments in a sinplified formas a prelude to
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and/ of utilization of uplink delay budget related

incendbd ickndithenidgntify kes or enneal alcownised alpwibodimants norglelineate the
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determ ned. Further, a portion of a Medi um Access

thehismersepivhByictheader (e.g., two reserved bits, . ..)
FRTEE "L O RO AR Bl AR i
cleawre therddievadd@s hspads arccdctilesd in connection with facilitating signaling
and/or utilization of uplink delay budget related feedback in a wireless communication
environment. A lowest delay budget associated with a most urgent Radio Link Control
(RLC) service data unit (SDU) retained in a buffer of an access terminal can be
determined. Further, a portion of a Medium Access Control (MAC) header (e.g., two
reserved bits, ...) can be configured to carry a code related to a delay threshold

corresponding to the lowest delay budget. Moreover, the MAC header can be

transferred to a base station. The base station can detect the code carried by the portion



transferred to a base station. The base station can

detect the code carried by the portionof the MAC
wheadaooisand a del ay threshold can be det er m neCI/ES2089/033105

function of the detected code (e.g., utilizing a radio

bearer specific mapping). Accdrding to an exanple, the

access term nal can be schedul ed for uplink

bf B A € Heddber 2tdar ddliiCthi@Rol@fcat Be détetndivied by £felich of the

%0013 Accor di n to rel ated aspects, a_ nethod that

alested pased s 2puEliriaE agadin DRHRT RSFlP TRANDIED. ASERIHHIEKO ifh
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corresponding to a delay threshold associated with the lowest delay budget. Further, the

wireless communications apparatus can include means for sending the MAC header to a
base station.

[0016] Still another aspect relates to a computer program product that can
comprise a computer-readable medium. The computer-readable medium can include
code for identifying a Radio Link Control (RLC) service data unit (SDU) with a lowest
delay budget from a set of RLC SDUs retained in a buffer awaiting uplink transmission.



code for identifying a Radio Link Control (RLC)
service data unit (SDU) with a | owest del ay budget

wo e@aiien1set of RLC SDUs retained in a buffer amel/us1eg9/033105
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based at least in part upon the delay threshold. Further, the wireless communications

apparatus can comprise a processor, coupled to the memory, configured to execute the
instructions retained in the memory.

[0020] Another aspect relates to a wireless communications apparatus that
enables obtaining delay budget related feedback from an access terminal in a wireless

communication environment. The wireless communications apparatus can include
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communi cati ons apparatus that enabl es obtaining del ay
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wi rel ess comruni cati on environnent. The w rel ess
conmuni cat i ons apparatus can bncl udeneans for
recei ving a Medi um Access Control (MAC) header from an
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one or nore enbodl nents conpri se eat ur
theesholdaf ter ful |y descri bed and particularly pointed

t _in the_cl ai The fol | ow descri n angd the
ﬁﬂ'ﬁéked dr ng?.[rgigtﬁ% agcopplislyment 0?%16 foregolng an relateg ends, the one or
more embodiments comprise the features hereinafter fully described and particularly
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herein detail certain illustrative aspects of the one or more embodiments. These aspects
are indicative, however, of but a few of the various ways in which the principles of

various embodiments can be employed and the described embodiments are intended to

include all such aspects and their equivalents.
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DETAILED DESCRIPTION
[0034] Various embodiments are now described with reference to the drawings,
wherein like reference numerals are used to refer to like elements throughout. 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 embodiments. 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 one or more embodiments.
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uplink.

[0037] Single carrier frequency division multiple access (SC-FDMA) utilizes

single carrier modulation and frequency domain equalization. SC-FDMA has similar



t hat uses E-UTRA, which enpl oys OFDVA on the downlink
and SC- FDMA on the uplink. [0037] Single carrier

w0 e@guensy division nmultiple access (SC- FDVA) RET/UE26%033105
single carrier nodul ati on and frequency domai n
equal i zati on. SC-FDVA has sinDl ar performance and
essentially the sane overall conplexity as those of an

PR a8 ysirRingsstidly HoMAmSiogBall dBapldx@yaE those of an OFDMA
peak-to-average power ratio (PAPR) because of its

skt eNtS(SFRYIA sieapl has fowerngakte-aversge g retin(PRd’R) because of
SR ad DA Srishfley P COTPILE BRI 5 i
o min AR S0 s vﬂmrowef PAPRegrestly U&@l@ﬁfsdlcli@k yermSE HvneaT

be i npl enent.ed as an upl.ink e access schene in
wrﬁéf?%myoﬁﬁcpwﬂpg@ﬁg 5%&11125?%@@%@ apagyplink
gltam 1E 4R BschMAL imPﬁﬂngwe@ﬁtéomﬁ@n FdrRRQAIRANEITA

onnection wth an access term nal access
{0838 nal cEmrtladrmoreb gagals|eathbodirsgss amdesmﬂ»sd hedoar ingonegction
subscri ber st at nnbl e station I , renote ) )
SRR o greesy (spprl {Bp Pt termpl s ik Pecled s sfSOR! Sibscriber unit,

§1ﬁfs HikiatibRIBER statith! ALBSS r&ANRURLBALLRABIABNAIAEL mobile
user agent, user device, or user eqU|pnent (UE). An

desdess gsardermingd) teainaly @f@lecséwmlinamcﬂemeiﬂvmeusea agent, user device,

%or dl eslﬁ%t%l%ﬂt?@%&ﬂ gglaggegss e(sgl@gr}nal ;:%I te a? %@ar?%lgéh%glﬁ a %ordless
Wpﬁ@ﬁ@a Stk gbit Blitiaai PEb@Bb] (Sﬁ%hon@ aha;m@lb\s@ll@tad RIOPIWLL)

havi ng wirel ess connecti on cap

tfaliors @ persengtdigital pysiéand §F1AQ), d’ehﬁiné]éelé 6ﬁﬂé‘%:’tl?é’éln& wiqraless
SULSL SRS PRARD. ARSI ) U3 ORI TBRGR, oo

b/asksssmatie:mn l\mtémkee, smhbhs gabbdiments arendeneritaddihreeimirt donnection
ess termnal (s) and can_al so be referred to as an

é&?%%ﬁ?ﬂn g stetioprgn be yliNgddopcqamyHis NSy 1R geress
fé'ﬁﬁﬁfal E)ee[n@ ARLAGYe réRQ3P10 a}éadrn' 25 g&ﬁ? NS, ﬁv%ﬁteﬁrl\?o%le B

descrlbed herein can be I nplemented as a met’hod
eYvelcBY aissonr otherttembivology.manuf act ur e usi ng st andar d

amm ng, and/ or eer t echni que The rm
g9l e et hest el iatiRd Redi i vifliisiodgs o
BRABAPAHAratusC OMRHUERIOf PR GG LS Sthid28d f)fc%iﬁrﬁﬂ}hg and/or
conput er - readabl e device, carrier, or nedla

engargsriag tesbmguese rTheeta@a Particlewed imany fatuire s ided hﬁr@maa% wmtended to
%S)c:toglplag tgon;/(g ger ngggrgﬁll LSkl ﬁgrn a%¥ Ic&?@ tgeF rc%d?bllé] %che carrier,

magneti c Strips;

ot Bkia( Eoﬂexanqﬂémaﬁlbuﬁt—ﬁéﬁdéﬂ@nediﬁ @ntiadludesigatd hat lighigl to
(DVD), etc smart cards, and flash nenory devices

{I}@g@etlc sgppgg\glevggﬁ -8 shard Kilskkﬂgpp:yr digke magpetiq strips, etc.), optical
éﬂgé %r or Ct dﬁ:ﬁ @5‘)3 nﬁtgf %&tlﬁ@@l‘sl@ﬁ%?%ﬁf%%ﬁgrrlﬁﬁrcgf(ﬂ, and flash

can nt one or vVices a

maobirnésveaddhp e BERBAIN, daod, sstlgrkiendrivafear. yreAdditionallyevarious
gtggag]e rnm?l Aescrlge%%%?e?rll gan”r%g}elééﬂt o%g gr more devices and/or other machine-
readable media for storing information. The term “machine-readable medium” can
include, without being limited to, wireless channels and various other media capable of
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[0040] Referring now to Fig. 1, a wireless communication system 100 is
illustrated in accordance with various embodiments presented herein. System 100

comprises a base station 102 that can include multiple antenna groups. For example,
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[0042] Each group of antennas and/or the area in which they are designated to
communicate can be referred to as a sector of base station 102. For example, antenna
groups can be designed to communicate to access terminals in a sector of the arcas
covered by base station 102. In communication over forward links 118 and 124, the
transmitting antennas of base station 102 can utilize beamforming to improve signal-to-

noise ratio of forward links 118 and 124 for access terminals 116 and 122. Also, while
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contemplated that any number of access terminals similar to access terminal 202 can be

included in system 200 and/or any number of base stations similar to base station 204
can be included in system 200. According to an illustration, system 200 can be a Long
Term Evolution (LTE) based system; however, the claimed subject matter is not so

limited.
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[0048] Data to be transmitted by access terminal 202 can be processed prior to
being retained in buffer 206. For instance, compression and/or ciphering can be
effectuated upon the data at a Packet Data Control Protocol (PDCP) layer. Further, the
data can be formatted at a Radio Link Control (RLC) layer. Upon being scheduled for
uplink transmission, the RLC layer can provide reliable layer 2 transmission of the data

(e.g., the RLC layer can mitigate error(s) introduced at a Physical (PHY) layer during
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P tethit formats @QTEJium Access Control (MAC) header based upon the value of the

head-of-line delay budget as yielded by delay budget reporter 208. For example, MAC
header generator 210 can configure at least a portion of a MAC header to include at
least one code corresponding to a delay threshold for the delay budget yielded by delay
budget reporter 208. Each MAC header can include two reserved bits. These two
reserved bits can be utilized by delay budget reporter 208 to indicate a delay budget to

base station 204. For instance, MAC header generator 210 can set values for the two
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[0053] As a result of the foregoing, base station 204 can continuously receive
up-to-date delay budget information of a most urgent RLC SDU from access terminal
202. Based at least in part upon the up-to-date delay budget information at a given time,
scheduler 214 can assign uplink radio resources to access terminal 202 (and/or any
disparate access terminal(s)). For instance, scheduler 214 can prioritize access terminals

including access terminal 202 based at least in part upon the delay budget information.
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[0056] Access terminal 202 and base station 204 can each further include radio
resource control (RRC) (e.g., access terminal 202 can include RRC 302 and base station
204 can include RRC 304, ...). RRC 302 and RRC 304 can each be part of the
Universal Mobile Telecommunication System (UMTS) wideband code division

multiple access (WCDMA) protocol stack and can handle control plane signaling of
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thresholds 306 to set values for two reserved bits included in a MAC header to
correspond to a delay budget as a function of radio bearer. The MAC header can carry a
logical channel identifier (ID), which is one-to-one mapped to the radio bearer.
Moreover, delay budget feedback evaluator 212 can determine the delay budget based
upon the values of the two reserved bits included in a MAC header received from access
terminal 202. For example, delay budget feedback evaluator 212 can recognize the

logical channel ID carried by the received MAC header, determine the radio bearer that
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providing uplink delay budget feedback in a w1reless communication environment. At
402, a lowest delay budget from a plurality of Radio Link Control (RLC) service data
units (SDUs) can be determined. A delay budget can be a maximum amount of time
remaining for an RLC SDU to be retained in a buffer without being sent over an uplink

prior to exceeding a corresponding delay bound. For instance, the lowest delay budget
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(comeassodiatbdyvith tlyepstoage & L& HioBdwithin 4 mélmledaeﬁy buddée delay

orrespands t nsn1tted t
IpEho iR TR RARR: dr4sRD ainSenlt IS TR S SHET Rhgdet! For
exaaifde, 8ralueh 6f 1howrs tresdBled Whith YagBE sct atcotding &swwm@hlﬁ@g delay
nost urgent RLC SDU within a radi o bearer. [0063] At

bgrdget of papstiwacvRLE Mab) tbaﬁ inpelaseludgshinragiurepnbpnifenRiock.
RS SR 6% B I i Palher P A RSS! RO -

Hﬁbvayn telahg ehireshBls WAy c@cfes éx g £C headevesentd basahiegd..) can be

bits two reserv bits, . ..) in .the MAC header
1055%5 goeﬁel%owmefetoﬁg Eeésst MrQen & rdncpkﬁwl% Hethe MAC

h@a\ﬁglstAg&lrﬁ)é%%JQgS@an{p% Qach AARWhAL 8h ¥i ﬁs@o&gt%d W?t%ta respective

ur gent hi'n a radi o bearer, . .
deppmgbhwﬁshdﬂdydanﬂbkmamdan¢s ﬁﬁl@ﬁh@yxﬁm@g@nga$hamnngﬁnw

d he | t del bud F
U1 HESPalL R TR reipr e e e Fag o desdE A C Rt Fserved
b Kf@ﬂu@d ngn°del ’aMODLﬂqg et )@fm Be E@ﬁigu%d%rﬁRBLpgr 2t bdagdr.

is not included in a current Transfer Bl ock. Nbreover,

Eolﬂmptpg tlys cxargple, alegigakdhaner! idwficyghatid oby-to-ae mapped to a
h&T &ﬂr %dloaoeare carf\ﬁRcf%lud d i t)ne IR/?A&% e‘%ealm%y 5aﬂ1§u§£‘%aq N ing

B es (e der” P&serve ..QP

Béiﬁ/e&edﬁﬁﬂi)ﬂ@%ﬁdldk ané edRS lcoRBPoNdinges e @ﬁrttchﬁtr addlé B@&&r can be
one code for inclusion in the MAC header. Accordin

wilizeddorprlect oga ehmesRighp atdpest opaspdsdorimsiysionts oM %Pader
|§or fCt | ve ATRRIOVREE WERR: A6l % r&nﬁﬁlﬁ?éa% g%aé‘é“&at‘fo%d SSlthough

nstance, a nappli ng associatin our
hdirshstho) id& @atimpidttdithat 4 aﬁpe@ienveplmk%mft (b.gu merkd:edégz the base

§§ichis o Ryt Aoy U DB G pRY TEAAG hsgidtor-) can be
obtained from the base station, and methodology 400 can return to 402 for a next

Transfer Block that corresponds to the subsequent uplink grant.

[0065] Now turning to Fig. 5, illustrated is a methodology 500 that facilitates

obtaining uplink delay budget feedback in a wireless communication environment. At

502, a Medium Access Control (MAC) header can be received from an access terminal.

The MAC header can be obtained from the access terminal as part of a current Transfer



Following this exanple, a logical channel identifier

that is one-to-one mapped to a particular radi o bearer
w@av9beismncl uded in the MAC header, and a partPCUUS2009/033105

mappi ng between del ay t hreshol ds and codes

corresponding to the particul  radi o bearer can be

utilized to select one or nore of the at |east one

Bate. 1A@504NCldds icaiticd bytawridiothaatesC he&Re4in B¢ dd8@fed. For
the MAC header can be transmtted to a base station.

mstEaReu i 9de cambaprarried by seseivRd Bitp( et efdvq ngsarved bits, ...) of the
g/tﬂﬁg(? ﬁgéb%{rltthﬁko ?hlﬂg HRD %efsgﬁe? bits %1' nggf 1\11}\‘8 h%gge? can be

I'on ds & function ornat
caogiiedl. by the MAC header, . ..) can be obtalned from
the base stat] dolog 400, can return i
I086F or o Aexeo-prdshsr Blieslmqg Ehat P%?SP%(}Srt@él&f‘o% %{?@ fggermined.
I r r B
?F%ggwg?%sgkllﬂsdag If)ﬁ% r@ﬁ%: tthqgag%egl%lﬁ’\g%é{f(%gQ%uﬂget akSciated with a
pmnaMnnRghummﬂﬂQmﬁaﬂﬁ&Lﬁmﬁgemeﬁaa@haiﬁDUhﬁ@nmms@kﬁﬁ&dmIJnk

EBREY O R E e iR ddtreia LoD D Teadied WFGH e Atgasgrminal
T8¢ parfiahlar Hhe IAE BeadRhcC 3 BEa ﬁﬁ)tsﬁlhrggﬁ HIrORDIUE. g., within a

access termnal as part of a current ransferBIock At
504n raailqzb@éercmtrln@udwnéhqa@mqnbﬁra@sfet BeockIAC )hdederdingin an

Fo i nst.an t he d carri.ed
?%agg)ﬁ%g eI, {1% c? 1& carried BY Feésgrvlﬁg/ g’% g {\])vo reserved(’)l?l?%, h‘ke)yOf the
M headerthe ﬂél?sthrésﬁbld&ﬁn ot iddnefie@ses ﬁﬁfdnbm bsdétméwmes of
in the MAC header can be recognlzed [ 0066] At 506, a

theirespryanrbats h §pdowingtthis sxaarlsonmrsPRIBE (e, Pisdelinsdncasdigured by

flat efegéﬁgéjc nTr'%?gg[%g)é‘ g‘b‘{)ﬁ%ge{ﬂ a;gﬂl?esﬂgldé‘ gﬁ%@%ﬁe g@g} MAC

I nc es a socl ate
baudtt eadracd BRadalacd, i, n}(cﬁdfetdhqﬂojeﬁl.t@)ie&ﬁnmnb clec diddyathreshéld based
ntroI service

t of Radio Link
Rt e smeR Sy 4 1) RO B OM A B ebgsuant o
REfht ﬂﬁktrat-gﬂeemrrﬁdhg PLAL anq)e%cwft&f witR %tr@s‘ﬁ%@uvectﬁébﬂ?ﬁg

a nost urgenf RLC SDU (e.g. hin a given'radio
besacer delmpthrésholdsded codest foe ntstmnp@ rtmappamsdssociBingclioyr delay

e EGUE e SOy AR RuLDSAS A1 05 A8 S
{A18esVRg0° /n@mi eo’/1tthe gdedrve éd’ﬁﬁ%ﬁfé@'b? FOR0 pberabidesthich| edllowing

as a function of detected val Ues the reserved bits.
ey ¢aninty atlegisal shamsl elenafierahdiingnq-®-ene manmedéd i pagicular radio

P o s RS BBl R el el gl ppveen

d&sethv@follis tan¥ 3bdes Sorrespondin @(ﬂtﬂé@)aﬁm&la@)ﬂﬁﬂo béhrer can be utilized to
determ ne the delay threshold based upon the co

decipher thegdebantBreshnlel bysedgpen the cody cargied by dlp pqrﬂ% ef aMAC
E&%@P Fat S aa!EEesE ?erﬁnﬁa E%{‘ﬁs&h‘ew% fo%:pﬁﬂk tr%?s%!ﬂssﬁé}%éged at

earer can e associ ate respective map
ettie part dpbrathe tdelag shvokladd. a&dledmld@canfaddltionslﬂﬁmaéterraltlvely be
I ng associ ating four delay _@geshold each wth

F%gg atieps) & BaeuRAM ﬁ%@@rcoeeﬂl@gs voljyes Glepseip aspects of Quality
HESEINEAQBS Y (e.g., throughput, bit error rate, ...), and the like.

[0067] It will be appreciated that, in accordance with one or more aspects
described herein, inferences can be made regarding providing and/or employing uplink
delay budget feedback in a wireless communication environment. As used herein, the
term to “infer” or “inference” refers generally to the process of reasoning about or

inferring states of the system, environment, and/or user from a set of observations as



val ues, '007'0l VvV 10V 11' , . ..) can be configured by
RRC per radio bearer. Following this exanple, a
wo egpgalischannel identifier that i s one-to-onePCEHPI®AI/033105
to a particular radi o bearer can be recogni zed from
t he MAC header, and a particullar mappi ng bet ween del ay
t hreshol ds and codes corresponding to the particular
Epirod bRasvefits aAdYoP@athlt InféreRet dad bdRGipiRH td RndBl @pecific
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detes Blﬂu@%m lpyedpfor S%mw%g highesyley e cyents framt sph gligvents
Qﬂcf/ore({alfapr&%ﬂtlﬁﬁerence rosult@&Adhd Hﬁlsh'hgtfon JfAR&Dvehts oWhétlon$rom a
appreci ate In accordance wth one or nore
&3 pé ob&Er\dememtb eod/hesteicd everrtfdetaewhethelcmmob cheroaveets are correlated

re ovi di.n d/o in link d

bigerorbeBbaRr . A et B ot Bt Gme fofone or several

&ﬂ%k&gp&ﬁ@&nwﬁ§ used herein, the termto "infer" or
"inference" refers generally to the process of
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can enerate a probability distribution over states,

Hnyeva rthere Husidoram ipEergce sabbs mads elaterhio
t
DA 8 B0 LSt Ayt
thnekhelde peistadiorfearcentievitidie a@p&olateelfthatt thofdregliny enadsples are
B iadibines naives ST e b nSORH oK SRS of Trce Rt can be

£ABSEF e tAReOh WK &XEM SreRbesdit hRBS if ERAMRLSE Withfthe various

observed events and/or stored event data, "whether or
cmbodlmene\aadvbsnaﬂmds descebed kateinn ¢l ose t enpor al

BIABSLT sy ERAP i DE ST o SisSs BRI BRI Vilds ink ey
&Rt feiShck @n @Wl%ﬁ%rﬁmuﬁféﬁtl&{ sySRnE ABIRORSmMNaEE® ERtbriscs a

above can include nak |ng|n erences pertal ning to
D

rqgt:uvnﬁ (zqmgatarncqym@rmgﬁal 0, SDisstaseal e ve nntamm(ﬁlﬁb?hown) and
erforgl n¥p1 eﬁsagttloer%%s ergon {9 @Lans m 9 ndovvn orllve u’lrjé?% éﬁle received
biphalshd Aidieres tl&fbdnﬂftfbh@dl Signdlas obﬁlﬂﬁaﬂ@ldfse IR&t€i€lert 62 can be, for

determ ning optim zed del ay budget ranqes for mappi ngs
peiEendd rﬁﬁ@V@eﬂwaﬁlWPa@ﬁm ademadulatgr Pt hahgasrdemodulate

}e‘]tcle Jg Eytﬁl?ol? kfﬁlte?lgentl R gJoGgssBP&%%k egé ﬁ%ﬁo@r e

rative i ature and not 1 nten
Ploecgsunt@®r canfbei arlfrecasmei‘edichmﬂ te aﬁaljmenmﬁanmlon hecived by

manner | i ch such jnferenc are made |
SRV e 961#1 JOEERCTE R SIS ERSGETHENCE b ddrgpmitier 616, a

PRBQESthdentrb R R hkdecomponents of access terminal 600, and/or a
processor that both analyzes information received by receiver 602, generates
information for transmission by transmitter 616, and controls one or more components
of access terminal 600.

[0070] Access terminal 600 can additionally comprise memory 608 that is

operatively coupled to processor 606 and that can store data to be transmitted, received



[0069] Fig. 6 is an illustration of an access term na

600 that yields uplink delay budget feedback in a
WORMel1&dso comruni cati on system Access tern naPCB082009/033105

conprises a receiver 602 that receives a signal from

for instance, a receive antenhla (not shown), and

perforns typical actions thereon (e.g., filters,

axp) dntlia@$ ot VAIEBIViafdrfatied feldted féﬁ)dﬂ%ﬁlﬁin\g&ﬂe sirgilac@std and
dlgltlzes the conditioned signal to obtain sanples.
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m ssi on by transmtter 616, and controls one or
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t ddat .
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608, for instance, can store protaocaols and
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MW@nemhMCm acmed,. BYojveg bf itk traion dmot lisialiony R is
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%%kﬂhlf ip AREY drpspach phwmsionays RAY GRAM 1y MzG%RAM>
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Separate from nenory 8, a conbination thereof and
SDRAM (ESDRAM), Sy{lﬂ@ﬁﬂk]DRAM/\(iﬂHDRa‘él\/Iamldehmat Rambisdt AM

GRS ot AR L

ERpriRCIWVHASutHRINY [HRk&L to!] @emcira@%q{ea&mka%lmﬁwaf md&Hory.

way of illustration, and not linitation, nonvolatile

972l y canProsessacielt wd)emplegﬂtlwelmpyplé@m delay budget reporter 610

PRSI ST A . DTSRt P iy

SERARF 36 devzgl mﬂglatereﬁ@ifamyos @@Rid. Dehd@de MAO %@ﬁﬁe@@@@&&or 612 can be
menor i whi ch acts as external cache
|

ry. By
webytagtially yimdler @iVIOK %ﬁﬁéerrﬁ?penar%%l Qtoif 5ig; SRAIpyeh SHown as being

%éwbﬁydﬁ g‘ %@Hé%hﬂgé%’\;iﬁ I]ts 13 &9 5 u@%ﬁt}ﬁ%&% reporter

duddnandataMAaf acHIORAM of DR ISDRN\]@y behkamrepeder 610 can determine a
head-of-line delay budget of a most urgent RLC SDU. Further, delay budget reporter

610 can detect delay budgets for a plurality of disparate RLC SDUs waiting to be
transferred from access terminal 600. MAC header generator 612 can configure a
portion of a MAC header to include a code corresponding to the head-of-line delay
budget of the most urgent RLC SDU. For instance, MAC header generator 612 can
incorporate a two bit code, which can be carried by two reserved bits, into the MAC

header. The code can correspond to a delay threshold, which is a range of delay budgets



SDRAM ( ESDRAM), Synchl i nk DRAM ( SLDRAM, and direct

Ranbus RAM (DRRAM . The nenory 608 of the subject
waymbamasand nmethods is intended to conprise, RET/O82009/033105

being limted to, these and any other suitable types

of menory. [0072] Processor 606 can be operatively

coupled to a del ay budget reporter 610 and/or a MAC

heeserudeeme haddof-Bledcl Bebaiscbotig e noseR@eitR LG DL aAcddeding to

substantially simlar to delay budget reporter 208 of.
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onebredededs meramigdly 7@hthrolighngilemalitl afakccivAl dntamgh70@tnd a
ed that access termn.na 00

shown, it is contenpla an .
fransmer 24 tg&-&érapﬁrg{ts P?athe gec ghl?ig]feﬂ‘???sélt?@“%qlw é‘% qu(gﬁ a transmit
BRGmBORDSOR ELider B0 MR EQURT infoRmIBRPHBA rOfcilitierigl 806 and is

thresholds to codes (e.g., values for reserved bits of
opeatiiely meadated with.a Jenpalnldte danhdtglamedulbies seeetveRiRGormation.

er radjq bearer, for exanple. Acc term.nal. 6§00

BemeratsA sKEPo St iibesd BY RotAcsiohy T4 it GifPasimilar to the
proRB36E ddsBlibBol Rkth rE ARG 10 Fis. 6aihd wiitIR&bEple@ida meBory 716
a base station. Although depicted as being separate

thabstorch datert@ be rammigosio grirc¢asvaddraye aggspy wonmers) 10Hzand/or any
S5LAY R g&‘ﬁ‘o heRsd garte &b %Brf‘é%nh CRAEL IS REIRAL O 4 Htions set
angl or noaul at or n6rf can e par Oef processor % or a

fusieEcinf PRICOSOS DY & figdr colisivdo a {97 Bldget Bedback @valator 718
illustration of a system 700 that enploys uplink dela

Batitnadyzee ek MACacHreloaswsEmtishy Cadggaclated fecdback from
%%%%srt,gﬁlgﬁ‘glgl 287%2 %J&Q@%ﬁ%@fcaﬁ%ﬁu&é %%dg@{i‘lﬁgr?%o that can

recei ver
alboatevgdink irggoatcE s o dceanntanenafs) 04 es afimesen dfethodelal budget

(ir ek i rehfom s ed MACIREGhoR Y s agpreciard tht
é&%ﬁédg%ﬁf%%k%vﬁgét& hf@é‘eﬂlrbeasubgtmtsimilar to delay budget
feedback evaluator 212 of Fig. 2 and/or scheduler 720 can be substantially similar to
scheduler 214 of Fig. 2. Moreover, although not shown, it is contemplated that base
station 702 can include an RRC, which can be substantially similar to RRC 304 of Fig.
3. Base station 702 can further include a modulator 722. Modulator 722 can multiplex

a frame for transmission by a transmitter 724 through antennas 708 to access terminal(s)



antenna 708. Receiver 710 can receive information from

recei ve antennas 706 and is operatively associ ated
waowdob/1e1senodul at or 712 that denodul at es r ecei R€HUS2009/033105

i nformati on. Denodul ated synbols are anal yzed by a

processor 714 that can be sim3iar to the processor

descri bed above with regard to Fig. 6, and which is

z@UIl Reordencd WieHTE Y fof B etithialed SbQFPE okl ahBhbw: hk&lplcted as being
transmtted to or received fromaccess term na 704
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ﬂeﬁm depd scamce N2t thaugihsaegirsh ddta@sod@ssom§1$e3a¢mﬂ1agftds aimn
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gl%gégs@lt 4 0aRats HdIBE aﬁ@fﬁter@av&f tﬁg ﬁ%ﬁﬁr dazaléltre‘aﬁl BhsQHobEr

processors (not Shown). 74] Fig. 8 shows an
pxaiog hiecodingicbsme sdpaterhfor altat dmta$§rsetmm pOidcTloded data.

oZ8] oo B acg fetadBe BB Rl FieRmic B S P spdav G pilot dta
tmﬁg/ bitNogoHRVBMREncy divisfontRulBfleRRRI(OFDA plchliqicsS WeldBBnally or

800 can 1 nclude nore than one base station and/or nore

tliapatoely, &mels)é syrabats el be Wemdlatﬁmmm@hﬁalexyaé@w time

T T Rt TN T S AP

BpLRHS atk@bWhiala pAROmARSGS pﬁeehsb@imndwn adehdriapd caﬂ e used at
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geesssiemigplf S04p cobnate shanashicsgonspeT %%/%WEW&GX@FW’Q@ angl.cgded data
ﬁor%ac@&ga ﬁlréla% a%rHyIRSdlﬁﬁE({f‘ gegg %Eﬁrﬁ@r% ma?g{’&) bQ? G epﬁﬂtlcular

ereinto aCI Itate wre ere
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Cotre A9 MPherie teing GWPS%;{ &eglfa@%%é“@%p? iile modulation
AASORR) NG b QelBed for that data stream to provide modulation symbols. The data
rate, coding, and modulation for each data stream can be determined by instructions
performed or provided by processor 830.

[0077] The modulation symbols for the data streams can be provided to a TX
MIMO processor 820, which can further process the modulation symbols (e.g., for
OFDM). TX MIMO processor 820 then provides Ny modulation symbol streams to Nr



exanpl e, each data streamcan be transmtted over a

respective antenna. TX data processor 814 fornats,
w@owespoiamd i nterl eaves the traffic data strearehuasSm®dI/ 033105

on a particular coding schene selected for that data

streamto provide coded data.24 0076] The coded data

for each data streamcan be nultiplexed with pil ot
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rovi de nodul ati on synbols. The data rate, coding, and

duficanasd3 24 drowghct2d andithsreesaradsignabotierel pitort 497 is
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further process the nodul ation synbols (e.qg., for )
erponed xignpNp P ddessitlcg o furdar progesserdle pmples to provide a

i: O b o NTtransmtters (TMIR)
g@%b%drng%g%é(%g% .S§ %8@%%3%108 enbodi nents, TX M MO
[0080pssor BaARXadphipescchwafb®ran rgeive iighpocdss thidveg received
syrr%il s of fhe data.strgang and to the antepna from
WHRRG strerns i dYr feeetps 64 ﬁ‘%ﬁ@ﬁﬁatﬁagtﬂﬂa[r OYPPBICT ERERSSING

Isegﬁrggili@ folfbvill@ &7, FEGELYPSsyATHdI REQGRS $88 d@ta g?(?o%_?s%lﬂ RY@can

streamto provide“one or nore anal og signals,
derdoduliate deinterdaaste tand s cqde. ogeh detngbd $ymelnl sfredm 6y wcoamdhe traffic

canver t he | o i gnal rovi de dul at ed
G SR btk st £ B Pyt QuBardichir BoR corttifontary to
MRapaRIrmel b e MIME praeitbAS Blarkl TXAh& fré®B3or 814 at base station
transmtters 822a through 822t are transmitted from NT

&Ht-ennas 824a through 824t, respectively. [0079] At
s terminal 85Q,-,th ransm tt nodul. d.si I
PBEE S coi v A By R TAeaTne Rl AP (MR PR IR Rotoey

toaaiizvad dBt@ned aovenreakd, pot&RNes Bdn ifSrmiil Y hdeeriedink
respective receiver (RCVR) 854a through 854r. Each
PS8R EPMPBANG & AW BHex patign and p ranky@lucioption.j es, and

RiEon L 15 <A ESHES S90St B
peeckgsths colmenusaapbelink endioohie decaved datasgpandiThgreverse link
Irlnre&%gc \c/a?nd‘tl)le Sr)égéosgeld Bc’; a{ %%rgata processor 838, which also receives traffic data
for a number of data streams from a data source 836, modulated by a modulator 880,
conditioned by transmitters 854a through 854r, and transmitted back to base station 810.
[0083] At base station 810, the modulated signals from access terminal 850 are
received by antennas 824, conditioned by receivers 822, demodulated by a demodulator
840, and processed by a RX data processor 842 to extract the reverse link message

transmitted by access terminal 850. Further, processor 830 can process the extracted



[0080] An RX data processor 860 can receive and
process the NR received synbol streans from NR

w0 e@eilvases 854 based on a particul ar recei ver PCT/US2009/033105
processi ng technique to provide NT "detected" synbo
streanms. RX data processor 86> can denodul at e,
dei nterl eave, and decode each detected synbol stream
in@sdage aV@terbdige Whizh fprdcodmbandtax td b flad@cdiin@gihe Jdaghforming
processi ng by RX data processor 860 is conpl enentary
weightat performed by TX M MO processor 820 and TX data
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822, denodul at ed a denpdul at or 840, and grocessed
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processor e extracte nessage
steitaulirignmdwbhedl ipfoemadomfpr bat oi sevtal NMERCH O rGenerally, after

det ning the beanformn i ghts. [0084], Processors
léﬁlla dioyRespupesdtontre! M&:w@ro 8%?18‘1‘13%1%0“ ly used by
f'f@@%% rec%fv% MIBREE(AS | 4 MECRRSR GTAIA QRGN y and L%‘éfc@ﬁéontrol

termnal 850, respectively. Respective procéssors
Qh@m%mauamlm aPsdicited €dntwltCGhameeig DY (G82 whindh 187201111}&@ -point

d d d P 830
Bt Be S h T eGPt scr Rl 5oGaN e MRUBAGY Arased by
U'E@%h@lﬁé L O 6§[ﬁle€§(§ﬂ nlﬁtaﬁsas &E tﬁ@Eog{@Jﬂ'"ﬂ?!ﬁff @@hanncls can comprise

downl i n respectlve ! n_an aspect, | ogica
¢ Padiveted Taefic Qha@rsql(lp nwblc Paint-oheminidliglitgadonal channel

|
e U SR S S T A

Ch@(ﬁf&ﬁﬂ cah Qﬁclvﬁt[mmﬁﬁastn]gaﬁ)tﬂlﬁﬁh&QMT@H) flof POImERS-h@Mtipoint DL
Further, Logical Cantrol Channels can include a Paging

empeldpr ometiing(rEtyatanhi ch is a DL channel that

RO, RGeS Oy SR AL Dt
Thaaspuet Chadoel)comphise b BreadaadP@ihannd 0BGHI),ta IpowmlhnkDEhared Data
Channel (DL-SDCH) and a Paging Channel (PCH). The PCH can support UE power
saving (e.g., Discontinuous Reception (DRX) cycle can be indicated by the network to
the UE, ...) by being broadcasted over an entire cell and being mapped to Physical layer
(PHY) resources that can be used for other control/traffic channels. The UL Transport
Channels can comprise a Random Access Channel (RACH), a Request Channel

(REQCH), a Uplink Shared Data Channel (UL-SDCH) and a plurality of PHY channels.



channel used for transmtting Miltinedia Broadcast and
Mul ticast Service (MBMS) scheduling and contr ol

w0 ndooneese on for one or several MICHs. Cener al PET/USID®033105
establ i shing a Radi o Resource Control (RRC)
connection, this channel is dfly used by UEs that
receive MBMS (e.g., old MCCH+MSCH). Additionally, the

[oag7rcal Comhé pHYCéhaﬂmé SanGiadlutl® g ket @ DI Rdh@at@BUL channels.
Contr ol Channel which is a Point-to-poi
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%E&hzaﬂn'ap%fhﬁﬁﬁ 198N SRR ﬁ’%oﬁ& dcﬁ%)ﬁnH] %;fﬂrtgif(jf R34 DL
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Snisbent dountel SUACE Do Aei s PG oRECh L Ae ROFD 2k Physical
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i nclude a Miul ticast fic Channel
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annel and a Pa annel P

PEFKEER:; émppm Suhsst Indigetor mﬁmg? SICHD); Shirséd Bnqu%uGb@nel

erREhgL PRRSXBLEATAR CRdiRE0 BB, o dEiRta Pilor
Cehdnc(BPIO®I)Ng mapped to Physical |ayer (PHY)
resources that can be used for other control/traffic

t088hel s. Ithstole Wﬁﬁ@ﬂ@éﬁhm@ﬁaﬁ?m@démél&ﬁ dessribed Bercig can be

PR R EPR AR Aty b SRR, (AR or gy,
mmlblahmdrytherfeoPI-Fbrcahmrd»Qrs ihpl@théhtatitng tRHYochRimgeaingts camnbe

i ncl ude of DL channel s and channe
elpppaed PR eV AR GO . MRl i R B LN BSCat, digitl

GRANRRLcL ! Bi) HTEN AR 04-00n CHANBR) DCFER) e IR

ol Channhel DL” Control Chan
[o8dCEMjces KRILIM)cﬁslti p@raremolabCreatmatays MIGH)s), Broaesdrsitontrollers,

Assi ne Channel SUA cknow edgepent anngl

B o g Stk N i B e e o m the
anﬁmes&%%ﬁ%{elma%ﬁﬁbw Sictheredfagi ng | ndl cator
Channel (PlICH); and/or Load Indicator Channel (LICH).

B8Ry of Whenites emb¢dy@pntataredmpl¢rh@tﬂlnmplﬁfwma rawere,

(E]adr%!cnvg cirle u&ﬁ%lcr{)yc}/qs h ogratllgx? og'r?‘éé e?e(g@%’_ﬁl%y anp ﬁAq_ged ina
Aakiiiavredgisoeridivohansiehs 4 AGKGELomASI@ANA S S&iment can represent
I nd| cator Channel (ASICH); Shared Request Channel

m§|se@rogﬁm (T ERE, TIvAiRR|2 ubraupapaHyedule, a
U I T T .
p@grdne statements. A code segment can 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. can be passed,
forwarded, or transmitted using any suitable means including memory sharing, message
passing, token passing, network transmission, etc.
[0090] For a software implementation, the techniques described herein can be
implemented with modules (e.g., procedures, functions, and so on) that perform the

functions described herein. The software codes can be stored in memory units and



i npl enented in hardware, software, firnmare,
m ddl eware, m crocode, or any conbination thereof. For
wa@2vanehasr e i npl ement ati on, the processi ng uni PGT/US2V0WE33105

i npl enented within one or nore application specific
integrated circuits (ASICs), Zigital signal processors
(DSPs), digital signal processing devices (DSPDs),
PR Ofed Ty HRd Rsdodgi ThedavieBsuriRlabd) imbiced cltdarveighia megizbessor or
gate arrays (FPGAs), processors, controllers,
priternal tedhe processers in wh@h@medé eaghisr comrBHEAtive ] eqoup lolite the

[ tions descri bed
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pooodi ment Wl&frefelrmle em? iy, Odliliustrsted tswasystermf I00Mharedables signaling
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circuit by passing and/or receivi ngml nf or mati on,
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passi ng, network transm ssion, etc. [0090] For a
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exanpl e,” system 900 can reside W thin an access

exaciingfunciiens; agsacentesew i pleeteical eoennonents 8041 %Mm Yo ang 910.
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uncti ona reSe fun I ons

bfml:@ﬁwltcsﬂlpbﬂenas sm4o 066, sm, atﬁicﬁlil)v@ﬁ ex1somnmrm¢mtyl9qn
t her eof e System 900 i ncl udes
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including functional blocks, which can be functional blocks that represent functions
implemented by a processor, software, or combination thereof (e.g., firmware). System
1000 includes a logical grouping 1002 of electrical components that can act in
conjunction. For instance, logical grouping 1002 can include an electrical component
for receiving a Medium Access Control (MAC) header from an access terminal 1004.

Further, logical grouping 1002 can include an electrical component for detecting a code



awai ting uplink transm ssion 904. Mreover, |ogica

groupi ng 902 can include an el ectrical conponent for
w@oovbitgurse ng a portion of a Medi um Access ContPOI/USNBEN)33105

header to include a code corresponding to a del ay

t hreshol d associated with the2d owest del ay budget 906.

Further, |ogical grouping 902 can include an

edreied by & 8libseosMIRTthd A SRAENTNIch eV MG dtclddREl gBufing 1002
base station 908. Logical grouping 902 can al so
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Q&hﬁdﬁeﬁt&%@h roebated, fRerPACkvhilOhodh AWeBSTxt@AdNtdRlemory
in a wreless communication environnent. For exanpl e,

é@/ls% éris tropOunsiarstaodghatenaior messef Peatriad icbmponant H)Oé 1006, 1008,
tation ppreci ated that system 1000
and? ﬁ) % Céls gﬁ]tsf \gltgm m%?rg@%%?

I's re g functional blocks, which
gmmpe f unptiaoRal bebh dedesibbd aliov @i 8ES RkarhplRS bf SkSor more

| emented by a processor, software, or conbination
@rn edirnise LS, OffcpRIReIok oSS loedRsaire viepcsqigeizalle combination
R e
&fbadimantsj nglovdef ardiralreskilliic dle actonporeognifothar mewy furthgr
a Medi um Access Cbntrol (MAC) der from ar ac ess
EQIP HIAANS £HO RSTIRFHGNS OF ViTRYS carbO 3%%% Hg Pe cordingly, the
HOEHHAE AP B8 LiCHendQMPB UM ce a@lrsugﬁﬁﬁ&ﬁﬂl(glﬂ ﬁodlﬁcatlons and
codecarried by a subset of bits of the MAC header
St@wonwlaefwl/lem,thlh dg:l S(patt agd soqicrng gD erdad dlrigisud ertherrmore to

c rical ,c one gr de her thresho
egtﬁllat@ﬁg D 1sclg:§8é rﬁ%r ﬂ%ﬁgtadgfi %sorlptlon or he

Elﬁfn@ss Bedhternh Q@rlnteﬂéé@tﬁo& in@a§vé B Ahenidcd smnil@ asitRftednd ne
delay budget of a Radlo Li nk Control (RLC) service
dromzprisiigl’ a¢ SPupprisengi i aderpreted whef employed dser transsivsal word in a
Eﬁrn1nal Addi tionally, |ogical grouping 1002 can
op |onaIIy i nclude an el ectrical conponent for
schedul ing the access termnal for uplink transm ssion
as a function of the delay threshold 1010.
Addi tionally, system 1000 can include a nmenory 1012
that retains instructions for executing functions
associated with electrical conponents 1004, 1006,
1008, and 1010. Wil e shown as being external to
menory 1012, it is to be understood that one or nore
of electrical conponents 1004, 1006, 1008, and 1010
can exist within nmenory 1012.



[ 0093] What has been descri bed above includes exanpl es
of one or nore enbodinents. It is, of course, not
w@omsiliieo t o descri be every concei vabl e conbi nBCT/082009/033105

conmponents or nethodol ogi es for purposes of descri bing
t he af orementi oned enbodi ment29 but one of ordinary
skill in the art may recogni ze that many further
conbi nati ons and pernut ati @sAIMS vari ous enbodi nents
are possible. Accordingly, the described enbodi nents
are intended to embrace all such alterations,
ﬁﬁﬁk&cﬁﬁ fl8S and variations that fall Mﬁthln t he

It and scope of the appended cl ai ns. Furthernore,
to the extent that the term"includes" is used in

|ther th tail d descrj pti cl ai s, such
Term famst ﬁ?@ﬁ@b&w at%pmﬁ@v%wﬁ@%dﬁ aﬁ#&aﬁé‘?e@??ﬁ ingywireless
E&nﬁltlﬁlcﬁt%ﬂ%nv%ﬁi%htsb&ﬁ 1@, conprising” is

Interpreted when enpl oye as a transitional word in a

cl ai micGeriMBg\Aatvestsichly duded from a plurditpet Radiotlhalt Control (RLC)
facilitates i.di ng uplink delay budget feedback in
5“%F?Q?Q§§l%gﬁﬂﬁ fcation environnent, conprising:

det er &ﬂﬂ%(&ﬁn 8 alpenRtordaViadiuRusagts ol @w@l@yr@baérxo @fclude at
Radi o Li Control (RLC) service data units (SDUs

lrasifong @pdmfgbr@smndmgm clay thesghalthfacbe svesbielapbudermand
heade ncl ud S ne code corresponding to a
doi ay TeHPULRGIE PR prERT o £8ReS8%) Duager - "and

transmtting the MAC header to a base station. 2. The
nmet hod of claim 1, wherein the | owest del ay budget

P! hea@h%ﬂwrhoral@fa@nra;} phergey the WGS&%%EW M@aéwf@@delay
i T

ROCtSIos.of the NAC header to |nclude at | east one code

further conprises setting values of two reserved bits
in the MAC header to convey the delay threshold

8ssocirfl RAMNIR cBim RL&I%II%% tl%gqotrﬁ@{‘%g WeACThEA®RE to include at

within a radi o bearer . hod of claim1,
kastfong o danprthbiecquapriseosetofg vHecsMABGYD ezxdered bds imibk MsC header

R B e S RES ol e AR R AR C ST R e witin

L e piang del ay budget of an RLC SDU that is not
included in a current Transfer Block. 5. The nethod of
claim1, further conprising selecting one or nore of

Ilhe aIl"h 8ARHd of claim 1, configuring the portion of the MAC header to include at
least one code further comprises setting values of two reserved bits in the MAC header
according to a remaining delay budget of an RLC SDU that is not included in a current

Transfer Block.

5. The method of claim 1, further comprising selecting one or more of the at least
one code for inclusion in the MAC header based upon a mapping between delay

thresholds and codes.

6. The method of claim 5, wherein each radio bearer is associated with a respective

mapping between delay thresholds and codes.



one code for inclusion in the MAC header based upon a

mappi ng between del ay threshol ds and codes. 6. The
woredoboebisd cl ai m5, wherein each radi o bearer PGI/US2009/033105

associated with a respective mappi ng between del ay

t hreshol ds and codes. 7. The m#thod of claimb5, wherein

the mapping is configured by radio resource control

 RRC) Th&mcthadiod chearnevhtRint$s aipping if esHfigdeddayy radio resource
threshol ds each with a respective one of four codes.

gontrph RRE) pIdadip betrar i assodiate fove deley iyesheigspach with a respective
'b&c&rfggggotdiegg a logical channel identifier that is
one-to0-one napped to a particular radio bearer in the

MAC header; and utilizing a particular mappi ng between

gel ay Ehre hal gs and é}%es corresponding to the

arti &o¢ Bethod @if slaga ’E).C%H’ré%?gt he one or nore of
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9. Awreless“co ni cations apparatus, conprising: a
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identifyi.ng a |l.owest delay budget. froma. plurality of .
Radi 0" AFRE BBHEICRT papns bemrrt aclauvitidiend Spdssicorresponding
fatht bagicalaPRldld BiAr&fto ScldR U LEAAT G8FE o EMRtak Rlast(MBEhde for
header to include at |east one code corresponding to a
theluaipntin thesdiahdader. t he | owest del ay budget, and

sendi ng the MAC header to a base station; and a

processor, coupled to the nmenory, configured to

@X eC Unewilrél€ssi cdGiniitdationS agpatabd) esmpisihfre nenory. 10.
The wi rel ess comruni cations apparatus of claim?9

wher ef MeNINEY HakEYng Wsrweions ealafrdto idemsifyingta lowest delay budget

R SO P ol B et B B e o
portibn afia RIQiBDUA ceesslf@ntrio A ACH hedict to mtlude bhlicsst ane astco

S sRoingioct Gy BHOIPI BT Be Iairash arlay Brdachaad senting the MAC

hOstbr WCihR0safis):-ahgd to establishing values of two
reserved bits 1 n the MAC header according to a

r emai mprgeshet, ayuled tpethe ofenanmy . Rio@fiSDEd theteciis thoinstructions

i nclu .eg in a current Transfer Block. 12. The wrel ess
??6%?%"1 B§ MSWS™appar at us of claim 9, wherein the

menory further retains instructions related to

choosi ng one or nore of the at |east one code for

Locl uShowitcless ernmmaciiend eppdsaye df cpon9avhaippithgmemory further

t.ween del threshol ds and es. 13, W.r e
R I F R Rl AR PERRT o B BENERE header o
o@RpY Ag deSay threshold associated with an RLC SDU to be transmitted first within a

radio bearer.

11. The wireless communications apparatus of claim 9, wherein the memory further
retains instructions related to establishing values of two reserved bits in the MAC
header according to a remaining delay budget of an RLC SDU that is not included in a

current Transfer Block.

12. The wireless communications apparatus of claim 9, wherein the memory further
retains instructions related to choosing one or more of the at least one code for inclusion

in the MAC header based upon a mapping between delay thresholds and codes.



configured by radio resource control (RRC) per radio
bearer to associate four delay thresholds each wwth a
w0 e@pratisye one of four codes. 14. The wi rel eSBCT/US2009/033105
comuni cati ons apparatus of claim 12, wherein the
menory further retains instrutitions related to
i ncorporating a |logical channel identifier that is
one- t ThOR@cBPaREmbBic@iddd hppabtuabf Elash 02 beasreh thdmbpieng is
MAC header, and enploying a particul ar nmappi ng. bet ween
eifipyradHyea figl rasp uBIecFoa e Tce &3slim b asey to @ssoRiate four delay
Kl ' r the one or nore of
?ﬁées‘hg{agIegé{ls‘%ﬁghgesggg{g%fogg%lfﬁc([)gg(ffegh in the MAC header.
15. A wireless comuni cati ons apparatus that enabl es
i gnal j ng.del ay budget rel ated feedback to a base
Wati i Mirelesyforamugisatiommpres Pgﬂalérh\l/%r%ffﬁ%ﬁtﬂ}e memory
RRMRY FeBdifinsTRAdRs FPtcd %QH%&Lj;ab{ﬂaﬂﬂ & 13%%131 ChdrinBK; dGRHT S At is
(RLC) service data unit (S mnt% a 1owest del ay
budpetnef mapped te e paviculRt @dEDksraret diendAd eadeharid enploying a

awai ting upli transm ssi on;, nmeans, for confi.guri a .
BUREYBhMARTIE RERCERARY DS Dl BRA FOJSRpSRARMER (¢ B particular
Faaed bdeerdo ERERe BRI TR A BOtht At Rast®hdXoddWoe $ft®lstbn in the MAC
associated with the | owest del ay budget; and neans for
Beaddi.ng t he MAC header to a base station. 16. The
Wi rel ess communi cati ons apparatus of claim 15, wherein
the portion of the MAC header is two reserved bits.
17. Thevitles|BEEMEREidNE §RbatBisthain@ablat HigndlingCeddyBulifet related
wherein the two reserved bits convey the dela o
faerleackdp a basesdtioating wawsm@nmmamenmg CPRRESINE:
del ay e . . 1 b '
o oSt idt g FrAfo Tl CBMRTRLEY sorlsE a3 with
alovedsad¢tnyl Budgehfromi ket 6ERLAG D gsetaned ibiatbaffeoavaying bplink
del ay threshold associated with the RLC SDU with the
rHWEYESIYLl ay budget excluded froma current Transfer
Bl ockk9hs 5P %ﬂﬁg‘hﬁhg ﬁ%oftm' MadiLRNgc ARPES Rt %M‘XC header to
claim15, further c rising neans for selecting the
tobdefagodé patreaspomhing o ¢ detayMhCshelddissochdskdithigerowest delay
%%&§¥ng bet ween del ay threshol ds and codes. 20. The

i ’@/g comuni cati ons apparatus of claim 19, wherein
the NnBRPABr bhdaRnhe SLE Redier iRl bACRSBHI Ce contro
(RRC) per radio bearer to associate four del ay
t hreshol ds each with a respective one of four codes.

?é‘ ATﬁg %r%fegg oS ATRBR RS %&%ﬁrat’us 6P Hgirl’lll %,Q}gﬁerein the portion of the

MAC header 1s two reserved bits.

17.  The wireless communications apparatus of claim 16, wherein the two reserved
bits convey the delay threshold associated with the RLC SDU with the lowest delay

budget which is to be transmitted first within a radio bearer.

18.  The wireless communication apparatus of claim 16, wherein the two reserved
bits convey the delay threshold associated with the RLC SDU with the lowest delay

budget excluded from a current Transfer Block.



a conput er-readabl e nedi um conpri sing: code for

identifying a Radio Link Control (RLC) service data
waoeiob/16B@BJ)) with a | owest del ay budget from a Be&t/UsS£009/033105

RLC SDUs retained in a buffer awaiting uplink

transm ssion; code for settiny values of two reserved

bits included in a Medi um Access Control (MAC) header

19 comyewirglcdetaymbhicsdielafpasg 6l abied 13 fuRhérenipeMgimeans

del ay budget; and code for sending the MAC header to a

foa seleeting the godeofpr inphsicndgpsa MA (O hesgeabaspd BRRICE mgpping between

[ [ h.the values of the two reserved bits

?&A%{@éé&o%dﬁd&ﬁ%gﬁ&c header convey the delay threshold

associated with the RLC SDU with the | owest del ay

budget which is to be transmtted first within a radi.o .

par efhe zvsr.epefffh@%%la%t&ns gPergRanPhelatL?s veteren ghemanping is

s A T RS RO g gl Rt dclay

tsssholdatach with h r¢spectReGnSPUfonir thddshe | owest del ay

budget excluded froma current Transfer Block. 24. The

conmput er program product of claim?21, wherein the

g pPUhelonipRad priLaipebdidt, fbmphgihgconpri ses code for

sel ecting the values of the two reserved bits as a

f unct # epmphtcrmrardgps mgdwonédrgpniseei:by radi o resource

control (R er, radio ar.er.25. 1n L el ess .
communi cut FoR<OE e B A REES LA o TR RrEiRE gata wnit (sDU)
pr oceasn 16@adtidgry &ddie froded st Bif Re. (BSDDWeShine@Inaybuffer

budget froma plurality of Radio Link Control (RLC)
servi ewaiag HplifHs FanspSpEY ; configure a portion of a

Medi um ACCESR fgp&ttt%@n\éa(lﬁégggt\bg aglrvte ‘Bitg E%Pdglgg i McaRRh Access

one code correspondi de res or the

| owesContedlaV AU pigeter tardntdyanddiayt thidskolWRE deesdtiewitli thedowest
base statjon. 26. A nethod that facilitates obtaining
uplin el%t‘é‘{,}geﬁﬁ‘&@et f eedback in a wireless

conmuni cat o SPWGMITEOMAC BRI & I'8ksc sBESAYVI Ng a
Medi um Access Control” (MAC) header from an access
termnal; detecting a code carried by a portion of the

C header; determ ning,a del reshol d t hat

S porir s RhERELaedy ECRED ) Theentt tibe Hghaove
FRAGEd bitdinciuded HABS MAL MRS cB PG thr@hsRIGIscRded with
with a particular Radio
the RLC SDU with the lowest delay budget which is to be transmitted first within a

radio bearer.

23. The computer program product of claim 21, wherein the values of the two
reserved bits included in the MAC header convey the delay threshold associated with
the RLC SDU with the lowest delay budget excluded from a current Transfer Block.

24. The computer program product of claim 21, wherein the computer-readable
medium further comprises code for selecting the values of the two reserved bits as a

function of a mapping configured by radio resource control (RRC) per radio bearer.



Li nk Control (RLC) service data unit (SDU) froma set
of RLC SDUs retained in a buffer of the access

wo eooittels) and schedul i ng the access term nal POF/US2009/033105
uplink transm ssion based at |east in part upon the
del ay threshold. 27. The neth¥d of claim 26, wherein
the code is carried by two reserved bits of the MAC
beadern a 4&cledhenimbiiostink sﬁdté&h!ﬁt&ﬁ)pamr@hfpn‘éﬂﬂgu es of
the two reserved bits of the MAC header convey the
del ay? PrceshbfenfigassidPat ed with the particular RLC
SDU, whi chj t
20" The ol FaTTDY o g8y R o L AEARZH tadb Efifk Conro
det er (RIbCNgriibeddeuays (Segnol d that corresponds to
the code by enploying a i ng between del ay
¢ hr eshol dstaitiECHBaToRg! s %ﬁf‘éi%ﬁwe%ﬁsé%on&mﬁw&header to
wher of . h . . :
Fad o puraL RGP dod S RSRRIARED Aok ProBil Kahelowest delay
cont r budgeRRE@Y. 31. A wirel ess conmmuni cati ons appar at us,
conprising; a r at .retains instructions rel ated
to det ectiH@nsggg{glgé\){ég:]?%ﬁ?%ﬁIbﬁsep%?ﬂlqnon of a Medium
Access Control (MAC) header received froman access
termnal, identifying a delay threshol d that ' '
8or r edpoeitied that fagditatesiebtamning updink dckalibudgrs fepdpedkanagvireless
to a delta budget of a Radio Link Control (RLC)
SapOuRicadEn o MRSt PY % ned in a buffer of the
accesgectiRfdy dWledivand cash €dutro YA OphRAeEBSm g labtdd@terminal;
for uplink transm ssion based at |east in part upon

the destesfingryeogpspaicd pyd neriinroeid8e dHAC deadstied to the
menor I r
e T T
Bgipan aings tidt imdledegnaddwessdelag ibndgdnassoodedisiticapartiedabRadio

t eserved bits of the NMAC header. 33, The wi rel.ess.
LR AR ) $Hpss dith §n16\%epgﬁﬁ%§et ﬁﬁ%%é PUsreiaiachin o
bidgerlobnd f38kMechikiit ;,of the MAC header convey the

del ay threshold associated with the RLC SDU, which is
excl usthddilmgnthe acugsy terrhingk fan gplenk Binsokssid@hasdcha least in part upon

i rel ess co ni cati ons apparatus of claim 31, wherein
ﬁ‘neﬁglﬁ’ﬁfitﬁrﬁswﬂyi gured by radio resource control (RRC)
per radio bearer is enployed to identify the del ay
threshol d that corresponds to the code. 35. A wireless
eomuithe methodof alapariat wherehnahe epdebs earrio baityid mepceker &yts of the

p,ﬂggsga({eg ated feedback froman access termnal in a
W'rel éss ‘comruni cati on environment,

28. The method of claim 26, wherein values of the two reserved bits of the MAC
header convey the delay threshold associated with the particular RLC SDU, which is

excluded from a current Transfer Block.

29. The method of claim 26, further comprising determining the delay threshold that

corresponds to the code by employing a mapping between delay thresholds and codes.

30. The method of claim 29, wherein the mapping is associated with a particular

radio bearer and is configured by radio resource control (RRC).



conprising: neans for receiving a Medi um Access
Control (MAC) header from an access term nal; neans

wo erodetiect i ng a code carried by a subset of bPCBHUS$009/033105
the MAC header; and neans for deciphering a del ay
t hreshol d that corresponds t @34 he code, the del ay
threshold relates to a head-of-1ine delay budget of a

Radi o ALK eds@Bhin@lniddRbhy apRratis; Codlptisingni t  ( SDU)
retained in a buffer of the access term nal.36. The

wi r el 2EWMOBYHRIHTEHR BREUGIOBEFAtted tadeteqtiag meade cartied hwp portion
R e g e L
tdene®/ig ddel By thréEheldwhitebﬁsg)oﬁdmhd: C@dd dﬂ&ieiﬂ?ﬂhﬁe&hdl& relates to

i m35 rein a radio mappi ng
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b%&tdf ftlét’e Jclagssqgnﬁﬂalt Hdesh din l&?ct aces &R qtér ﬁlﬁmk W& nsmission

code. . onput er program product, conpri si
bacsmbat leastmepa:tabpcm utredellamltrosm&d shtig: code for

Medi Cont VA head f
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fbtgﬁﬂ&fsﬁtth@ﬁle&bgﬁ of the MAC header; code for
deci phering a delay threshold that corresponds to the

code, the delay threshold rel ates to a head of -1ine

| a
ot o O PR kejorPalE b R e B Rim G (har St 6te s carrica
b b PRérve@bids 6le MAC heedvedul i ng the access term nal
for uplink transm ssion as a function of the del ay
threshold 39. The conputer program product of claim

deI am‘f'ﬁi%ﬂglﬁ Wﬁg@ﬁﬁ{ §1%ﬁf§'off c&nﬂ?@ p{)vﬂ%gfﬁe\taﬁfeg %3 ﬁhe two
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carrled by two reserved bits included in a Medium
Access Control (MAC) header received froman access
Mar mi Wh¢ wirdiesecammenigatthels apparatue shidhidn 8 havherein resqppngs

e g Gy DO Rt P3¢ AP vaI® identity the

delay threshold that corresponds to the code.

35. A wireless communications apparatus that enables obtaining delay budget
related feedback from an access terminal in a wireless communication environment,
comprising:

means for receiving a Medium Access Control (MAC) header from an access
terminal;

means for detecting a code carried by a subset of bits of the MAC header; and

means for deciphering a delay threshold that corresponds to the code, the delay
threshold relates to a head-of-line delay budget of a Radio Link Control (RLC) service

data unit (SDU) retained in a buffer of the access terminal.



particul ar Radio Link Control (RLC) service data unit
(SDU) froma set of RLC SDUs retained in a buffer of

w0 b@oaeess term nal ; and schedul e the access PEF/DH2089/033105
for uplink transm ssion based at |east in part upon
the del ay threshol d. 35

36.  The wireless communications apparatus of claim 35, further comprising means
for scheduling the access terminal for uplink transmission as a function of the delay

threshold.

37.  The wireless communications apparatus of claim 35, wherein a radio bearer
specific mapping between delay thresholds and codes is employed to identify the delay
threshold that corresponds to the code.

38. A computer program product, comprising:
a computer-readable medium comprising:
code for receiving a Medium Access Control (MAC) header from an
access terminal;
code for detecting a code carried by a subset of bits of the MAC header;
code for deciphering a delay threshold that corresponds to the code, the
delay threshold relates to a head-of-line delay budget of a Radio Link Control
(RLC) service data unit (SDU) retained in a buffer of the access terminal; and
code for scheduling the access terminal for uplink transmission as a

function of the delay threshold.

39. The computer program product of claim 38, wherein a radio bearer specific
mapping between delay thresholds and codes is utilized to decipher the delay threshold

that corresponds to the code.

40.  In a wireless communications system, an apparatus comprising:

a processor configured to:

detect a code carried by two reserved bits included in a Medium Access
Control (MAC) header received from an access terminal;

determine a delay threshold that corresponds to the code, the delay
threshold being a range that includes a lowest delay budget associated with a
particular Radio Link Control (RLC) service data unit (SDU) from a set of RLC
SDUs retained in a buffer of the access terminal; and

schedule the access terminal for uplink transmission based at least in part

upon the delay threshold.



