WD 2005/ 055533 PCT/ US2004/ 039690 QUALI TY OF SERVI CE SCHEDULER FOR A W RELESS
NETWORK BACKGROUND Field [0001] The present invention relates generally to
comuni cations, and nore specifically to quality of service scheduling for
a wreless network. Background [0002] Wrel ess comruni cati on systens are

wi dely deployed to provide various types of conmunication such as voice and

data. A typical rel ess data system or network, prgui Podoh i Pl € users
access to on‘gg(%?o\slylpr%?sé shared resources. A system nmay %leljél%g&#varg?ety of

nmul ti pl e access techni ques such as Frequency Division Miltiplexing (FDVM,
Time Division Multiplexing (TDM, Code Division Militplexing (COM, and
ot hers. [00031 ExQ@UAEITY OF SERVICESCHEDULERIFOR A WIREIXESSd dat a

systens. The following are severalmﬁw nples: (1) the "TIAJEI A-95-B
Mobi |l e Station-Base Station Conpati'bil Qﬁ%t andard for Dual - Mode W deband

Spread Spectrum Cel lular System (the 1S-95 standard), (2) the standard

of fered by a consortiumnaned "3rd Generation Partnership Project” (3GPP)
and enbodied in a set of document sSBAGKGRAUNP Docunment Nos. 3G TS 25.211, 3G
TS 25.212, 3Grikfa 25. 213, and 3G TS 25.214 (the WCDVA standard), (3) the
standard of fered b%)aa consartiyumnanmed "3rd Generation Partnership Project
2" (3GPP2YW%hG enbD8i BESTh MYERIOPS Tejalps, pererally 0, PRTmERIEAIGRY 420 MOFY e 2000

Spr ead Spect r gpeciGyalyenaiality bherid-seididing for A elatidys nettvotk. (4) the high data rate
(HDR) systemthat conforns to the TIA/EL4/1S-856 standard (the |S-856
standard). [00041 O her exanples of wireless systens include Wrel ess Local
Area Net wor ks Ba{kgkdid) such as the | EEE 802. 11 standards (i.e. 802.11 (a),

& hul 1 pt B0 o B ETEPR Rt SRR RSB TRY dferBE dei Batt O '
Frequency Di vio§¢apmunivhtioni spéhessivoige ¢r@Fdaty) Antypicdl aiteless daolisténg e setwdB0051 As
avai | abi e, i e JKEAY BE D moiliry ShR M Timatf iy BRGOTT
: : i e opened up the possibifity of advanced
appl i cati ons, Varstbefgnuilecisocss techpisiuesssuch/dsdisrquenic Bivisiont Multiplexing @PM)and var i ous
cLher ohol) CoaS AR YoM SISO T 0.
[0003] Example wireless networks include cellular-based data systems. The following
are several such examples: (1) the "TIA/EIA-95-B Mobile Station-Base Station
Compatibility Standard for Dual-Mode Wideband Spread Spectrum Cellular System"
(the IS-95 standard), (2) the standard offered by a consortium named "3rd Generation
Partnership Project" (3GPP) and embodied in a set of documents including Document
Nos. 3G TS 25.211, 3G TS 25.212, 3G TS 25.213, and 3G TS 25.214 (the W-CDMA
standard), (3) the standard offered by a consortium named "3rd Generation Partnership
Project 2" (3GPP2) and embodied in “TR-45.5 Physical Layer Standard for cdma2000
Spread Spectrum Systems" (the IS-2000 standard), and (4) the high data rate (HDR)
system that conforms to the TIA/EIA/IS-856 standard (the IS-856 standard).
[0004] Other examples of wireless systems include Wireless Local Area Networks
(WLANs) such as the IEEE 802.11 standards (i.e. 802.11 (a), (b), or (g)).
Improvements over these networks may be achieved in deploying a Multiple Input
Multiple Output (MIMO) WLAN comprising Orthogonal Frequency Division
Multiplexing (OFDM) modulation techniques.
[0005) As wireless system designs have advanced, higher data rates have become
available. Higher data rates have opened up the possibility of advanced applications,
among which are voice, video, fast data tramsfer, and various other applications.

However, various applications may have differing requirements for their respective data



2 transfer. Many types of data may have | atency and throughput requirenents,
or need sone Quality of Service (QS) guarantee. Current systens may offer
best-effort scheduling of requests, but in practice ad hoc access to a
shared respoipmsosse3s be the norm (i.e. Carrier Sense MRCTIUSROS4/8396%8S S
(CSMA)). Wthout resource nmanagenent, the capacity of a system nmay be
reduced, and the system nay not operate“efficiently. Furthernore, if al

traffic is treated identically (including ad hoc access or best-effort),

sone appl i cHMSHs Magy Bees phdapmay haymlptarey apd Heeyebautaieagirqments, gr nendr st y,
relatively [ 0 e@fAFhtee | NE S the art
for QoS sche‘gﬁvl: |dn%hﬁ8g8&:/v\nq%e @&Sg het vvoer6k ﬂt %;S &S%%g%?fﬁﬁ%gﬁ%f%gpect of
t he i nvent i s¢hedulingoofrraquestat bwrin geacticead b%a@b*seiova sHared rp$cm1rca| mayybe tfe r enot e

devi ces, Ssi il rsi.09 ur al.i ty of
time peri oggmpﬁ § g"‘%%r}s?@fu@pg%m%s%%%) \g}tg nFeSﬁ%rF% lﬁmrl'ﬁ). ee" tg ices in
each of thecapatity afiat yysefn tragebepeduads and:maaﬁysseﬁs nyySwespetagy effiefentlgur i ng
each of the Bpurallty;gftrtlne periaods, for each of a plurality of data

transmi ssi of WthRmeze i all traffie & teatrdrigentically (ingleding adibos E“é’eﬁoqrrbéétrfcff?aﬁ):ng to
the data tr %ﬁ%ﬁﬁic@tﬁbﬂs VO 19hitd¥PS Bay* AR EGhdién ra?§1‘?(1\’@%h1@ﬂ' kdlatl/ey 10@dM Ssion

profile and for allocating capacity in accordance with the data transm ssion
i ndi cat or. llaﬁemmomc}e@rstmlpgetTheamsathpwﬂqr@atn@p@ lmﬂmr@sﬁuﬁbﬁ srheddingrinrapr e
service |evel. Séle qWé t anot her aspect, allocation is nade for one service

| evel prior Ahot "service level. Remaining capacity may be all ocated
in priority of i ncreasing size of data transm ssion requirenent. In yet

anot her aspect, an adm ssion profile_is updated to accept a new fl ow,
characterized by flow paraneters, i [E\g%‘ﬁ&gnce with available system
capacl trypggMar | OUs) SHeBpechSNRE et @Eéﬁn&h@&tﬁ)ﬂtd%ﬂce Bl RR@EIRALGN OF THE
DRAW N 0007] FIG I's an exanpl e enbodi nent of a communi cati on system

[ 0008] FIG 02rqns>tad\eveo¢arapdep@rn’ﬂetﬁltit@ntadmissmn@mﬁl@mmmm plewliveof timee.  an
access poin u 09 | 1S t eduling for
data of thr é’gn&{ a%geé%%%ac{%g%ﬁy%urag IH% é/)r o%m °§((alilPor';:}t]"lceeljrnm{'é 4 V?CF gg%lsé?éc}la? I ons

[0010] FI G phurality Uﬁtljha'fpeﬁodsncmbﬁssssa suhsduleror, durisx eavhlof the (ikhlidy ofltite 5is a

fl omchart of an, exanpl e adm ssions. control ni.t ;. WO 2005/ 055533
PCT/ US2004/ @ﬁmofor régch ota a plura?lty ofS data transmiss1%n indicators, eterm?r?mg 13f a remote

device corresponding to the data transmission indicator has a capacity reservation in the

admission profile and for allocating capacity in accordance with the data transmission
indicator. In another aspect, data indicators correspond to one or more service levels.
In yet another aspect, allocation is made for one service level prior to another service
level. Remaining capacity may be allocated in priority of increasing size of data
transmission requirement. In yet another aspect, an admission profile is updated to
accept a new flow, characterized by flow parameters, in accordance with available

system capacity. Various other aspects are also presented.

BRIEF DESCRIPTION OF THE DRAWINGS
{0007] FIG. 1 is an example embodiment of a communication system;
[0008] FIG. 2 is an example embodiment of a communication device, i.e. an access

point or a user terminal,

[0009] FIG. 3 illustrates scheduling for data of three classes for a plurality of user
terminals/applications;
[0010] FIG. 4 illustrates an admissions control example;

[0011] FIG. 5 is a flowchart of an example admissions control unit;



3 [0012] FIG 6 is a flowhart of a generalized enbodi nent of a schedul er
nmet hod; [00131 FIG 7 depicts an alternate nethod for allocating remaining
capacity subsequent to QS scheduling; and [00141 FIG 8 depicts an

al ternat e wetldigshskgas al |l ocating renmai ning capacity subsEguUe0i4/B%I0S
schedul i ng when sone information about the data classes is known. DETAI LED
DESCRI PTI ON [ 0015] The word "exenpl ary" 3 s used herein to nean "servi ng as
an exanple, instance, or illustration."” Any enbodi ment described herein as
"exenpl P12l i s n&lGrielsadioarahps of o gengealizgsirmmbodianens of p pabedyledetbed; advant ageous

Syt om BB Sy ot Ermbienisia R Abe Cnghe BB G b B AR LB "1 00

conpri si ng Ac€QeSscirduling;@A®P) 110 and User Terminals (UTs) 130A - 130N

Access int 120 incl ydes schedul er 120 d dm.ssions control unit 125
(anong E’&r{‘ir conpb éntés,d%%%aiaflsaﬁ%‘?ajf%%%ﬁ?q %ﬁln‘?lﬁ%?t&ﬂgs rer%‘ﬂ{nrgof’aﬂfi‘ﬁ‘h 125
perforns adngubsgmés t£QBS Edhed @i wih a6kt Biforindflos shRE et tadddssestid Bfofwine -

Vari ous enbodi ments are detail ed bel ow. Access point 120 is connected to an
external network 140, i.e. the Internet, corporate intranet, etc., or other
data connection. In the exanp { rk 140 confornms to the

I nternet Protocol (IP), and thl@ﬁtﬁiria f?ggggln’?rﬁ%(?@ati on on the network
conpri s@®191P pac Kide svord Hasempddry’sisivséd hanein teemaart “sewiihg asr ancxxgmpleginstante, t he

i nci pl di sgl d | ' t. linted. h d b | d
Wty dar S TGP, A IoRes derebe SR R SBRLt 5o TR et o

connected tik RKétRedas protirie@ ok adviBtagdols BRI BIRE emBstimbik cation 150 wil |
resi de on a server ot her_ devi ce, including another user term nal,

or_an
that maOklt enpt HG: b&eriBhicaipxamplscammppieaien PP th ByiemylOhBclideser
termnals 13irefeQMbddMArke Nebiiiic (AN SPBARGIIAN Ao RS Pink RAPT 1861 ah el &
a ow, may t

as a data flow, or, nore sinply, A e established rough AP 110,
and the fl owseylehmingls {b5jspA8&A -t B30MNa1e Acessp@oini 120 Uicluden gekadpler ¢20 iandh
enbedded within it, via.an.aht interface 180. Siml.arl appl i,gat i ons.

Ui g o stndsions ek A top oo Sobpcnt Bl s RS ARIGEER, ey
attenpt to eshablubhl? penneadmBsiony dotral AdwchelubndLokclagples dah irafficl n

anot her user_termnal _or connected to the network 140. Agajn, such a
connecti on mA§HYs gaPadimeniser dqisilsd hRloap Acress Hout 129 lwwg@atpiaaﬁxmmi he

schedul er 120504 1308 $hPRerk@NEdrfiratd Mttandt2 Btc!, Br biRr 84S 88Shec. M thd 0 1S

for exanple only. In alternate enbodi nments, these need not be co-located.
In an al t er nexlamplendoletidineent, nefwerko t4thvoerdoraifstonthy Intermet Protecos {ddandethusind/ or

traffic communication on the network comprises IP packets. Those of skill in the art

will recognize that the principles disclosed herein are not limited as such, and may be
deployed with any data network. For illustration, applications 150 are shown connected
to external network 140. In general, an application 150 will reside on a server, or any
other device, including another user terminal, that may attempt to establish a data
connection with one or more user terminals 130 from time to time. Such a connection,
also referred to herein as a data flow, or, more simply, a flow, may be established
through AP 110, and the flow may be transported to the respective UT, and application
embedded within it, via an air interface 180. Similarly, applications running on a user
terminal, i.e. applications 160A — 160N on UT 130A, may attempt to establish a
connection with a device and/or application in another user terminal or connected to the
network 140. Again, such a connection may be established through AP 110.

[0017] The location of the scheduler 120 and admissions control unit 125 in the access
point 110 is for example only. In alternate embodiments, these need not be co-located.

In an alternate embodiment, one or more UTs may contain a scheduler and/or



WO 2005/ 055533 PCT/ US2004/ 039690 4 adm ssions control unit. One or nore UTs
may establish, through signaling, that a designated UT will perform
schedul i ng and/or adm ssions control. In this case, the designated UT is a
de facto aoaes®spssizt. The designated UT may change ovepctius®o4/03akpe Or nore
UTs may have a connection to an external network 140. Alternately, there
may be no connection to an outside netwotk from WAN 190. Al so contenpl at ed
are nanaged peer-to-peer connections. For exanple, an access point (or

desi gnat ed UAdmissieng qvatrelgenihd@inssironsreddlit mel eatabllishy tigokghdsibnaligef tat a
connecti on between.t her. user .termnpals . l.n.this fashiop: th at a
transm ssi ongeg%%]ﬁtre % %ﬁ” glitp \ °%%€‘§%E&H1?‘%gn%“%g°éeard§‘}ls“°£ﬁci’ 08%‘?15/ %nh@lsc%aﬁ ’rtgF

si gnal i ng suéhigasted EMUBSE Ge &iotd GaRtpints The AvsphdtddeUTtmayacttnge oedrtimte. from
t he managi ng_access int (or designated UT% riad cg figuration
including tHBS& BeFe VERIFEREECHPT o 3ng; E?mh%n%maﬂﬁ -u’@t%@& Feski |l |

in the art ifalbehb cOinebith tolBi ARG K THoth WANEA130P AgsoebRRAIpTR are
conprising an access pol nt and one or nore user tern nal S, connect ed in a

star topol oginanaged peerdp-paereednaertionsnpbrecyamipld, an aceess poigt (Wsdepighateddipl e to

Covent ion | omiop i, AARRKES (Bhud RABE ERERRLMER bl ditrk UG BOTRERS
of traffic, useclandinaly. fedlis fashion she date snsnissidn @sury direet]y hatelesm therpebesyand,

mul ti cast vide mn lications, and standard A TCP/.IP, web browsing, for
exanpl o, The hSMARE sPTaqtFlEnalite PR akrearestang SEapi s CATTHHES 107 TEReTeRr - For

exanpl e, var gemsthé hduseinByccBaVifl] (lt)if 8ésighatell VBN Y yANé AT gBFiOs inblRli@Eance
requi renents. Voice data is generally considered to require |ow |latency, to
avoi d del ay thess oriigns andoethere PdB seadily @dansed: biethopes plevkel} in theveehiarlightaf theus

voi ce encodi : i WYl | .

transm ssi on{'ég?hu\?ﬁg?lgfegﬁga%%%g%l%@é&ag62@@1%%&%??%%&%?%8? égli[ee(gt uilre
af f ect ed by wasectampimmise nonnlected lirew etar fiopmheeyeisraftennmed an €anmjle hewirhelt ihand, a

file downl oad, .for exanpl.e, .nay not. be as, s itive,to | atenc However, it
may be | mper MERSXERBE 1 AECHDY o jatow ASP oAt R SVEBRON. PHF BF AR

provi de acceapt@ivhes Renigcaanaeht 0 an array of antici pated applications,
schedul er 120 provides Quality of Service (gbng managenent. [0019] In an

exanpl e [Wdlodi menWLAN 49§ ineay; kandlegvasione &ypen © > dpcdiias reabme sl ve

traffic and BRAtaHAQ! Vidlb 3! ddnghBEhliticdd AidebC elthihd BbhdAGAN ol Sllfar@nd OF

placed 1n e QOS senhsitrve group. The renai nder

i s placed i nTCREP yebtbrowsifigyribr grampbe. Tod elthrd cgaristiGOofmBovagesdath epplioBimensi t i ve

traffic usi ngla? cﬁ QrdWFg;[r Q:xample, various flows may have differing latency and/or error
tolerance requirements. Voice data is generally considered to require low latency, to
avoid delay that would be perceptible to the listener. However, various voice encoding
schemes are known in the art which allow “lossy” transmission of voice data, i.e., the
speech quality is not greatly affected by a consistent low level frame error rate. On the
other hand, a file download, for example, may not be as sensitive to latency. However,
it may be imperative that the file be received with no error. In order to provide
acceptable performance to an array of anticipated applications, scheduler 120 provides
Quality of Service (QoS) management.

[0019] In an example embodiment, traffic is segmented into two groups: QoS sensitive
traffic and Best-Effort Traffic (BET). Traffic with stringent delay and/or bandwidth
constraints is placed in the QoS sensitive group. The remainder is placed in the best-
effort group. Scheduler 120 manages the QoS sensitive traffic using a bandwidth
reservation scheme, detailed further below. Admissions control unit 125 employs

admissions control to accept or reject a proposed flow based on the characteristics of the



reservation schene, detailed further bel ow Adm ssions control unit 125

enpl oys adm ssions control to accept or reject a proposed flow based on the
characteristics of the WD 2005/ 055533 PCT/ U, S20041039690 5 flow and the
anmount of wespus/@es33avail able. Best-effort traffic i s nmpoORgsmousbedg a

si mpl e round-robi n queui ng schene. These, and alternate enbodi nents, are
detailed further below [00201 In the e&arrpl e enbodinent, air interface 180
is a Mltiple Input Multiple Qutput (MM) WAN using Othogonal Frequency
Di vi si on Mulflavp e ithegameytigf resonfeee aytaplge| Pestefipit sradlioihvianaged ysinge? f ace

schemes may slﬂ‘ﬁ?l‘:’sr&gld-rioﬂ | by SJ(:JME“ se %ﬂ\%fe%ateéa Emb&RRBAEYUGS Gk as

spatial diversity, nmay be used to all ow nu e users to access one or
nmor e common furthebemees. Vari ous standards and designs for air interfaces

h def i ned h .. f i ssi.on.. i
ehar ed Wni cadf ot PeCatly cambosmahlar yersic "D eof ORRuRE BPSCREIEY < *and
one or  nDr et MINVEDYTHLA N 1€in P 026 EdAE Breqfdric @ Divisidh Qaal6ipking MOFDBL). | S

defined for signaling to nore than one destination sinmultaneously (e.g., a
message on tAEETREWVRKY verioupether iy inderfage sehemes maydieawed. drdpting FPML, yed for

devices to gpbiy AGHESRcHql Sudhelk Wit GReBity, tdPbe Lttt 26N InARIEYNcat i on

it be |
on the reverse link). Any confi gu\r@gtl on ogl %’ata aeng/or control "~ channel s may
be depl oyed teiachéss dniseorsmorsecafimom entprfasentVarioue standards Redalesiges forodir  whi ch

channel, or it channel e, users (i.e.,.appl.ications. 150.connected via
rotwork  2ach e BAPE desintl S 8F b el RS MRS R oT AR EEHER A e ea
resour ce. Thehared ChgeinRhtial teas@tes TihiCallys 808 bE BrotkS Edi@rod BRanakls ABd @n®br t he
techni ques detai]l ed below. One_or nore users are then granted access to the
shared r esouPe® datpiehammelsrarg piesaribed, Pfen 2 bropdagst qhm@bﬁiqegn%@d@bflg%%g to

princi pl es diselpsasheefifiod é?m\iﬁiﬂeﬁl#zy GYTURES A RS W3k 8Bink]. 08Rdd . FI G 2
is a block diagram of an exanple co ni cati on device, such as” a user
term nal 130angonagesessschpwichis depyedrios dbyioesks gaiapicetsetd tha netwosk éexanidTe

enbodi nent w |J . Ay S gf th nt s ;incl .Nn;either
2eer "tor m epnSEERRL RS ERREE U, IS SRTRRNEN I SRR
readi | y adapthatideds siahddi deploied hadin the sEdf@ of2the fppdsentsiavéntioan Ragurdhss oo f
access point or user ter 'rlcs%)m%?nfigurations. .Naot e at the use of the

terns forwarWlighahanagepsiie §Pe HreEdl ¢ PPl B i BersoER Lo . wWhen

an access pRightr 114 feHGhLONY) anRE Q&Bﬂé&ls Yol BccRssORS theSdhafel ORsRRE. USRE
termnals interact in a typical star topology, the terns forward and

reverse | i nkschedulegpilocatgsibe aesourss uding e toe dnora lpd ke, techraques slstailed belaw. pr esent
i nvention enﬁge”gratﬁgr%%s@rg apeotﬁerp Ertayl\t(gﬁ lz(igcegs\'\{g%ﬁee éh%re(anrgso%;ce. Those of skill in the
art will readily adapt the principles disclosed herein to various communication systems.
[0021] FIG. 2 is a block diagram of an example communication device, such as a user
terminal 130 or access point 110. The blocks depicted in this example embodiment will
generally be a subset of the components included in either a user terminal 130 or access
point 110. Those of skill in the art will readily adapt the embodiment shown in FIG. 2
for use in any number of access point or user terminal configurations. Note that the use
of the terms forward and reverse links are used for discussion purposes only. When an
access point 110 functions analogously to a base station and user terminals interact in a
typical star topology, the terms forward and reverse link are apt. However, as described
above, the scope of the present invention encompasses ad hoc networks (wherein one of
any of a number of user terminals 130 sets up as a de facto access point 110), managed
peer-to-peer connections, and the like. Those of skill in the art will recognize the use of
these terms does mnot limit the scope of the invention, but may serve as conventions

suitable for the context in which they are used.



any of a number of user termnals 130 sets up as a de facto access point
110), nanaged peer-to-peer connections, and the |ike. Those of skill in the
art will recognize the use of these terns does not limt the scope of the

i nvent i on, wudodMRyssser ve as conventions suitable for thercontasicod n which
they are used. WD 20057055533 PCT/ 11S20041039690 6 [0022] Signals are
received at antenna 210 and delivered t& receiver 220. Antenna 210 may

conpri se one or nore antennas. Receiver 220 [)erforms processi ng according to
the WLARP2EDO sy stSégnalsvené rﬂqelmat@@ten@as%wd\,de ivereho weeine280nidntnesslGyst em
st andar ds, t v vari ous
processi ng %}sf%g%c’% E%E ?E%gé%gﬁﬁé{ﬁ(g%%g\%g%) Rggﬁﬁ ﬁ%ﬁ%égégg%fn%m °
anplificatiahe VﬁbANoIﬁCt Gysthngl thich maynvcm'espmd wﬁhldrerornglpreﬁwuielteksesystehe

Vari ous technl fqr cei art. Receiver 220 may be
used to measii® ar T’léH ?St %Salf“?‘i‘a?g&stegﬁﬁ ggoP@’i’/v%‘?“sgevanf"fsrﬁ{oceéﬁl?glough a
separate chanpehs RAa8b lFrréq[ uBiidyl (B @ badedenil %omemh faRipliibaioh! nalfg to Aig@USSI ON.
A channel quality estimator 235 may be used to determ ne the quality of the
channel , andFonvfEsien dliering sl th@ré}k@ Virdous fepaiquan fer Tgeaidng atelmovan

conmuni cat i Sk ui red
duration of Odt?tr aﬁ%ﬁ@g?gﬁ%&%ﬁ%ﬁg@gﬁﬁﬁ%ag tamgaéf&lgf it C%Iﬁlreéér'?égrm ne
the anount dink; edtbarghes separatee eltmmelnqualitmlestimatre @36sis sowar dirmnghayty bf the
exanpl e enbodi nent

e TaoicEc, £ A b e SR s 564 S] B Sintind {ERBLesThe Do 1 hat

there are nejhynl, @60 RrEMRStd Ebtinatihe REppdambloied dafe. OWHEH at@mnélRic@tisA ne t he
anount of shared resources required to transmt a known anount of data over

a varying cHigiiseknows thepamennt of dafe ifkas te serdy QB EquiTed dviatems A GaRsarssiAgy

i nclude the ,gnpu Blftatﬁé“détaar% ﬁcﬁ@%&@x?ﬁmﬂ%‘ dphdunt BH é‘s s 1ts %df%ﬂ?dm er
could |nturn g determ hation o e anount O sto grant
based on t hesakef zacdzquc% acP@0g)y. Sy el exafpnembaknesy a2®®nmtmcadelmddubat ed in

denodul di d
St andar ds. . 197 RmEEs B 8%t S a Do SR QiR oihab & S et ati ng

M MO OFDM Slﬁlmafeﬁogrﬁzed&ﬁf alyee€l.ard Madltematices B ety nBntdsplogddt &I aﬂtale to
st andards may be, supported, and enbodi nents may support multip

communi cat i ofFIFBIF %mmm%%doﬁesoz%s ARAMIpS EF BRsmtadmova Q}Jinﬁ@f data
equal i zat i Onyye£g NGan:fle! REQht Qﬁéfﬁ:ﬂﬂe Ree4t R tr.a8HisMan hﬂy%&&da%e

functions as requi rgd by the fornmat of trﬁe recei ved signal s’ Various
denodul at i oremawhof @pﬂesndaa ehalaebgurlitynintlicatonr The behedwlemomidd sn pon,nakel,

derodul at or c?egemuql% omn 9 gIlnglEIl O?B%B'i\glsy%gools to grant based on these factors.
[0023] Signals from receiver 220 are demodulated in demodulator 225 according to one

or more communication designs or standards. In an example embodiment, a
demodulator capable of demodulating MIMO OFDM signals is deployed. In alternate
embodiments, alternate standards may be supported, and embodiments may support
multiple communication formats. Demodulator 230 may perform RAKE receiving,
equalization, combining, deinterleaving, decoding, and various other functions as
required by the format of the received signals. Various demodulation techniques are
known in the art. In an access point 110, demodulator 225 may demodulate according
to the reverse link. In a user terminal, demodulator 225 may demodulate according to
the forward link. Both the data and control channels described herein are examples of
channels that can be received and demodulated in receiver 220 and demodulator 225.
Demodulation of the forward data channel may occur in accordance with signaling on

the control channel, as described above.



to the reverse link. In a user termnal, denodul ator 225 may denodul ate
according to the forward link. Both the data and control channels descri bed
herein are exanples of channels that can be received and denodul ated in
recei ver 290 mnwhssspodul ator 225. Denodul ati on of the pornvsnd/deda channel
may occur in accordance with signaling on the control channel, as described
above, WO 2005/ 055533 PCT/ US2004/ 039690 7 7 [ 0024] Message decoder 230

recei ves denodul ated data and extracts signals or nessages directed to the
user tel0fF4hal 13Messaggcdecoderpdpitregeivesodemoriulatesk \latad aed exéeds seegnalsi pks,

respectivel y,.d @?ﬁ%@ctéﬁ%%ﬁk ﬂ% %@%?aé’c%sp%ﬁ 11537 3B fde3EL L1 NG

up, nmaintaini tearing down a a session on a system ssages nmay
i ncl ude redivkstrsspectivetyr dvtsssagssdaondertzsadsumdsssvmugmsﬁages wed angettimgriper - of
control channel nessaq.ﬁ? %\9| ous .ot her . nessage t}/ﬂgeiﬁare known, i n.the art
and may be sPEBRINEHY, Cafing dowp; §date EHAMPR At P8 Ts t AATASS Y H&@ﬂ%ns

bei ng supporik@ests The tRSSREES, hmisedn h@d of Qnpr AGESE 061 8ol Vhamtize 1 N
subsequent processin Some or all of t functions of nmessage decoder 230

nmay be car riBeseEs ﬁna%@b@rsla?sswotmﬂ%mﬁlalthmagthnétréamb%an@c% #hown for
clarity of ggg JRy: tain
informati ondtgﬁ sengﬁa t |°§é§?%%¥§%¥sp?lg§e 50 @‘[5‘ Osuﬁéém n Thed@?t&g%egag% e

such as an AlekvedéK torpreceponeS0ciontuselin wplbstdqwmt@mmmhtg arSemexarrplll eﬁ)the[OOZS]
Channel qual%tc:‘/t esti.mat or d? 4 réﬁnnec ed todrecel ver 220 5@@3 d for
making vari 3¢ OBBWEMMGSEARE | ICEAET faY &wad Bt crEed ioH! Pt BOsESPe4 E?‘i et
herein, as wakdret@slokRlis $2@mn fof cMAly GFUBsAS. RRAGABSIY) der6@Tatbn225 may
comuni cation, such as denodul ation. Channel quali tz?lsloestl mat or 235 1's shown

as a di scr et dcpfegrertamgnfogmatiqn gndotengjitdivestdy @mpreﬁﬁsyor (ESngobhBISREt such a
bl ock to be éé.lgfg%r z@aélé‘%ﬁ\gmo}%aw?ﬁ%}ﬁ?&rﬁ Ao KonBiol aftPexafibRiy €r 220 or

denodul at or type gnal strength estimtes ‘can be nade,
dependi 0§25]on V\hl(Eihnmlgndity ostlrWuocmiSSsg/s:tnemtctcyqoeeqesvebéR@]gnéssqdrfattIeakmg n

particular, for a Mtransm ve anten

O S L e A AR kSRR e o P o T

qual ity met rinCvagistd oMb Pidcdikiag Klséﬂayn Bsmm ke Pty £ Shch s ed@ufions h @htglel qual ity
estimator 235 within the scope of the present invention. [0026] Signals are

transmitted WRHYAHEAWE 23365 shamnas an%wﬁrfr‘tﬁéloa}aéoraclmtu&éﬂﬁcyssw ongnt Erhas.
Transm tted $HaR3 fr &l afﬁsa@tbtb%qnéogpdrﬁtem@%ﬁlta%thémoa@%Qéhdasr}gca& opg or

more wirel ess system standards or designs, such as those |isted above.
Exanpl es of or demodulator 225. Various types of signal strength estimates can be made, depending

on which signal or which system type is being estimated. In particular, for a MIMO
channel (M transmit and N receive antennas), the channel estimate may be an MxN
matrix. In general, any type of channel quality metric estimation block may be
deployed in place of channel quality estimator 235 within the scope of the present
invention.

[0026] Signals are transmitted via antenna 210, which may include a plurality of
antennas. Transmitted signals are formatted in transmitter 270 according to one or more
wireless system standards or designs, such as those listed above. Examples of
components that may be included in transmitter 270 are amplifiers, filters, digital-to-
analog (D/A) converters, radio frequency (RF) converters, and the like. Data for
transmission is provided to transmitter 270 by modulator 265. Data and control
channels may be formatted for transmission in accordance with a variety of formats.
Data for transmission on the forward link data channel may be formatted in modulator
265 according to a rate and modulation format indicated by a scheduling algorithm in

accordance with a C/I or other channel quality measurement. Examples of components



conponents that may be included in transmtter 270 are anplifiers, filters,
digital-to- analog (D)A) converters, radio frequency (RF) converters, and
the like. Data for transmssion is provided to transmtter 270 by nodul at or
265. Data @fhobanktdz9l channels may be formatted for tramses86i03959H N
accordance with a variety of formats. Data for transm ssion on the forward
| i nk data channel may be formatted in nodul ator 265 according to a rate and
nodul ation format indicated by a scheduling algorithmin accordance with a
C/'1 or ot herthghamnké impogiorated memedulaopd6? inckaiepinesderd, interigryrsnsmeaders,

2005/ 055533 PCT/ 04/ 0. .8 that may be incorporated in nodul ator 265

i ncl ude encdy Ofd%%{rse?‘?‘ga%\%gsr??e&spreaders, and nodul at ors of various types.
[0027) mesgage geviesadeogend@fdr 26§ nhy hesedd tt® ppgpeRanessages dgasonf typéel hous
types, as descrig)ﬁd herein. qu exanpl e, request nessgﬂes may be generated
to request aCEEWEdhgreIn QT S¥3MRIGTRAUCSTBSSFAgES 1% RS BPCL3Eho TeJUSHt 2°HEs &ges may

be generat ednf BiF idtéBee MriSnORiskibn. CEIPARSRdAndyaRURAbraltR ISRERSmiskRE 19r ant
message containing an allocation of the shared” resource available to the
requesti ng uswonsealprpghebt messrgcaxhgrpiant messpgeoientainingan allocgtion pbihe shisedages

Dot r ecel ven i R I Ao REER NP RlRbal 48 sl S a SR i | °0%C)

processor 250eskayes umg bt genbtdted m@itherin@atasopEnt 119 onesdr tamitabl3@r i ous ot her
conponents. Simlarly, data fqQr transm.ssjon . nmay be directed to dul at or
265" andlObRhnsm ¢ 1A 2o o FroeblBEl BasToRR e OHEY Yo B SR o
appl i cat i ons,rf&Ys0P 250 QRPN 84t cRhRERISHIns, 28 WellOfs t8RafG\RLIIRY cBIPERHEOr

i ncluded in the conmunication device 110 or 130 (not shown). An access

poi nt 110 neYibéladpristacios dranspigsignenan bk direpted Paeduwder, 2¢5andgrasyittengre

ext ernal net t er.net . or twor k.14 rm nal
130 or accesﬁé\%rpl)tl;qsf %%eééﬁgz %Sfay IJIBgC%xl% Sfe’a%ltﬂ’ﬁl%‘lg ?%gaa é%‘%lé?sga @dgié/?)(%ees%rﬁsﬁ%h as a
| apt op conpub@ssof 1260, ethawm)athdr PoR8soAirstided ut ére, commimicsios aleeide |l &0 0120,

descri bed abgve, resjde in pr sor . 250. An adm ssion ontrol wunit
195 mmy reai i (1o HPBEboNbAcosBIRILD Gy beRpisal ettt ST HESEaral ot ai | ed
further bel ayue dr Q30 bxRHALBEHOFks Z5veh A8 YheDBtePn el & eBlorR UB D0 FEudth Er@R{apCeSSOr ,
a digital signal processor (DSP), or a special -purpose processor. Processor
250 may per f oOmrssessaointagl1l0 By ekide imbink éhan @xtemégém@fb speipas gdprielul at or
225, rressagecoqﬁ%%g%{otg% channel quality estimator 235, message generator

260, nodul ator transmtter 270, or
[0029] A scheduler, such as scheduler 120, described above, may reside in processor

250. An admissions control unit 125 may reside in processor 250 Various
embodiments of these are detailed further below.

[0030] Processor 250 may be a general-purpose microprocessor, a digital signal
processor (DSP), or a special-purpose processor. Processor 250 may perform some or
all of the functions of receiver 220, demodulator 225, message decoder 230, channel
quality estimator 235, message generator 260, modulator 265, transmtter 270, or
network interface 280, as well as any other processing required by the communication
device. Processor 250 may be connected with special-purpose hardware to assist in
these tasks (details not shown). Data or voice applications may be external, such as an
externally connected laptop computer or connection to a network, may run on an
additional processor within communication device 110 or 130 (not shown), or may run
on processor 250 itself. Processor 250 is connected with memory 255, which may be
used for storing data as well as instructions for performing the various procedures and
methods described herein. Those of skill in the art will recognize that memory 255 may

be comprised of one or more memory components of various types, that may be



network interface 280, as well as any other processing required by the
communi cation device. Processor 250 nay be connected wth special - purpose
hardware to assist in these tasks (details not shown). Data or voice

appl i cat i oveo may/0ssessext ernal , such as an externally corpoeaszdsbhrREOOP
conputer or connection to a network, may_run on an additional processor

W t hin conmuni cati on device 110 or 130 (%ot shown), or may run on processor
250 itself. Processor 250 is connected with nenory 255, which may be used
for storing embuldedingshole 95 in pat pithini REPEESToH L5Yers araniary 26 hanay dejused for

procedures aggd;, -%%do; 5“3&%3‘3&@5’% REdBbik hegag;wgﬁorggkk bs duflatiD BorREdk! !

recogni ze tha e conprise one nore nenory coffponents
of vari ous t ypes mdrhadmissign el &G4 G5BSBBEIRECT/ US2004/ 039690 9 enbedded

i n whol in part.wthin praocessor 250. A ry 2 ma ed for
depl oyi ﬁ(gggne or a];%tp% eﬁﬁgﬁgse,m%ggmbeélécarf%ﬁ Lﬂéﬁgﬁﬂeswﬁ&pﬁﬁgdﬁi@m Pabl e
for storing dgngeclrhdionsy apposshdiplenef ifloes as dedliadd gditiply fibes ppetiow. A[ 0031]
In the exanpl e enbodi nent, a single Media Access Control PC) frame is

MA
depl oyed t hat"PREIAMSS 96HREANGRY GOInEIsEITa PIPEHHE HSMAE] framges. rrm(tﬁuszémpleo% per

UT. A super{La6® of sraehbpedind Nabeafampid s a plurality of MAC franmes. In
this exanple, the nunber of MAC franmes I1n a superfrane is 16. [0032] In the

exanpl e [@32odi menln, tha Gampleotmi@idaners) 2 (0GkY! Charmeh(CEH) e trarsmitiéreat thegi nni ng

of each MAC {ranme contai schedul.ing i.nf.ornat .on for_al ctive flows on
bot -t he 1 or e gl 8 A s RO unE s Co S R Rab FLE A R o Por var
| ink schedubéthghd forlvadidndtratedst s segments bt drt @ureat BIAQ frameRHodiarl @@t back
from UTs. Re\écﬁ]ége, l.i qu, SCh(idLll ing is faciljtated usj nqbgueue st at us

i nf or mat i on ylingiis éacqlitpted psing digk dafe gate infprpationifesdbprolPdd hyReyrse (e. g. |
the amount Oiinlgéd?@&dlfn)g i5 %ﬂﬁ%@%ibé qﬁ&fers%'n%tiﬁﬂ)rx‘%ﬁc?h alROkip1idR Rk denaad and
link quality). A dormant UT may use 'a Random Access Channel RCH) to
request syst edemationpreiled Ay Gbcess thoimeuntal capasity yegh¢stadsecordated withs, as
an option. 1, h ase, o d_peer-4 0-pee ect jons,
all transm sgg%g%{a%%?%n %%%cf/\lérg(n‘fuﬁggp' smérr%{i{%g[ﬁ]%ustehae %éifgglpé%ct% %)S\r;ﬁe}1 oF elt he
schedul er, m@CHptotre@rbteystam Putces. OAn heess sentl hakalschaisket REinkOI30 1t s
generally desirable tqo m.nimze tge del ay between the time ]ink status

i nfor mati on PRUGRe¥IGEHLAR e wese pla@iandgst Recrpr@et fonRseHans AR TARERPYsg

schedul ing  bRfRWERLDER U dddahemithd fespe@i b 1R schiif1 LGy X681 Aghay can
result in the data rates assigned i'n a given MAC frane to becone oObsol ete

i f the Radi oofreeersrelidsschedmling.

[0033] It is generally desirable to minimize the delay between the time link status
information is received at the access point and the time the resulting scheduling
information is transmitted to UTs on the CCH. Excess delay can result in the data rates
assigned in a given MAC frame to become obsolete if the Radio Frequency (RF)
channel changes before the resulting transmission occurs. In the example embodiment,
a target delay of one MAC frame (approximately 2 ms) is used as an objective.

[0034] In the example embodiment, forward link data for multiple UTs are stored in
queues in the access point. The queues may or may not be identified by data class type.
Alternately, respective queues may be maintained in applications connected through
network 140. In this example, reverse link data is stored in queues in respective user
terminals. Note that use of the terms reverse link and forward link do not preclude the
use of peer-to-peer connections (where data flows between peers, and not to or from the
access point, or managing UT), or any of the other alternatives disclosed herein.
Requests for access to the shared communication resource may identify the type of data

for which the request is made, or may be simply a single request that may accommodate



channel changes before the resulting transm ssion occurs. In the exanple
enbodi nent, a target delay of one MAC franme (approximately 2 ins) is used
as an objective. [0034] In the exanple enbodi nent, forward |link data for
mul ti pl e Uk anossélred in queues in the access poi nt.pdhesmogisedomay or
may not be identified by data class type. Alternately, respective gqueues
may be naintained in applications connedfed through network 140. In this
exanple, reverse link data is stored in queues in respective user

term nal s. Noulkiplervdassags & i exaraple embedimenier guest kmagdedor opvwabat of OFRMio not

precl ude theiise. Ofy RECHLEATRESL (SO0ASHE BITRNEE o 03bA Ll GMA. Bphren

peers, and n S poi‘n or any of the
ot her al t er n@sawes(i.elitsnd sistechimmedd, powelRethdSé:qSes‘tQmaﬁcﬁbs’Sthhﬁlhé teguaskiag ed

comuni cati on resou i dentif e type of data r i ch the request
o hde. or el et it DY sbpnors bred de e SEHal haynd cmrNRD b e
2005/ 055533 B HaAdimg QA43B 6/ Ationk0 Al édv&ht@g&bﬁ%ﬁﬁypel Bf Eéll@eﬁﬁarmétethe

enbodi ment, a request is made for a nunber OFDM “synbols. In the
alternative, “%ﬂF@ﬁU€§@Iwﬁ@aﬂéaﬁﬁﬁ%ui@Waaﬁ?n@6$9fdh3Ghmﬁﬁbbgh@@émeﬂﬁé%ource

(i.e. tine SJSQIE@B%Q%@Z(SPE&’S] E nof He r)eetﬁ&zqézkgﬁgﬁlgr%yenﬁﬁl e E budli E}%%ﬁgt 2 and

requesti ng ust € request si on anount
support abl e tevérse atkeghaohed (1 &,0n sMgnsmg vatidrnthe forearddini and sevesve liaklwentoage of

this type of i s a t edul er need not have access, t

reasur Gent SMSFRERY ERARHERD bk B plel SR TRNAg SRS EaRe gLt th

si tuati ons, f&@ém&é’&sﬁ*&leguttﬁm@ﬁ(ﬂ% bbltYof 2L efdioA® dhBenelYadlity hd@atok.h@&ny r ever se
| ink channel (i.e., in situations in which the forward |ink and reverse i nk

are not nec®88 | Tequest aTesoRIBINON of resupstyRRS) Ynayabe @geeBmodsd RBtthe peci fy
the amount ofthg., resource desired, but rather the ambunt of data and sone
channel quallty i ndi cat or . Any type of request, or conbination of request
types, 895lbe accinmebudty, adnztyybet Seumsicthadhe %miou$ 0G8Erminls art axéd, yl,thdugh may be
assuned that ,the var ter.mnals .ar the e of
the present. e dnBF Braigt intHiPharnd Bl s Bio i it e hindfgPe

access poi nt gcchys palnmﬂydﬁollﬂa UT it dibessseSHElafigrofdisatdsion. OFhalhed eiodbHe on.

Whet her nobile or nat, the wirel ess channel between any UT and the AP may
vary with tifenduibegreless chems! befsasamt UT ind dheAE ey vaiwglth time Qgpacity of

the forward @d}QJuQEaus%Vcﬁ ﬁt@rféﬂeﬁ'é‘e s, Bhphty B folfdd ah&or FA30Tn o
descri bed above, UT flows are placed |nt8 XQR]? two categories, nanely
best-effort andUEpﬁyﬁamSMElve Best effort service is provided for |atency
I nsensi Edo‘!ﬁ As described above, UT flows are placed into one of two categories, namely
best-effort and QoS sensitive. Best-effort service is provided for latency insensitive
flows. Bandwidth reservation, coupled with admissions control, is used for QoS
sensitive flows. Independent control of latency is also facilitated by scheduler 120.
QoS sensitive flows are allocated a nominal fixed fraction of the resources, either on a
per MAC frame basis or in a distributed manner over a superframe (i.e. 16 MAC
frames). The nominal allocation is a function of the source’s traffic profile that is
statistically characterized by a set of parameters that may include the average rate,
maximum rate, burstiness, maximum latency, etc. The admissions control unit 125 uses
these and other parameters to determine the nominal rate and schedule required to
satisfy the QoS requirements of a flow,
[0037] As detailed further below, the scheduling task is complicated by the fact that the
source’s instantaneous data rate and the bit rate supported by the channel can.both vary.
Many data applications have bursty traffic profiles. For example, MPEG (Moving
Picture Experts Group - International Standards Organization/International



fl ows. Bandw dth reservation, coupled wth adm ssions control, is used for
Q@S sensitive flows. Independent control of latency is also facilitated by
schedul er 120. QoS sensitive flows are allocated a nom nal fixed fraction

of the res%ﬁﬁ"ii{e‘?ther on a per MAC frame basis or ip-pyshedizédut ed
manner over a superfranme (i.e. 16 MAC franes). The nomnal allocation is a

function of the source's traffic profilélthat is statistically
characterized by a set of paraneters that may include the average rate,
maxi mum r at GEIedﬂM)téEhiuBﬂSSleﬂﬁS@idﬁDlmchddﬂn%daoedaﬁ exbitdt adnit S8 dREgeoRtibo! uni t
125 uses these her araneters to dﬁ%ennl ne the nom nal rate and

schedul e rechP‘foé %atT jerhie eyt rEgPNEIehths Birelessiqhgihel AYIATY As
detail ed furyiagy cﬂ@'t@‘éhad%%gsﬁﬁeiﬂt@ﬁbﬂaﬂcet @ﬁm‘éth'eﬁoﬁ%ﬂhé catigdhdivle hgixb@ct that

the source's iInstantaneous data rate and the bit rate supported by the
channel can. @dﬁwswlmﬁlppommda@a@@ Cﬁﬁmlirécalﬂsomsemkdel}’bur sty traffic profiles.

& gans S0 Bn 1t S h e R GEREYT s Rt b 3oRBt gt ancar oo

El ectrot echrﬁppﬁ:lpriﬁ@nmnswlm)pcem Qﬁeple&uvdao stafidiicelX iultiplexpenk Wienay eidge

rati os approaching 10:1. The sig to nojse rati o (SNR)..of the wirel ess
channel may WHMPS TCHEFY OtE & rtoémgﬂzféi@%“ﬁﬁ ’éﬁ%ilylbr‘?t*’é#"?@?‘%ﬁ@é“‘(‘\%?@ﬂ‘@?“or not

the UT is mﬂ?b\h@e(pfhe{( 'ai‘@gk)aﬂablém%éﬁ% la&é@nlﬁﬁ%?%rftﬂ%gllsedléj@ﬁ@oft@& Qta@btidale 11 nk
al so varies wdely QoS guarantees may be net and ‘good 'system

efficiency anhlilgkftleniglgymelmamge ambstaapqdr gyrgoad eystedrefisicoersrepdisi cy coupled with

statist] mul tipl exin flow. re qu S ,fesour.ces_o om nal
al | ocat ‘Ogﬁl it may e 5 P%%%Fléqa 05 ]tsf’lgrﬁa Lrgfse% rsgli d,ﬂ[m%?rgw 18ng‘8§¥ are
avai | abl e. \Metméatypofendenzhple ahbdditws iaae falopROrTRded sdsairtat incAMAC

mul ti pl exi ng, gai ns may be substanti al andggood systemefficiency results.
[ 00391 Var| oG AisoRRdReATalaR)e ta athes dlogs @ tswﬂtwan%m&%:wéaﬁﬂ npigntaRe et ai | ed

bel ow. %ﬁ%fe‘meﬁfs QREICRETRbR R tar!e %eﬁéd el @Wised USRI £S0Ur Ces
|naI\/AC fr are nade avallable to ot S sensitive flows whose

i nst ant aneoudistribgediiin eareringere $ok enhxithieey t}naomunbetr ol lﬂowatmmtmgaﬂlelrs@@&ed

first. Unused res%u ﬁ ??‘ﬁ di sépﬁ 1n ?\][onﬁt? 5 ol ae arlmm mSzesS

nunber of fISﬂ\greﬁ%E 8 ef i%&?‘%‘ﬁ% &' gt 5‘?{& LRE PRY Y he QS
sensitive flybest ffer Elodk @rd RFRAMeRY URSelfesQtces thdiebddisitibetd embng bews are
served next. Unused resources may be distributed anong best effort flows in

a round- r obi §fortfivEyn agoyndiopiadadnger. j A {rimess PeReY @%Pﬂtyanb]@’%‘iﬂp&)’é [ 0040]
FIG 3 jobkgist rat agcsahgduthdischofuidats: okt tRreRe clAs388: hYnuduR! S @lef ty of

user
terminals/applications. In an example embodiment, traffic is classified intro three

groups by the scheduler. Prioritization within each group is handled differently. In this
example, each UT manages separate queues for each traffic class. UTs may have
multiple flows in each traffic class. In the example embodiment, queues are managed as
byte-oriented buffers. Bytes in a queue are served using a first-in first-out (FIFO)
discipline by the scheduler. Any type of queue and access order may be deployed in
alternate embodiments. .;

[0041] The first class of traffic, Radio Link Control (RLC) traffic is associated with the
management of a UT’s radio link connection and is generally quite time sensitive. As
such, in this example, RLC traffic has the highest priority of all traffic classes. The
scheduler first allocates resources to UTs with pending RLC traffic. RLC traffic
typically constitutes a small fraction of the total resources. As such, for clarity of
discussion, except where noted below, the following embodiments are described with
respect to the next two traffic classes. Those of skill in the art will readily adapt any of

the embodiments described herein to accommodate a third traffic class, such as RLC.



term nal s/applications. In an exanple enbodinent, traffic is classified
intro three groups by the scheduler. Prioritization within each group is
handl ed differently. In this exanple, each UT manages separate queues for

each traff{yg Hha&ss;3UTs may have nultiple flows in eacped@hddm@bass. In
t he exanpl e enbodi nent, queues are managed as byte-oriented buffers. Bytes

in a queue are served using a first-in #2rst-out (FIFO discipline by the
schedul er. Any type of queue and access order may be deployed in alternate
enbodi nid23. ' [ OTht]seddnd dlasssif teaffxs Quafityt ofaBdriice (Rafl eenkitink fIGent reqhird RLC)

traffic is assocjate iith the managenent of a 's radio link connection
and is generrﬁ?rﬁfl“'ﬂﬁegteg\gthivﬁ%’ %aé?fg?t?ﬁsvg’. m r{neg cf‘u‘fCHiT% PfFFEugy fHHFe anEPic

traffic has dapgithifohestyips befstyt ¥at@f @9 senkiaild iNows ! 1ASE88 alldhieed Sabadil er
first allocates resources to UTs wit rfﬁendl ng. RLC traffic. RLCtraffic

typical |y cdoiestion of dae fotalgsuree Hequebringprdpisiopycantyl agdfur 868 . rafc daxh, for
clarity of | S i e 0 I ol i i ments
are describ O\?\ngtjﬁ%rgﬁgess b%ﬁ%ﬁ%raﬁ}ef]ﬁie’gt {ht%&x})lg? rca iog Q%F%ésggwsﬁg‘géégﬁ skill
in the art wubdtantisAylinmore ackaptcesthan aheir héreinehbtdbtienas desdikcheth feried n t o

accommodate a third traffic class, such RLC. 0 05553
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(Q0S) sensi treyrdel, MPendirRBa HoRy thEBYs@nblshtnagidredel i very parameters, to meet
needs such as maxi num | atencgﬁand/ or capacity for carrying bursty data. QoS

sensitiP843| ons rFhg thied laspcBEEdhes Hsniowast prioriiet | drivagetyt deteelgtignes rfasour ce
t hrough the i SSi . it. QS traffic has priority over Best
Ef fort Traf f}?‘gaﬁz %EI? ) %teﬁg&élh?!r)ﬂ&& ass of traffic. Flows requesting

subst anf0é] | y nohe Fi@shurdeslityhemuedes) 310A0wB AV, aad neodtinainfoar elunditeof | kel y

to receive degrade iC raffic nmay constjtute a substanti al
Paction of TroeRiiRae U oo BmaS Nold Bal s TbnTan b BBy iR nh 20t
admi ni st er edhoidtQ08,3for Th&atdiditralsAssion BET sudi@scaké)@hd WeSstpoitivatuld ¥novA
vari ety of techniques for handling BET are detail ed below [0044] 131 FIG

3, a plural i ¥gcthf Whirdygucues 1@Atain 3o clipe ofedath: aj Aedogaws Guepesudli by of
user termn = . . S R Nt ai in an
access poi ?{%ﬁi%,e @fno?@gyﬁg%%gﬁcﬁﬁsféﬁgrﬁﬁ%ggﬁggg | i such a crg%%l,lﬁﬁ e access
poi nt woul d d&noay netxadichte tehdincircepseno@d iaontegiest b Cimsalissssm whicld&taas or

[ term nal s

sncl ogous ausiss R te. LTRLNL Bl et A Soch b o SeReEtlye et e m
request for jhElaMBRb&EisRitioRs @Ad & k&8Bin®on of both, are detailed below. In general, one

of skill in the art will be able to deploy a scheduler for scheduling either the forward or

reverse links, or both, in light of the teaching herein.

[0045] RLC scheduling function 320 schedules the quened RLC data from each of the
respective RLC queues. QoS scheduling function 330 schedules the respective QoS
queues. Similarly, BET scheduling function 340 schedules the BET queues, which are
the lowest priority. The resultant transmissions are shown for UT A — UT N at the
bottom of the figure. Note that, as an illustrative exception, a portion of the QoS queue
310B is scheduled in the BET portion for that UT, as opposed to the QoS portion. This
illustrates an example of a request exceeding the nominal QoS allocation. In this case,
the BET allocation was sufficient to meet any remaining QoS traffic needs, and no QoS
degradation will be experienced. FIG. 3 serves as but one example of scheduling and
data classes. Various embodiments are detailed further below.

[0046] Two basic aspects are detailed below: admissions control and packet

scheduling. An example system employs an admissions control unit to control the



cl asses of data are included in the transm ssion request. Various exanple
enbodi nents including both situations, and a conbination of both, are
detailed below. In general, one of skill inthe art will be able to depl oy
a schedul exyd ahs,sckgdul ing either the forward or revergepysiaksozo®s both, in
| i ght of the teaching herein. [0045] RLC scheduling function 320 schedul es
t he queued RLC data from each of the ré3spective RLC queues. QoS scheduling
function 330 schedul es the respective QS queues. Simlarly, BET scheduling
function 34Gcse@de bedenidef %iﬁcquu@ﬁs sewditichrAfie Thét&hbmm/asha}pkdepltﬂatly The
resultant tr Sm Ssi o ar e shown the. battom of the
figure. af mitted @Pr’("slqnp&Et?IPBtttP\W,ﬁ“E%Bg}:‘?trlnt’iﬁ"tlaéedﬁﬁw PHIFIYFe t he QoS queue
310B is schedul ed in the BET portion for that UT, as opposed to the QoS
portion. This illustrates an exanple of a request exceeding the nom nal QoS
al | ocati on. Admisgiprs Gondtel the BET al | ocation was sufficient to meet any
remai ning QoS traffic needs, and no QS degradation will be experienced.
FIG 3 serves as but one exanple of scheduling and data classes. Various
enbodi 04y are détdasiteddafmatimam bmhbmc/. of| Q64 G]. eT@EDMsbrmbalsdet Snar be
det ai | ed bel ow 1 SSj,ons. contr d packet sch I|n | e system
enpl oys an éﬂW@%ﬁ@ éé?ftstl’cYFt‘i’i‘ % @g'%fgr?ﬁ;ﬁogte Fhiet B%S%Valrm’
PCTI LS2004/ Os?o&éiﬁorhelf&nﬁﬁ@eptf@ﬂy &8s féeweelfoptesﬁeﬂt&t ﬁefffco rthQeﬁals@raﬁabté ve
traffic. The schedul er eep track of the admtted flows and attenpt to
mai nt ai n thelie$0uﬁ@g(§1thtatlfé@3;n&ﬁé§ of sigaley parol claghniraf§ip.orssdicynted siboyQcay] | f
desired, n%; nunber of slots (i.e. OFDM synbols), FR, nmay be reserved
for QoS sensTtiiv thaffic. (FR may al so be set to the total numnber of
avail able slots.) The remainder, if any, F8, is reserved for best effort
traffic. The total available resources (not including RLC or _simlar
control class traff7& *d% di scussed above) are given by FA:(I?:, = FR + FR
(1) [0043] FR may be used by the adm ssions control unit to determ ne
whether or not to commt resources to a flow requesting a specified QS.
The adnjosgsjons camntmay beinsdd bynthy aenfxsioys vaitiod usit ttedetéﬂmjme waethabdramt t®
determ ne whether or not to_admt a.flow. &F@méoﬁ are. sone exappl.es, and
n

others wil| &R ESPUEES o1 ERW JPaYss iR FReEC fadmissions ¢FRYYI/ar | ous
source char aghebingRY vaRoYApdrARE SariBles S dSRREihE WeliheF 8F n&*@MRLSS 2 Aow.

Following are some examples, and others will be clear to those of ordinary skill in the

art.

[0049] Various source characterization variables may be specified. For example, a
bandwidth reservation request a,(i) may be specified for flow 7, which is a data rate
requirement in bits/second and may be computed based on the QoS parameters
associated with the flow. A leaky bucket model may be assumed when describing the
source, 1.e. an average sustainable rate, peak rate, and burstiness. A maximum latency
of the source d,.(i) may also be specified to derive an efficient method of scheduling
the flow.

[0050] Various link characterization variables may also be specified. For example, a

mean achievable data rate, ;( i), observed on the link may be identified (with separate

variables maintained for the forward and reverse links). (i ) is the average value of the

achievable rate associated with the physical layer for each terminal and may be
determined during registration/calibration. This value may fluctuate with time based on
the link conditions (i.e. fading, path loss, interference, etc.).

[0051) In this example, flows in the QoS group are assigned a nominal slot allocation

by the admission control unit based on these parameters. The nominal allocation



bandw dth reservation request a,.(i) nmay be specified for flowi, whichis a
data rate requirenent in bits/second and may be conputed based on the QS
paranmeters associated with the flow. A |eaky bucket nodel may be assuned
when descr iwa fgstd3§3 source, i.e. an average sustai nabl ecrat®ns/pedl rate,
and burstiness. A maximumlatency of the source d,,,a, (i) may also be
specified to derive an efficient methodl8f scheduling the flow [0050]
Various |ink characterization variables may al so be specified. For exanple,
a nean achi gwankeess that a fixed mymiref oj $lot@tys'1ébvehboawdtimg glvienltimdytebel i(cemti fied
(with separate var ned e forwa rever .nks) .
r(i) is the ’g\/eg?la]élédt\?ifi uP ﬁalfle{s PEe ‘?‘ff’%\?ﬁ F%serpﬂagn%%rg’ P Zema);a ﬁﬂcattl

physi cal | aygay festlt elaarﬁxteeammnbw ofadldls pRyMBE frekat,eorid Aigddll wlibeR@f slots per

regi stration/calibratian. ThIS value may fluctuate with time based on the
li nk condltl%’ﬁgrﬁ(“meéleflééil‘ﬁ a)h | oss, interference, etc.). [0051] In.
this expgpye, flawd semweatgépée BLIOHR (Y I%te%gbm&ﬁoﬁh@m a3l rafd @is Ghfipcat i on
by the adm'ssion control unit based on these paraneters. The nom na

al | ocati on Wi 2@@sligeb538, PET/1982004/ &a&w@ddllmn@ualpanme@sder hiat maetf itged

nunber of slots wll gcat en tinme int i nt eger
mul tiple of ]feﬁ‘élrrreese)nt %e%‘%%?ac a?‘neé S%LS lﬁaéélé'g%pé?%%fng}’ g{ovllf ad@ Rom en% Wélﬁr%gat i on
may result i med pmﬂbmuhdiﬂmmfﬂﬁ:l@ﬁﬁemrof%&tfcﬁmmltlpmm if proportionatier of
slots per superframe (i.e. 16 MAC franes)., [0052] If the source data rate
exceeds t he WM&WIHehsf iusere dhaing e TPONROCd alia 25nsTad MATY USCRoTest if gEeater

negoti ated rgfgiendne flow will require additional slots in order to meet its
requirenent. In tHese cases, statistical multiplexing may provi de adequate
fl ow maf®@sil to nwdbis pemnﬁle,cbhe dlvortiohakdigned Th@owfifis gvemtyyy of stati stical
multiplexing is proportional to the nunber of users sharing the resource.
In general, nore users result in greater efficiency. [0053] In this
exanpl e, the alloca $ g o flowi is given by: 0(i) @y mn(4nar.o00))
(2) where 0(2)= arw(p)n_(B) Non(/?g)) hat rxl inplies x rounded uzg, and O ,,r,
is an upper waewd i nposed on the maxinum allocation permtted for a single

fl ow. Those of skill in the art will recognize that, in some embodinents,
the smaller O,,. i s¢(n)adFr,((itﬂe greater the systems 3)

Note that [x] implies x rounded up, and ¢

max

is an upper bound imposed on the

maximum allocation permitted for a single flow. Those of skill in the art will recognize

that, in some embodiments, the smaller ¢

nmax

is made, the greater the system’s

efficiency. However, in certain circumstances, limiting ¢, . may potentially restrict the

coverage area for higher rate services. Those of skill in the art will adapt ¢, , in
accordance with this tradeoff, in deploying various embodiments.
[0054] The total allocation is the sum of the allocations for each flow in the QoS group,
Ny
N .
Fy = 24(1) )
[0055] The requirement for a given flow is given by:

b.(i) 5
p(i)= {(J S



efficiency. However, in certain circunstances, limting c,,. may potentially
restrict the coverage area for higher rate services. Those of skill in the
art will adapt in accordance with this tradeoff, in deploying various
enbodi ment sy 1004153 The total allocation is the sumof pheudohosadhons for
each flowin the QoS group, v,: Fx = 2Q(i) (4) ra [0055] The requirenent
for a given flowis given by: v (00) (160) = rr(i) (5) WO 2005/ 055533

PCT/ GS201) 4/ 039690 15 where b, (i) is the instantaneous bit rate of the
source and rhere b$i) idthe aRsAtaieshs Battrate ?ﬁﬁ(he )s@.l[’ice irfdl]&(zi) istiie obdaevell @htalrate on

requi renent |s v Na. D = yrp(i 6 0056] A service outage occurs
whenever t hetl 1’?3%& li“'eﬁ%’”@ﬁﬁ?ff‘“&%@é@sbyf he total allocation. In an exanple
enbodi ment, the adm ssions control algorithmdenies service to any flow

t hat causes the probabi I|ty of D> F, to exceed an outage threshold (e.g.
0.1% . Note that an QUK does not necessarily translate in an outage for
all flows. The out é)ge}g%g Habi | | ty associated with a specifi€’fl ow depends
upon the other instantaneous flow requirenents. [00571 In an exanple

adm ssions control enbodi nent, each UT with a QoS flowis assigned a duty
factor and MAC f;g é‘phase pararret er. The gl {act or indicates the

peri odi 89§l assoch aFEACSHORHET MSCWE HEMUFTeR ?ﬁ?fé veuiegent gEecsdsothe Oty 1

sl ot every 1fi,.M¥x fih %H%ﬂmpl&&b@&lﬁﬁ%ﬁ’t &@ra%%fsr%ﬁs &&ﬁﬂo?@l%@éthh%nﬂé@‘ger@{céne

i ndices for which transmssion for the flow occurs (e.g. to 15). Wen
handl i ng mul toi guydlo@ohaf bauses merprotiarb‘l,hty bie [+ Gyv toviek deetl e dmtaghehrbshdldgeg‘ actor
may dictate the schedule for all QoS flows _ assqciated with the UT. [0058]
Consi der t heO4 @)1 Hriciaesnpires dag &B‘}ﬂe@‘éﬂsqﬂyqua}lﬂé@ﬂlﬁt}éﬁ quﬁ‘gFIf‘@i allyflovg sume” a

rate requesipd %tag f r?%bﬁlﬁt?”%%@éﬁéd ) 0 a e@ﬁh‘d' ﬂG\RFEH Lpefis %ﬁ@n Srhé)to'%he?er

superfrane (1.e TO satisfty t te paranet rs for this flow, an
aver age of 2BsW@@Tcoss Jow repureMadsf r ane are all ocated. Further assune the

flow ha?(mgﬂmiXI m,ﬂp elnagx%rﬁqc e Q&n%ggrtls con?rol embcgc{u)nent each UT with a QoS flow is

assigned a duty factor and MAC frame phase parameter. The duty factor indicates the

periodicity associated with the scheduling interval for the flow (e.g. 1 slot every 10

MAC frames). The phase parameter indicates the MAC frame indices for which

transmission for the flow occurs (e.g. 0 to 15). When handling multiple QoS flows per

UT, the flow with the highest duty factor may dictate the schedule for all QoS flows
associated with the UT.

[0058] Consider the following example, graphically illustrated in FIG. 4. Assume a rate

request for a flow translates into a requirement of 375 slots per superframe (i.e. 32 ms).

To satisfy the rate parameters for this flow, an average of 23.4375 slots per MAC frame

are allocated. Further assume the flow has a maximum latency parameter of e (i) = 5

MAC frames (i.e. 10 ms). The following is a permitted allocation:

MAC Frame #4 117 slots
MAC Frame #9 117 slots
MAC Frame #14 117 slots
MAC Frame #15 24 slots

The admissions control unit constructs an allocation vector over the 16 MAC frames in

a superframe:



MAC franes (i.e. 10 ns). The followng is a permtted allocation: MAC Frane
#4 117 slots MAC Frame #9 117 slots MAC Franme #14 117 slots MAC Frane #15
24 slots The adm ssions control unit constructs an allocation vector over
the 16 MACWoamessisis a superframe: WO 2005/ 055533 PCT/ Wg2AG3440089680 16
A11=¢o0,0,0,117,0,0,0,0,117,0,0,0,0,117,24). (7) [0059] Let Ri] be the
aggregate sl ot aIIocatlon vector for Nﬁd6franes 0,1, ... 15. The adm ssions
control unit may then determ ne a phase shift, kA ofAli] designed to
reserve avaiIabiIiHV]FdD,&@b@eu&&hw,&HLéﬁb@i@ﬁSO,PHK24M-iIIﬁBtrates an
exanple Ri], and the result of a shift inAli] of kA = 15 summed with R 1].
[ 00601 Those of skill in the art will recognize various criteria that may he
enpl oyeqhossn det eLeriRi@ b\t\ﬁﬂﬁ:tdggfegﬁt@ sRe algrhtiéh fdcwforavid Chemnésm, gl.l.asatihean
accepted flow, For ex

a t he capacity of a me my | ocated to both
QoS and BET fBipfenRs cmﬁﬁ"@ U&M%Gé/atb?lb%t%w pRAaFq %%%e?fm aﬁﬂgnfzsiwﬁf‘éwse
adj ust abl e t deﬂa&n@afg@sda@&fﬁelngn1%éaftloﬁé ey 4 1lﬁﬁﬁa@§&hexaﬁ{dl@ﬁﬁ} bidthekligfe My
be a tradeoff between packing efficiency and the ability to accept

addi ti onal fPﬁmﬁuﬁmhﬁébﬁdﬁ—§ﬁwummwdvuﬁdﬁdrt mnll adapt vari ous enbodlnents
to make | ocat i on var| fact or
[00%{' P 9 of ékslfl in e recoomz s B tﬁat&@ﬁ l% Véig\éetd i gi ven

exanpl e, lati stich proper es o expec ed nunber

time, and t hEetemﬁﬁEC\t/Edhermﬁc&BﬁtzﬁﬂcSN ahd hd)\OWSal(dcate an pdsnaged dod,. dat yxargptd, or

etc.). [0061] Furtherpore, those of skill in the a ecogni ze the
eé% ﬁ@ﬁeﬁﬁ

potential trJ@&apIcIty Bht fidws My lacate! tefbpthc@%%aﬂ %%Et eFHAR B13Y For

exanpl e, consi ¢QEd ef M, M&hﬁ‘ﬁ? Ueaéd?us%ﬁ AR ﬁ&kﬁl@cafﬁaleh@wsm edcf be
satisfactorily transmtted during one slot ever C frane, achieving

an 80% packi plipcetidn, dicenmpy bap tadendf berersp packiag £f! ncz @uﬂl theblélltty brasaenttt ed
during one Shc?c{giticﬁl‘éFhXWE "“Drh'é’?é Mlég‘%ﬁ t}‘fM & vé}u“a(ags/@tsxla%to $%&5§b<ﬂ§1ent§ft£ L EhEney-
m I'e roma sy eme

The first schedul e Pefa I'crency perspective.
However, t heaksatem dSQhGﬁhﬂbﬁsddB.}bn bearloat tfectorsy dmnhadi@qumee)s:mil statisecaice it
n.to h ndle a decrease in link datg rate.
e

A adh 951 onPeEBHiEt & aq'}ﬁmte(ﬁaym%gr' A58y B8 V0i 1 SR BPE £ o
ggﬁggﬁﬁegevebmg&m@g&ﬁgb@gg%,pgﬁg@g{m§p§wgﬁumgpnance in establishing flow
[0061] Furthermore, those of skill in the art will recognize the potential tradeoff
between achieved efficiency and QoS maintenance. For example, consider a flow
whose rate and maximum latency allows it to be satisfactorily transmitted during one
slot every 4™ MAC frame, achieving an 80% packing efficiency. Alternatively, the flow
could be transmitted during one slot every two MAC frames with a 40% slot packing
efficiency. The first schedule may be preferable from a system efficiency perspective.
However, the second schedule may be better from a QoS perspective since it may
provide additional link margin to handle a decrease in link data rate. An admission
control unit may be deployed with the ability to balance the desired level of efficiency
and/or QoS maintenance in establishing flow schedules.
[0062] FIG. 5 is a flowchart of an example admissions control unit 500. In block 510,
an application makes an admission request for a new QoS flow. The request contains
parameters for expected characteristics of the flow. Examples of such characteristics
are described above. Recall that, in general, the admissions control unit makes
admission decisions on expected parameters (i.e. averages). However, the scheduler
will be allocating capacity based on real-time data fransmission requests, which are a

function of the actual amount of data and the present statc of the time-varying

communications channel.



[0062] FIG 5 is a flowhart of an exanple adm ssions control emt 500. In
bl ock 510, an, application nakes an adm ssion request for a new QS fl ow.
The request contains paraneters for expected characteristics of the flow

Exanpl es ofw@beBngasy acteristics are descri bed above. Regalshoolifgkao i N
general, the adm ssions control unit makes adm ssion decisions on expected
parameters (i.e. averages). However, the7scheduler will be allocating
capacity based on real -tine data transm ssion requests, which are a

functi ofoed] t he adothiedk FPp tirt adofissthars @osind wnhievpiuese ite shaelityfoftchpacity

ti me-varyin ommuni cati o channel .. WD.2005/,055533 PCT/ US2004/ 039690 17
L0063l 1 b BRTTH B oR e BB S s ST 00 ar U ol S AR 1 1ty
of capacity off e etfretct @igtaasi B/knRew bl 0w loRa 3Behdgdiitede XAss bidigpl@gingsi on

profile, which is indicative of the expected data requirenents faor the
flows al ready! &ieHinipg hoxnodpenipirate parsdugstedoflovgdn dighi of #ycHee rofikcisr por at e

a request ed jdsaibdampol@indbaRer £XIR UNIPARIddiChibS: SURSPIAES aaygy W L

respect to FIG 4. Tn decisi 530, if there 1s Sufficient capacity
t 0 accommodatapatityeio tabsosurgbdatet the Sgerghputeaquiemastsyvs|Wellaas aap Yolo8uegenisenent s

biock a0, Lai o HRdge T C Y FRNBETTS Iy R Batrin Rrdltdb g he new

fl ow has beegenadihdstgd to thEheguegtiigapblidago@paldat@t the AeWalow I8 Heémadmiate
what ever process or processes are associated wth the new flow. [0064] If
there is not TBufEquestEist apRijsalen yoayi thegetiitifioivlistayek PEIGSS 9F GEREESE 0¥Bl ock

570. In bl ogk égtgd“ﬁg%&m'age rejecting the new flow to the requesting
appl i cation. T%en the process may stop. [0065] In block 550, after a new

f 1 ow hagoobélen adniftthereljs mudifficienheapacity, s denisigr bibck 630,tpyodend kaublleck AED.
comm tment for .the.new f.low. Those of .skill_.in the art wll .recogni,ze that

Chere are myf obekalls oy Atk 85y fenchn L i Bhisb arnllsfiPR T8 scope
of the presglbpricesaniy @sp. | n the exanpl e enbodi nent, capacity is allocated

in terns of OFDM_synbols. A MAC superfrane, consisting of 16 MAC franes, is
depl oyed®®3he  adW HeGko Oprlleria iew Ko hacheen adwiiad: meAky heradppssiondeeliles or a

number of  OFPINhSYADAL SommitnfRACHr MEGel TRIE THobOGAk AN R S6HT RESEAGEAtT | ow.

In alternate enbodi ments, other units of capacity may be allocated, such as
tinme slots ither TDNhpyst ways poweresentidg om advoskem profile E@dMnsthstserne ef e An

oM o1 o0 PSR RS RSP SYS e SR B b Y be

symbols. A MAC superframe, consisting of 16 MAC frames, is deployed. The
admission profile includes a commitment, or contract, for a number of OFDM‘ symbols
in each MAC frame allocated to each admitted flow. In alternate embodiments, other
units of capacity may be allocated, such as time slots in a TDM system, power and/or
codes in a CDM system, etc. An admission profile may be at varying levels of time
granularity, and may be of varying period length. Furthermore, a commitment for a
flow need not be fixed to specific frames. For example, a flow may be allocated a
certain number of symbols within a range of frames as part of its admission profile
commitment. The scheduler may have flexibility over which frames to allocate to the
flow, so long as its contractual minimum is met within the specified range.

[0066] In block 560, provide the updated admission profile to the scheduler. Any
means for making the admission profile available to the scheduler fall within the scope
of the present invention. For example, the scheduler may simply be able to access the
admission profile in memory shared with the admissions control unit. In an alternate

embodiment, the admission profile may be signaled or sent in a message to the

scheduler. The entire admission profile need not be transmitted, as addition of new



fl ow need not be fixed to specific frames. For exanple, a flow may be
allocated a certain nunber of synbols wthin a range of frames as part of
its adm ssion profile commtnent. The schedul er may have flexibility over
whi ch franeeo twsedskmcate to the flow, so long as its ceotmambuadeoni ni mum i s
met within the specified range. [0066] In block 560, provide the updated
adm ssion profile to the schedul er. Anylgmeans for maki ng the adm ssion
profile available to the scheduler fall within the scope of the present

i nvention. Hirwsenahpt eombihed watheduiaslyrrpnitidnieys toefoablitee cwreat sdsigsiome

adm ssion profile si.on I In an
al ternat e n%fil ”l*h%{l qﬁ«?ﬁ{&ée%%& pr OE’% Gt Bx%%s% paay. ge ?gﬂegtg&) as %2%1% 8
message to tdeelredstchﬂﬁkulappshcaf[m terﬂsenvebadlmushmmtberstmedlﬂerneed not be

transm tt & ew V\D 1@5/ 05553 P(fT/ US200-1/039690 .18 fl ows
may be 5’8 |ned }‘Jﬁg‘é’v B B3 'Ea ReemPBRsT B thecdrissns PR % A% Willini ssi on
profile. Thqeaélligbea LeROSShERYofSkBPin Ok trhalieil P5RSDt FRYviPR FlEngated as

often as desiréd'to allow applications to reserve bandwidth with the
schedul er. [®oB@Eionota seuf 2 messaghadicatingasilovais 1wl laneds acqessmny ediltsradivebhe

O et s PLALY poERalh o A Y o900 ol bRSE OBl o Bkl o1
i ndi cating ahé Iadm/lssiSnmmdtmmgert t0 QeSS ﬁowAf tlterzrp@hcalmhys noaadhewng aitest may

be sent nodifyin fl ow. anot her on, a sche t he
o soi ons. oM TR TeRTe % Tt eRes i conmiat & HEEadori ng
to its contpackRdeMat 3AREENS-sublla SHehaR afARtiont MBy bt QWrcBBYo Remkie 1B f
conpletely, or relegated to a best effort status. In such a case, an

appl i cation mges%@ssp@m@édwm@ thedlein af thet QeS HREEEsS atsBYcheRB Mahi t That he
flow, if the

re-request a&@%&g}éﬁl q%f% ﬁggvl?l ESS&%EE&% ] uémt-cglhﬁ‘ii ustcd ? %aa#l%?etrét g&%s@%%ql sh a
QoS mai nt ai n@dS swemEiIcE satvude witleths sdhedilérdi.e. (serveee rsmgvmatmn} enegotiation). QS
Schedul i ng [0068] In a basic enbodi ment enpl oyi ng QS scheduling, a request
for transmssion (i.e. access) is made for a flow. The request need not
identify theobypéetbilidar affic for transmssion, it may be sinply an

i ndi cation of the amount. In this situation, the requesting application may
order the data in its queue in accordance with priority (i.e. QoS before
BET) . that i nhogi I with
one or'\ﬁg?ﬁ queueH;ll aalgsldlﬁ{?h as dl’i’fﬁé]gn arl}msgg@(ﬁ%lgﬁr%eagmh&lg]%l% uéggf(% ?g?%gfgd i nk
traffic, or{ienacaesshi 1samaden@>rasﬂcam dbe esmepokeat nmrldmmfaghmglpormé trafficnfor e

eer -t o- peer_connect i . .
P P transmission, 1 méy be simply an indication of the amount. In this situation, the

requesting application may order the data in its queue in accordance with priority (i.e.
QoS before BET). Note that in an embodiment in which the scheduler is co-located
with one or more queues, such as in an access point with queues for forward link traffic,
or in a UT acting as an access point or managing one or more peer-to-peer connections,
as described above, a request for transmission may not be necessary, as data in the
various co-located queues is indicative of the need for transmission. In a basic
embodiment, the type of data in the queue may not be known, in which case the sending
application should order the data sent to the queue in accordance with priority. In these
basic scenarios, QoS scheduling may be accommodated using the contracted
commitments indicated in the admissions profile.

[0069] Additional functionality and control may be available when additional
information about the queued data is available. For example, when the scheduler is co-
located with one or more queues associated with various flows, and the queues are

separated or otherwise provide an indication of data class (i.e. QoS or BET), the



as descri bed above, a request for transm ssion nmay not be necessary, as data
in the various co-located queues is indicative of the need for

transm ssion. In a basic enbodinent, the type of data in the queue may not
be known, iwo whseisssase the sending application shoul drordszot/wemat a sent
to the queue in accordance with priority. In these basic scenarios, QS
schedul i ng may be accommpdat ed using t helcontracted comitments indicated
in the adm ssions profile. [0069] Additional functionality and control may
be avai | abl esqbﬁ@ﬂeralgdwl Tesrve much rgagy:, read i b rvizab dite, tishewejting dringfaission.s The

avai | abl e, PO ENATRLE. pMIRR:! B SENGHIGI d3sCh diooBbeiont Ul Ugnghe T e

queues aSSOCIat arious gueues are separate
ot her w se pr ewvtbatEmant maydiecatacosss pdintithbiamah@ams q(wuee for@ﬁva@d LEETpws. tNeteV\D
2005/ 055533 PCT/ US20 at a,. and. of what

4/ 03969 chedul er knows
Cype, o awallth H§ SPAFARIS BROHCITE e LEHS Rvereatg TWhPOF 19 o Ao
different typRse thantdak %la§§8ﬂdﬁﬂaQs ahBctex 8RR £ sogbdadh BNt HBXCcHDL sehads;Cess
poi nt that naintains queues for farward link flows. Note that the

appl i cat i ons T{YPEliEk seedpagampy bobasinyas jusé descbedn aibdla fervard link sehedWingdat a i f
nore t han ong ¢l I %ﬁsga?gfags%%d%%fbg(gmms&% e to a UTl. In such a

scenario, rev rseﬁ? I'nk sche asic, as just described, while
forward [0070Kk scheQptiomly, areguest cfmuunansmmmonamayoméwatatthe clagsssfedaty. dEsootebed

further belo 0070 tionall reques or transni SSi.0 i ndi cate
e o soC of iy ohe e iR e Yem B o SR I DY bl niy SRl TRy e £20 7
UT), it requestachBypd Mu@&txtaﬁsrh@yibmmhlmas@aﬁdﬂs&wﬁeﬂﬁay h&olfitas Blagsdfon. I n
this case, the schedul er may account for class of data as it does wth

co- | ocat ed qddaasit dpesovith coalRgatebadsiupat i on of request types and queues may be
depl oyedogf hin apy, z\ﬁc@ﬂ%g{aﬂ&ptof fg@gpgfﬂ@é ¥ue§'rﬂ’9y36et@éﬁ?oy@@‘4ﬁﬂﬁﬁgﬁ of

specific knova edge en It proceed w thout such

i nformation wheedinenti s mhledlalmnhﬁbmlyﬂahe aiwntagmf@mmﬁnkm\aleégdml@hmmls may
utilize the ad %EIOI’I c stcogt 1nwe 1t1no Vv?ae sLg

appl i cati ons/T18 f(ﬁg rlrtlhglé ol 186’5‘??(1 1t s aebéibed AodvVe, to
realize QoS smbedinkhtng sﬂ&ﬂ&lfet hfy 1ﬁ1$1z€lﬂﬁac‘d’dhbssdmhﬁbﬁlleﬁas édﬁ&Z&]:d Betileagar t  of
a generalized enbodi nent of a schedul er method 600 i s depicted in FIG 6.
Met hod 600 nm¥yite apebertippyilewe apddhe adwissigny Goed amithed deseiisd ¥R os i n

whi ch nore a‘i’ééﬁ?é?egs Ed\@&‘dl&%%%néffts %H&cﬁﬁ@%ﬁl' s available, or any

conbi nation thereof further details an option of block 640,
sui t abl d0673F use Mblrwchmagga gyeealized embodiment of a scheduler method 600 is deplcted

in FIG. 6. Method 600 may be used for the basic scenario described above, scenarios in
which more advanced knowledge of data classes is available, or any combination
thereof. FIG. 7 further details an option of block 640, suitable for use when class type is
not known. FIG. 8 further details an option of block 64, suitable when class type is
known. FIG. 8 also illustrates other aspects of the present invention.

[0073] Method 600 starts in block 610, where an updated admissions profile from the
admissions control unit is received. As described above with respect to FIG. 5, the
admissions profile may simply be stored in a shared memory, such that the admissions
control unit and the scheduler have access to it. In an alternate embodiment, updates to
the admission profile are transmitted, and the updates are incorporated into the current
state of the admissions profile available to the scheduler. Note that commitments for
QoS flow capacity may be added or removed over time.

[0074] In block 620, the scheduler receives a plurality of transmission requests from a
plurality of user terminals and/or applications (i.e. received via network 140). In block

630, for each requesting UT/application with a contract in the admissions profile,



not known. FIG 8 further details an option of block 64, suitable when class
type is known. FIG 8 also illustrates other aspects of the present

i nvention. [0073] Method 600 starts in block 610, where an updated

adm ssi ons WO ghshesHBrom the adm ssions control unit i spPCewe2nedsIcids

descri bed above with respect to FIG 5, the adm ssions profile may sinply
be stored in a shared nenory, such that 2Phe adni ssions control unit and the
schedul er have access to it. In an alternate enbodi ment, updates to the
adni ssi on prédiorate capasity rupn inthet eantragipd apeanty pda tess cxamepls rabhogisieat edcint o t he

current  stahg, IcB!”'c?n g&sﬂ) ?1 @Qsc&fn%ﬁﬂeh%xﬁé{%hgcﬁg?%%@ %jﬂ o?sc?&gH'eErfor Not e

t hat commi t nent ow capacity nay renoved over tine.
[0074] In bltmnkmﬁmn mﬁecsrrhedmhr@r(am exaiplesf wmhw@scmbcd@bover\amh;mspwt on

requestsfrom al i r termnals r a cation
recei ved vi a® rﬁgw&’ uﬁfﬂtfdg‘yt HBF%@R as%’ﬁﬁpe% ‘%55‘%8???/ A8t iﬁ‘fé’ tB’fl cation
Wi th a cont ragite teE]uéshﬂ A 6f Qs Phiefd die to ViR &Qﬁﬁlaﬂ%ﬁ% @@Tdatm&/éé 039690
20 allocate capacity up to the contracted anmount. In the exanp

enbodi ment, YHEhSGRLAFITS Cata BN Ry HEGES AMOBR that ey h%ﬁ%é?enovseéﬁbm
nbol t f which
symbol s r eseéo\ﬁggctﬁlgr Int dRARRY! aéngtaf;bIgl g%élgv;'ﬁa h%”&hau{;}é}qﬁ:?( ?egl & 20R1i6n P Ic

is described ove W th respect ocat 1 on

associ at ed wapirityHi.s. OFIObksydB®1sydiynersddts, yatvies feje. X fogranemitiar desnetjaresing ebf anount
of dat a. Thi%lis due to the fact that variable-rate data sources often
generate nor Yata than the aver age anount that nmay have been used for

contractooregy. | n addilédkotuo, degriachabl edpadify toneina fbﬁbﬂ@@tlﬁﬂflaﬂﬂﬁly Bm&ivrde&w re
addi ti onal capamty(i.e. OFDM synbol s, tine slots, power,

transmit a CERGNECRYARBARMEIMSatsied requety shltpiathies dp 1@&@ 04 aradisplﬁeérslm
capaci ty renpids7hed s AcbQfRl ilfher bém\{r%éh% efipyhgled, r@fﬁaﬂlﬂgespécﬁ%a B Ng

unsatisfied requests.” Alternatives bl lock 640 are depi ¢ted in IGS. 7
and 8, descrillpeded vsinhary haibenof hest fom*t typbgditagemst For everiphd, ngpaciipaey by may be
al | ocat ed u5|lggate A nr%nb [ orf fbS st effort ti pe.strat elges{es For eXé rTBI e,
capacity nay P GOARERP, HLIRG PR s ALPRRE 2 thénraélnﬁ Arg
requests. | nelﬂlibd&h&rﬁrtﬂade@Ts%ﬁpﬁﬁhtlﬁﬁﬁWlth b&lﬂﬁnetemaaﬂlb&dtﬁﬁi IneNBanié iy be
contracted QoS al | ocatl ons in a_frane ven priority for. renaining
BET al | ocat i Bfen Py for W@at%PWta&]é?Pat’é’BrﬂéndﬁF %éfn theqsy thafesomieeillnfelfie of

their requestmafatr &t hoie Aatst! Abt Qll@&kﬂedﬁﬁ RBioclY 0 PiafBS (ﬁétd’z‘lt} gt ex%é&i@@d ed

the contracted allocation.” Gher fairness criteria nmay he enployed fo

al l ocating tthe comteqmdrvdbpatlmdd@thclotaameslsw@r@ wfy pe ewmplayed dori dlocatmg tbe

depl oyed, Sur%lr}la}n grt. SREEtional levels of prioritization may be deployed, such that some
UTs/applications are given priority in BET allocation over others. Any combination of
these techniques may be deployed. Additional options are detailed below.

[0076] Those of skill in the art will readily extend the teachings herein to additional
classes, and combinations of types of classes. For example, for clarity of discussion,
various embodiments described herein have omitted describing RLC traffic, described
above. In an example embodiment, RLC traffic may be the highest priority traffic, but
may also require a relatively small amount of the overall capacity. As such, one method
for accommodating this third, high-priority class of data is to allocate a small amount of
capacity to each requesting UT for which RLC data may be a portion of the request.
The remainder may then be allocated according to QoS or BET scheduling, as described
herein. Clearly, if RLC traffic is identified in the request, or otherwise known (i.e. it is
contained in a co-located queue), allocation can be made in a straightforward manner.

[0077] FIG. 7 depicts an alternate embodiment of block 640 for allocating remaining

capacity subsequent to QoS scheduling. As an alternative to the various methods



UTs/applications are given priority in BET allocation over others. Any

conbi nation of these techniques may be depl oyed. Additional options are
detail ed bel ow. [0076] Those of skill in the art will readily extend the

t eachi ngs Qeyr®hiskasadditi onal classes, and conbi nat i opsr/of20bypeso of

cl asses. For exanple, for clarity of discussion, various enbodi nents

descri bed herein have onitted describing!RLC traffic, described above. In
an exanpl e enbodi ment, RLC traffic may be the highest priority traffic, but
may al so redigharibedabaieathie\eaibpdisyrat bf lagubritO dbictedeingdiler dIrhaycledapiayyd toAs such,

one net hod cqqg;%) i 1,S.t hi hah-priori C S aisto
allocate a sa&]t%ﬁjpggonoun ]%%% agalé)%ﬂéb;sef yol?t @%’%@Pﬁ%}é"%e@% 1!l héveLJLih%?roFe%\{}\?]s?c "RLC
dat a nmay be teanpoissiowpraofed! frebloelk)@Es the redurests tiermicreoarallogayed, besnlpeardhllypcat ed

according to, QoS or. T scheduling, as described . herein, Cearly, if RLC
traffic is idarAN% iﬂéSE’iCh q%ﬂeg?%a %b,OV%raf%fw%F% b {i5otignest Taa! ipyerye
contai ned i '})r@pcﬁﬁbrﬂap@@tﬂﬂad(r)ég;%igéji%'l:zlee@r ;r%ﬁﬂn@npcﬁﬁéh Rerdgade thhidkk 720, the

strai ghtforward manner. [( depi ct's an al ternate enbodi nent of
bl ock 640 fgemahningceappeily iepbdoaicAdio wapaki Nyodebetdighest rapk- Qo theHuyll i ng.

As an alter ' t var i 5[ 0555 - 39690
21 descri begﬁg%%@lé ,CQI% h&%en%%g?@%tg? 8g%g::é?Cégfgﬁg’e%?tc%g%gf%lﬁég%g{%y be
depl oyed t o allatdteirptThty thexhakimemt menbed o eequedts Wia/ apphd eabmnelatchate have
their request .for transm ssion granted. In b]Jock 710, the reqyests that
wore una| oot ot SRS ¢ Pafiepoghipuarons Sied Brouknasn S HegtPrbog
above, are riadieRfles MdstibddhBoi. ghest rank inversely proportional to the
request size (or remaining portion thereof). In block 720, the renaining

capaci t {078 al | ot éascrileedr dapyeswhen theoschedulafhanlghedadee fkhe f¥pet ¢fed#d nal

al l ocation c ful 0 C Q@Si : t will
be partiall yﬁgogﬁ?%icgﬁ}ég& g%elﬁ'g ,Ok %{rhgqﬁ%% rtrﬂlfl%%r:fa%%aé@ﬁo rlté%hngéltra g}aﬁqgﬁtﬂ q@%n be
accommodat edschedaling dédisbn. edovilltdtratehthis pratipted conkhies tlenfotiowimgrdxample. n used i n
conjunction w.th_various, .techni que scri bed aboye. 00781 _As descri bed
Sbove, when e BEhEUEF BrEOR HOMEOG PR, Joe SPOals TSSOENE ed i t h
a request, Ofranhd) t AHEUBag {58t fot A AABED QBS MBY s it hikeQl MAfiAdIQUoddfioh BE
schedul i ng decision. To illustrate this principl consi der the follow ng

oxanpl e An Sleie b hrafme (rn Searaaaiord FiGath A& G HihdeT B§ive he

schedul er. | j, .2y argisggl'?ceflffg?t%’a &ff’r%ntalgl%&d’gfuﬁé.a@tﬁet?rﬁo?ftl \g% mfaf#!gr ?‘nto¥ ed QoS

flows that have a nom na | ocation ots w me (as in the
exanpl e of Hetivedjervide lin @S chitrewsMAC Frambedepeadihg wpon W lethes eéberarage aey vi ced

first in a Cllﬁl{ugee(in}“ﬂ rl\gg\c%r];és?”ﬁf thg Qx%np , %‘anlugrmge an?i}lnito crm ntl?ey anrllc%[nt of capacity
reserved for QoS services, as described above, and Fp may be reserved for best effort
traffic. It will be clear that Fr may be set to the entire capacity, if desired. When the
scheduler knows whether one or more partially allocated requests contain QoS data, and
other requests are directed to best effort traffic, the scheduler may give priority to
remaining QoS traffic. It may also be desirable for the scheduler to “work ahead”,
when a portion of F is not fully allocated, in order to reduce future loading. Using this
option to preempt current BET requests may be appropriate when a limited portion of
the capacity, Fp, is allocated to QoS service. However, working ahead (detailed below)
may be performed whenever unallocated capacity remains.

[0079] In this example, active QoS sensitive flows are segmented into two groups:

those with positive flow margin D", and those with negative flow margin, D™ :

icD™,if p(i)> d(i) (8)
ieD*,if p(i) < (i) 9)



receive service in the current MAC frane, dependi ng upon whether there are
any unused FR resources. In this exanple, FR nay be a |imt on the anount
of capacity reserved for QoS services, as described above, and FR nay be
reserved fovobesnsssfort traffic. It will be clear thatckRsomyogoset to
the entire capacity, if desired. When the schedul er knows whet her one or
more partially allocated requests contaid QoS data, and other requests are
directed to best effort traffic, the scheduler nay give priority to

remai ning QS traffic. It may also be desirable for the scheduler to "work
ahead" en a rtlon f FRis not fully allogcated, in order. to reduce
fMWem%mg ?%WR@%W%W%%%%W&W&W%@W%% sthaRy be
appropriate &h&a I ti pae dto
QoS service. al\a/tgrﬂqm Taﬁ% nglti at?gggﬁk%net %Tsclg %e{hgg/vha‘%rjﬁOSIt Vg f?§? I‘?
whenever unatdngdaitesd agaplaafivnysedshms, A6 that 008 bde atvtmile’é)leebo@rul}:elr@o%tkm{sm QoS
sensitive flows, gre segnented into two groups: those with positive flow
margin D, ahd'CREES WREHTne§itsviR ) oWityaPyitiyy BRt: receiye Ijhelr TEQUikeRIey > (i)
(3) i e D, b b whrfiohuleBke 00 20A5L0RRRR3 PCT/ | ] 52004/ 039690 22

[ 0080] Floms in D do not experience outage since their flow requirenent is
| ess t h@posl]or eqLIﬁID“t B nbhanpty ahtroaptiunosed slats melylb¢ mady avallabis td flovld intthiat have

ositive flow nar contribute to_a pool of, upused slots, elf, that can be
rade avai | abP8Uk GVt HFTCHS % RETRET 106 WA i PBIYS IR IORRIRGH EPAESR 0 D ey

or may not regel st ‘%}sm qUTHe Elve n@'ﬁi?@%@x{b%?s”to"m%@ e HOHS AL ogSour ces

are avail able. [0081 IS n en any unused sl ots may be nade
avai | abl e t oflfwomseting tlndlm QoS mqom«pnénts sThls iFhercanpdiskeeddbymamibenderiig thajlsws o
handl e the alJl gcati pn of unused slots to . active The

obj ective, if hb%setg%awﬁ}rélow WangS gy ey s, 1ﬁ§°WL}1ﬁlﬁb‘iheémmﬁ?sF @«gfﬁ:éévte? ng
their QoSre _ flows in
D- based on g:ﬁggfl%vav %@g@%ﬂﬁ et a{)ﬁg&@%%{h@f]}éw vﬁqﬁ%h@% eVta @r%al l est 1
na; | r Hmel]ves tIhehikiegdesit, thasdhedmelt dldchtat themininelnomginher ¢fesldls friompthe es t hat

ra, is a negative value. [0082] In_this exanple, the schedul er allocates the
i ni num nunb@FCewf MEEHY RO ﬁ%ml@\ﬁéhe Bighest Japm ey nnplaoqo achiexp I iETHE KM hest

rank flowin P) P QG 1E &N S IOt WBGSR ih éool Jg#}ﬁmpt&i)&eﬂpﬁc%vés

iterated unt| the eXcess margin pool Is exhaus or active Sflo
are served. QbS tlo@s lagsdersasS If {}ﬁ\llbst@'d)siﬂiﬁﬁ eshsidsred 0 ndtuhilly satied fit ﬁady bét may

be given a partial allocation. Flo that are not fully sati sfi ed may

experi ence dglg?raaganml allocation. Flows that are not fully satisfied may experience degraded
service. This example may result in a flow not receiving its allocation. In such a case, a
buffer overflow may occur and packets may be lost. To prevent this, buffer overflow
from QoS queue for a given flow may be placed in the front of that user’s best-effort
queue.

[0083] If, after serving all active flows, there are unused slots, the remainder of Fz may
be made available to the group of QoS flows that have data in their QoS queues but do
not have the active flag set for the current frame. This “work ahead” scheduling
capability, introduced earlier, is typically performed when the scheduler has access to
data to be transmitted in the future, i.e. data intended to be transmitted in the next frame
or frames. In one embodiment, the access point both houses the scheduler and
maintains queues for forward link data. Thus, the scheduler may work ahead, if desired,
when appropriate. In an example embodiment where the reverse link data requests are
scheduled for QoS based solely on the admission profile (as described above), the
scheduler may not know about future data in the user terminal, and, as such, only
performs work ahead on the forward link. For such a reverse link, the scheduler does

not distinguish between QoS and BET data beyond that which has been scheduled in the



service. This exanple may result in a flow not receiving its allocation. In
such a case, a buffer overflow may occur and packets may be lost. To
prevent this, buffer overflow from QS queue for a given flow may be pl aced
in the fromoohs5035813 user's best-effort queue. [0083] PpEy/Uaten39er vi ng al |
active flows, there are unused slots, t&g remai nder of FR may be nade
available to the group of QoS fl ows tha have data in their QoS queues but

do not have the active flag set for the current frame. This "work ahead"
schedul i ng ¥dYabpmetgecordng athe sdmissiopinspiile). sTl@w CRFE Phep@eF rtfedonAen t he
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appropri ate. eVer se
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reverse |ink mw:%ne%qiag‘c%ka@abc%e%téﬂmdn%ﬁﬁ g B Rt wesRcHRIrandyBEl data
beyond t hat V\/m ch has been scheduled in the WO 2005/ 055533 110
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reverse link se |nder 0 i s consr a7 by the
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connections using t procedures descri bed above. Note additionally, that,

from the per shiéeir phesepprapigter.UThatiip ingchive foswandping, logest thatrggoreaciive antjled in

any way desi Mg%t u ( a 1P ced in
front of theB%Eﬁ Ej?r 611%89#‘% %n ﬁggﬁshggéﬁtymg%%%e‘%gp ?nf%}v?o }%?%r%a Lr?f
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slots to the_jnactive forward |ink QoS fI (wor k ahead) one as
fol I ows. | nadbFy@arbraarts W}thm@ legrsamP Rt bRkt Sl larﬂ?%rrw‘zérmeﬁveﬁrfﬁ%r Qllhﬁf their

phase par anet@edutdih@htines td RAFHAL Werf Qfew@foqhbgemfactlb@@@s 1Bt uRECAINRe a6ki ve in
the next MAC frane receive the highest priority. Flows within this phase

group are piifGrire peeagiciroralleeb qusaes avmstiptiedes t he number of flows satisfied
(as des%dsgﬁed ab OP(I@ ‘8 depicts an alternate embodiment of block 640 for allocating remaining

capacity subsequent to QoS scheduling when some information about the data requested
for transmission (or co-located in a queue) is known. This embodiment is compatible
with the example of positive and negative flow margins, just described, and work ahead
may optionally be deployed as well.

[0086] The process begins in decision block §10. If there is no remaining capacity to be
allocated, the process stops. If there is remaining capacity, proceed to block 820. In
block 820, the QoS requests are ranked. Various rankings may be contemplated. In the
example embodiment, in order to serve the most requests, the requests are ranked
inversely according to size.

[0087] In block 830, the next highest ranked request is selected (the highest rank for the
first iteration). In block 840, remaining capacity is allocated to the selected request. If
the remainder of the request is greater than the remaining capacity, the remainder of the
capacity will be allocated. In decision block 850, if the remaining capacity has been

exhausted, the process may stop. If capacity remains, proceed to decision block 860.



Thus, inactive flows with the | east anount of data in their queue are served
first. The scheduler continues to provide work ahead to those inactive QS
flows until all the slots in FR are occupied; or all QoS queues are
enptied. [ 9aBHphsHdsG3 8 depicts an al ternate enbodi nent efT/kmedi66h0 f or

all ocating remaining capacity subsequent to QoS scheduling when sone

i nformati on about the data requested f@f transmission (or co-located in a
gueue) is known. This enbodinment is conpatible wth the exanple of positive
and negfB8ie f | ovinndeqtiors, bljm]st86d,eéﬁrth¢Jedareamfwikim1ak Qb&aﬂunyr@pﬁjmiognal ly be
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accor di A@gdjo Si 2&g)ofl0QF( lis heplgde@%ﬂﬁéfhasﬁeheodﬂ% to irgRGR! th%ta%ﬁ@' al'ie%GHQSt I's

sel ected (the hi ghest rank f the first iteration). In
remai ni ng capiionely If desakd, dh%ls@dduler miyew ek abeadeld fu@q’:u@gS framfes f\h@Xﬂﬂ@lﬁal nder

of the reque{slwtt})1 ﬂqu%tﬁégépﬁacw hleaﬁegcqas%%ocﬁg%?_ty, the remainder of the

capacity wl oca ecl st on if the remdining capacity
has beeos@xhaustiadlock380pmyaessinigyasdcopis dl]focalacpaadieweffcemmfﬁs Apybeseed to
deci si on bl ock 860. WD 2005/ 055533 PCT/ US2004/ 039690 24.[0088] .1 n deci sion
bl ock 860, i FHrhBEBoGMEY Jader!PYaln e S arthiL BB e =S HET EHEY isseredd,

return to bl Qﬁ%§§&md§%lﬁ%hédﬁ]ﬁn%ﬁfé¥hoﬁ' 3hes n LARKEG J&g%ﬁﬁmvﬂe%{ pgat the
process just described. |f S requests have been processe proceed

to bl ock 87dffefc0d8Ph aptosrdifBRDL hgsr tyerpm@ltseu apfoshnaltipdes frees wsadiatetevitioa
D cat e Ml UPhS AMGALL S gRRELONAbyc W fiSSLE R s ANSOTRRRHN GL TR o K

ahead to fut rmng su
ahead is desmutdomuab@m&:on{n&mgﬁ]w]lmtarvebQoSkscl&&(h 1tales4relseriandlthmgmtwpaleiotfy is

all ocated to. best effart traffic. Any est ffor e_depl oyed.
In an exanpl @%Nﬁ%&“ﬁﬂﬁ%ﬂtloﬁéﬁé‘i@??@ Wﬁf“ﬁy 1%)@7%3 lowgﬁ%ﬁc?‘&d‘&%d%d robi n
schedul i ng MedhEl suctGbrARaBRP ORI 9§§eﬂl% oﬂRar d}\/skﬂlﬁnfﬂ%r arf0S

differentiation across different user termnals, or across nmultiple flows
associ af®allwi t h dlt shyulddee m@thatﬂi@\a}éﬂ@renlbaélntt@ts@m%@dd abryeemethodigens caer ni nal

Is free to pyl théréﬂafxg ed %gh@? g{tr?%'fr’& | e g sEoReLt thO uREERITOIRE Getifitgyer @S

schene it desires
disclosed herein have in many cases referred to signals, parameters, and procedures

associated with a MIMO OFDM system, but the scope of the present invention is not
limited as such. Those of skill in the art will readily apply the principles herein to
various other communication systems. These and other modifications will be apparent
to those of ordinary skill in the art.

[0092] Those of skill in the art would understand that information and signals may be
represented using any of a variety of different technologies and techniques. For
example, data, instructions, commands, information, signals, bits, symbols, and chips
that may be referenced throughout the above description may be represented by
voltages, currents, electromagnetic waves, magnetic fields or particles, optical fields or
particles, or any combination thereof.

[0093] Those of skill would further appreciate that the various illustrative logical
blocks, modules, circuits, and algorithm steps described in connection with the
embodiments disclosed herein may be implemented as electronic hardware, computer
software, or combinations of both. To clearly illustrate this interchangeability of

hardware and software, various illustrative components, blocks, modules, circuits, and



inter-user prioritization are desired, signaling nay be deployed to allow
the scheduler to assist in such prioritization, as wll be apparent to one
of skill in the art. [0091] It should be noted that in all the enbodi nents
descri bed aboy®sosmishod steps can be interchanged w t hegtrdepaiitdg from
the scope of the invention. The descriptions disclosed herein have in many
cases referred to signals, paraneters, 3ahd procedures associated with a
MEMO OFDM system but the scope of the present invention is not limted as
such. Those stbs biveltieen destihidabbyergdnkrailp adietnys @lphéiy funbgoralityncWhéths shérein to

th t t Th d_other .modi f b
apparont T QTGRSR APRlRRR e PRy et Fo0S] LRl GPGRRT| i n

the art vxoulagpnmdem sﬂ@mlgmahsttaﬁﬁt@mmwm ﬂl@@véﬂagﬁ?dtéin mayillee artiseRegent ed
using any of, a van&ﬁy of different technaol ogi es _and techni ques. For

exanpl e, ~ datBPIeEt g dessined Teshormditad vardng reut {6 Facls PHERAr appligadiongy rpol s,
and chips tlﬂ@&ucm 1@§1eﬁt§1f1@rf ERERA s SR B intl BRARQ VEu HES L id Rl hrofRY De
represent ed by ?ages currents, electromgnetic waves, mggnetl c fields
or particleghe mQW @Ehe Pne@dnﬁglvomtlonpartl cI es or any conbi nation thereof.

[ 0093] e of Ll ther .ap tetht Ilustratlve
| ogi cal [-B&gﬁocks s[Irﬁrlodu 85 fi]ilsrtrg{ﬂje?% 1% anlOth 9 I%ejgglrélggscrl d’ i
connection VUohllibctlblleWHﬁrtb@émBﬁﬁﬁlSntd Id&ﬁio@&e}ﬁbré’lﬁ rn&ly%dﬁh)plé)ﬁeﬂtémdnepf&mhﬁdi as

el ectroni c hardware, conputer software, or, conbinati g@}s\ng both, To clearly
illustrate tWils?; %ﬁ“@rab RARGEE BIACPESYT. o digkal sidpal Pragrass r 87 ARICEHOR
illustrative Gﬁﬁpgﬂ%&éd cRbae KﬁSI(ﬂDQWeﬁlsprogﬂ&rﬁwbtesgatéﬁﬁay\@:ﬁ@ﬂﬁ@rpé@él?’?’
PCT/ US2004/ 039690 st eps have been describ above generally in terms of
t heir funct |m¢agammmyblevw@mdpws@c Hlsclfetsrmgatpowaltrangastps lpgip) élrrﬁ@mt@dlaabwamar dwar e
or software n raints
i nposed on t%g%&\]/%l?saw%if/ ?I%bﬁg%i ﬁlfgregf des sgrtfg%%rl]é@rﬂj ﬁﬁd’lhg&%n? Qifs 1%0%%} scri bed
functional i therdim X@eydraigpurysplootss@andy ljmaarrhicmplrcafesqaprbhlt mahé¢ sltgmatibeltthessuch
i npl enent ati on deci si ons shoul d not be inter ret 1c}éﬁas causi nﬂ?ra departure

e

from the scBPESHF Phe Oprad¥etnvERipank P@ﬁess?reﬁgatio MGEPSOBHEIST PustA %t i ve
l'ogi cal bl ocltgohifeodul sﬁceﬁmnﬁwﬁw 'bé i ?feﬁ{ehteadasl D cof®HA86H | boMpliting he
enbodi ments di scl osed herein nmay be enented or perfornmed vvlth a general
pur pose procEsies,, e&, di gianaiinatiognaf qarlbﬁbg@dr a( m8Pyprogassepp ipderelitgnof
specific i ntrggroigo%g sﬁ ) ?r&le 5r 1’(10 In@cropi% eésgllsq S QJECQthea 9)%&’ ol F‘Xn FPGA)
or other progr MebI 6 evi cer drscrete 2°0r tr ansi stor I C,

di scret e hardwarech conﬁguratlon.

[0095] The steps of a method or algorithm described in connection with the
embodiments disclosed herein may be embodied directly in hardware, in a software
module executed by a processor, or in a combination of the two. A software module
may reside in RAM memory, flash memory, ROM memory, EPROM memory,
EEPROM memory, registers, hard disk, a removable disk, a CD-ROM, or any other

" form of storage medium known in the art. An exemplary storage medium is coupled to
the processor such the processor can read information from, and write information to,
the storage medium. In the alternative, the storage medium may be integral to the
processor. The processor and the storage medium may reside in an ASIC. The ASIC
may reside in a user terminal. In the alternative, the processor and the storage medium
may reside as discrete components in a user terminal.

[0096] The previous description of the disclosed embodiments 1s provided to enable any
person skilled in the art to make or use the present invention. Various modifications to
these embodiments will be readily apparent to those skilled in the art, and the generic

principles defined herein may be applied to other embodiments without departing from



conponents, or any conbination thereof designed to performthe functions
described he ein. A general purpose processor may be a m croprocessor, but
in the alternative, the processor nmay be any conventional processor,
control |l er wognioes/eeeitrol l er, or state rmachine. A processpisiiayozatoso be

i npl enented as a conbi nati on of conputin devices, e.g., a conbination of a
DSP and a microprocessor, a plurality of® microprocessors, one or nore

m croprocessors in conjunction with a DSP core, or any other such

conf i gur at i ahe spii0e5}cophef steepsentibn.a Tives, Hodpwsena iryentidrhm e sgerideé to ba
connection wth the  enbpdj.nments, disclosed herein ma nbodj ed directly
o har dviar e, i, RS thel ERPEIAGT Sh eV L Halit BT, BaDp preadCh e ieft bt

conbi nati on @hsitte@ Wikbthe Aris@plev@ideonelded tres dBYlodedSefben.i N RAM nenory, flash
menory, ROM nenory, EPROM nenory, EEPROM nenory, registers, hard disk, a
renovabl e di sk, a CD-ROM or any other formof storage nedi um known in the
art. An exenghpl¥1$cq’ ggi umis coupled to the processor such the
processor can reaé information from and wite information to, the storage
medium In the alternative, the storage nediumnmay be integral to the
processor. The processor and the storage nmediummay reside in an ASIC. The
ASIC may reside in a user termnal. In the alternative, the processor and
the storage nedium nmay reside as discrete conponents in a user term nal

[ 0096] The previous description of the disclosed enbodinents is provided to
enabl e any person skilled in the art to nake or use the present invention.
Various nodifications to these enbodinents will be readily apparent to
those skilled in the art, and the generic principles defined herein may be
applied to other enbodi nents w thout departing from W 2005/ 055533

PCT/ CS2004/ 039690 26 the spirit or scope of the invention. Thus, the
present invention is not intended to be limted to the enbodi nents shown
herein but is to be accorded the w dest scope consistent with the
princi pl es and novel features disclosed herein. WHAT IS CLAIMED IS: 27 THE
CLAI M5 DEFI NI NG THE | NVENTI ON ARE AS FOLLOWS: 1. A conmuni cati on devi ce,
operable with a plurality of renote devices, and operable with an adm ssion
profile including a plurality of time periods and a capacity 5 reservation
for zero or nore renote devices in each of the plurality of tinme periods,

t he



communi cation device including: a scheduler for, during each of the
plurality of time periods, for each of a plurality of data transm ssion
requests, determning if a renote device corresponding to the data
transm ssion request has a capacity reservation in the adm ssion profile and
for allocating 10 capacity in accordangze with the data transm ssion request
when a capacity reservation is found. 2. The conmuni cation device of claim
1, wher ei THE €CLAIMSDEFINING THE INGENTIONAREAS FOLEOWS:dance with the
capacity reservation. 15 3. The conmuni cati on device of claim2, wherein the
schedul er further allocates renaining capacity, if any, in response to any
unsati sfiad daiacomnRinsdatios Héice! Sstrdid With & plufilieesf rehote devieasadag si ze of the
unal | ocated portion of the data transm ssion request, 20 4. The
comuni catIperable axjthea admissioniprafile inplyding @ pluraldy eltimepeiods and acapa¢ityy r ecei vi ng
a req EEStres@R'ﬁggrgﬁ)r L& ?Pg'o%eﬁgg%#ﬁc{sriﬂgwo? Fl'leglrlhrﬁlﬁgUFﬁltne pé‘iod-g,ht e
conmmuni cation device of claim 1, turther 1 ncluding one or "nore data queues,
a dat a tr ansmusghation deegaasludignerated with the presence of data within a
queue. 25 6. The cqmupi cati on deyice of.claim1,. further including a
transmtter foFSC}leﬁ‘élﬁ’sﬁf’thf‘%eaGHQ}[G‘F PIHERILY B time PWQ%&%’&:?C}?P%QWI’WQ t he
al | ocat ed (¢aRaerhhsission réq\Rsts EPSHIGTLF @ Fenthtd dRee QbrrédpBhdihglto théiddrer
i ncludi ng an adm ssions control 30 unit for: receiving a request for
adm ssi on tfapgmigdomrgqigsbhaspaapacity eeservatinnrie Sisaduiissign peofde andafonalfacatingf r om a
renmot e, devj ce:. condi t.i onal.} v 1Lting the flow n..t h I raneters, if
conbi nlepd W ?ﬁ?"l’ hneacgégg%‘lncseg‘f‘%r%h%?ag% Hﬂ r,ngiﬁ}r?ﬂ?%luﬁsofv h‘éﬁ;ggaen&cf)hxgeseg% gﬁ%’acapaci ty;
and 28 ndearfdyi ng the admi ssion profile to incorporate the flow upon
adm ssion. 8. The conmuni cati on device of claiml, wherein each renote
device may correspond to a plurality of data transm ssion requests, each
request associ q%@g%d%ﬁmcﬁion%eﬁ% ¥t im! 1€ Whkreindhe SchEdutQTIRHIIkSdloeRtioeVi ce of
claim 8, wherein the scheduler allocates capacity in response to one or
mor e tr ansmiepeidancerwithibe capagitsrssiredtiod. wi th one or nore of a first group of
servi C& | evel s in accordance with the adm ssion profile, and all ocates
remai ni'ng

3. The communication device of claim 2, wherein the scheduler further allocates

remaining capacity, if any, in response to any unsatisfied data transmission requests in

order of increasing size of the unallocated portion of the data transmission request.

20 4. The communication device of claim 1, further including a receiver for receiving a

request message including a data transmission request.

5. The communication device of claim I, further including one or more data queues,

a data transmission request generated with the presence of data within a queue.

25
6. The communication device of claim 1, further including a transmitter for
transmitting one or more grant messages indicating the allocated capacity.
7. The communication device of claim 1, further including an admissions control
30 - unit for:

receiving a request for admission including flow parameters corresponding to a
data flow from a remote device;
conditionally admitting the flow when the flow parameters, if combined with the

admission profile, would not exceed the system capacity; and



10 capacity, if any, in response to one or nore transm Ssion requests
associated with one or nore of a second group of service |levels. 10. The
comuni cation device of claim9, wherein the first group includes one or
nore quality of service guaranteed service levels. 15 11. The conmuni cati on
device of claim9, wherein the second roup includes one or nore best
effort service levels. 12. The communi cati on device of claim8, wherein the
schedul er: 20 ahédifyingdhke adapssian profila to ms@porste theoflomeparadmisseont r ansni ssi on
requests associated w th one or nore renpte devices having a capacity
reservation in the adm ssion profile, the capacity allocated for each

renpt e devg.ce |TheicbRehuhiRatidhedehRe BEEIhiInYE WiRRATCECY renid®e @sW@ImAN; t hen

al | ocat es renai n| ng capacit if any, in response to unsatisfied

transni ssi @Arespegd foplamiy céyﬁ@éiaa%@mw teRuestss sack fequest g3se@ate@vih a2 and t hen

al | ocates ?\n@éhmyg capacity, if any, in response to transm ssion requests
associ ated wth a second service level. 13. The communi cation device of
claim 12, wherein the scheduler further allocates 30 renaining capaci ty, if

any, in response to transm ssipn uests for data future
time periots aﬁﬁ&?%ﬂ‘%%ﬁsﬁvﬁé °¥1§CF]'§1§§§FW‘UQ° F‘g\?gﬁllerﬁﬁ\rg’f)artest‘@p?cl’\% 11 ocati on
in  responggnonse tb%qelsxsﬁqsreaﬁﬁﬁﬁﬂsﬁ&mgwstsfasstobﬁteaeﬁaxnﬁhe%emwec(ﬁalmmel 29 14.
The conmuni cation device of claim 12, wherein the allocation in response to

unsat i sfi egfovpefirestcs 1¢\§15pe a¢oordanee With e admisgipn profiles ard #llpcaipyemeiinghe
unal | ogat eg, E&@t ff%?n res%o*%%‘e oS otn%‘ of m%%l%?&n?rﬁfs%&i re‘aﬂéé‘?s atssoc?étejd%rhkn%%} hod for

schedul T ng, nore transm ssi on

requests fmomocﬁleedbhdgmnﬁoffeeﬂwmdew ces; and grant| ng one or nore of the
transm ssion requests in accordance with an adm ssion profile, wherein the
adm ssion profile includes a capacity reservation for the 10 one or nore

renote devjges. %Qon@uﬁlcﬁﬁ%d’&%c@fof@lhﬁi Mvlereid e FiRR ordu GhclsleS Bne drécei ving a

request for adm ssion including f E)aramaters corresponding to a data
f1 ow fr om @moreapalits of sayyieeguaranteed serv1ce vels

15
11.  The communication device of claim 9, wherein the second g-oup includes one or

more best effort service levels.

12. The communication device of claim 8, wherein the scheduler:

20 allocates capacity in response to one or more transmission requests associated
with one or more remote devices having a capacity reservation in the admission profile,
the capacity allocated for each remote device limited to the respective capacity
reservation;

then allocates remaining capacity, if any, in response to unsatisfied transmission
25  requests associated with a first service level; and
then allocates remaining capacity, if any, in response to transmission requests

associated with a second service level.

13.  The communication device of claim 12, wherein the scheduler further allocates
30  remaining capacity, if any, in response to transmission requests for data in one or more
future time periods associated with the first service level prior to the allocation in

response to requests associated with the second service-level.



15 conditionally admtting the flow when the flow paraneters, if conbi ned
with the adm ssion profile, would not exceed the system capacity; and

nodi fying the adm ssion profile to incorporate the flow upon adm ssion. 17.
The net hod of claim 15, further including: 20 determ ning, for each of a
plurality of tinme periods and for each9of a plurality of data transm ssion
requests, whether a renote device corresponding to the data transm ssion
request hdd. a Thpammynicaiordedtd afitldim 12 wixalein shei alincation in teeponse® al | ocat i ng

ity i d .wWth the d . 1 SSi t . th it
Caoorvat i ORPRENTLeGRES i Cuginarit P B shesee ot AT RB P e &l m 17

wher ei n oriig: dafa thaEMiseibn tdigestiat @ transmi ssion requests are received fromone
or nore renote devices. 19. The nethod of claim 17, wherein one or nore of
the data transm ssion requests 30 are generated in response to the presence

of datg wikhi ”AarnélH@dJi%rs&]Qduli-ﬁgemE’lﬁ&iH d of claim 17, wherein each of the
plurality of data transim ssiofR requ&sts corresponds to one of a plurality

of service | evedcsiving(at a3thediler one biraore dfansnhission RQuestsimeone acapaci ty i s
‘al l ocated fi rstd f.or data transm ssion requests corresponding to a first
servi ce | &YBY AEHEFSr&tai ni ng capacity, if any, is allocated to transnission

requests corregpanth s dr hdPESE (AL triRfrfssRR GRSt S Rlaébdr@arkc€Withan 5 22. The
met hod of claim 15, further including: accessing an adm ssions profile to

det er ni ne admissine pofileravherein thnsdmissorprofilsduabudes a capavity serugtvodprthed

Ireser V@tl Qe bpm§£?ex§&@d?‘ﬁ&e%Ps. profile; allocating capacity according to the
ocated reservations; all écCating renmai ning capacity to renaining

transm ssion requests; and 10 transmtting one or nore grant nessages in

accordance wth, the capacit | | ocati gn. 23. The communi cati on device of
claimai, aﬁer eit}hemﬁ%w‘iaﬁﬁglgh% H"Flégir@: created in accordance to a duty
factor and a f{RBRingRaefesiIbr ABsfn iNQLENGAER phraRbRrs chPredbndiff®a |
comuni cation device of claim1l1, further Tncluding: neans for receiving a

request f olatadlom fsrn ememote dendéeng f 1 ow paraneters corresponding to a data
flow f]rsom ar ewdﬁioqlﬁlw go%itting the flow when the flow parameters, if combined with the

admission profile, would not exceed the system capacity; and

modifying the admission profile to incorporate the flow upon admission.

17. The fnethod of claim 15, further including:

20 determining, for each of a plurality of time periods and for each of a plurality of
data transmission requests, whether a remote device corresponding to the data
transmission request has a capacity reservation in an admission profile; and

allocating capacity in accordance with the data transmission request when the
capacity reservation is in the admission profile.

25
18.  The method of claim 17, wherein one or more of the data transmission requests

are received from one or more remote devices.

19.  The method of claim 17, wherein one or more of the data transmission requests

30  are generated in response to the presence of data within a queue,

20.  The method of claim 17, wherein each of the plurality of data transmission

requests corresponds to one of a plurality of service levels.



means for conditionally admtting the fl ow when the flow paraneters, if 20
conbined with the adnission profile, would not exceed the system capacity;
and neans for nodifying the adm ssion profile to incorporate the flow upon
adm ssion. 25. Conputer readable nmedia for causing a processor to perform
the nethod of any of 25 clains 15 tos®@2. 26. A scheduler for use in a
communi cati on device according to any of clainms | to 14 or clains 23 and
24. 30 2721A cOhemetheddf daimiky vbereimwapdcitnisi albéafedfirstfor ddtmtraamissioned wi t h

reference to the accqnmpanying draw ngs. .28. A nmethod of schedul ing
subst ant i é?quﬁs‘%\%"“l’?éﬁ"ég‘:‘?gé‘éggfs PREYCm® ‘ﬁ PEFLPURES CIRGCIN a“é{c‘ééﬁifﬁﬁai ng

draw ngs. (g transmission requests corresponding to one or more second service levels.

5 22.  The method of claim 15, further including:
accessing an admissions profile to determine if one or more transmission requests
have an associated reservation in the admissions profile;
allocating capacity according to the located reservations;
allocating remaining capacity to remaining transmission requests; and
10 transmitting one or more grant messages in accordance with the capacity

allocation.

23.  The communication device of claim 1, wherein the admission profile is created in

accordance to a duty factor and a frame phase for one or more data flows.

24,  The communication device of claim 1, further including;:
means for receiving a request for admission including flow parameters
corresponding to a data flow from a remote device;
means for conditionally admitting the flow when the flow parameters, if
20  combined with the admission profile, would not exceed the system capacity; and
means for modifying the admission profile to incorporate the flow upon

admission.

25.  Computer readable media for causing a processor to perform the method of any of
25  claims 15 to 22,

26. A scheduler for use in a communication device according to any of claims 1 to 14

or claims 23 and 24.

30 27. A communication device substantially as herein described with reference to the

accompanying drawings.

28. A method of scheduling substantially as herein described with reference to the

accompanying drawings,



