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[0008]  The MAC gets data from the radio link control (RLC) layer. The
interface between the MAC layer and the RLC layer is formed by logical

channels, or radio bearers (RB). Each transport channel can carry more than one
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RB. The RLC nmaintains a buffer for each RB; each

buffer contains a set of RLC service data units
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[0014] Both UE and Serving-RNC (S-RNC) sides of a universal mobile
telecommunication service (UMTS) - time division duplex (TDD) network are
discussed.  In particular, the strategies for the TFC selection and related algorithms
are presented.

[0015] Before selecting a TFC, a set of valid TFCs must be established. This
set is referred to as the candidate set. All TFCs in the candidate set must generally
satisfy the following six (6) rules: 1) belong to the TFCS; 2) not carry more bits than
can be transmitted in a'TTI; 3) respect the TTI compatibility (i.e., the TF of a TrCH

- cannot change in the middle of the TTI of the TrCH); 4) not be



in the blocked state, as defined bel ow, 5) be
conpatible with the RLC configuration; and 6) not
require RLC to produce padding PDUs. If all TFCs in
the TFCS require padding PDUs, this |ast requirenent
can be ignored. Exanple enbodinents of the present

i nvention seek to provide solutions for the last three
(3) requirenments. [0016] The blocking criterion is
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frames could be as few as two (2) or four (4) or more, with three (3) consecutive

frames being preferred. This is also the case for all subsequent criteria for non-
mutually exclusive timeslot arrangements for UEs and S-RNCs.

[0020] The MAC is divided in MAC-c and MAC-d. MAC-c is responsible for
common channels and MAC-d is responsible for dedicated channels. On the UE side,

there is a single TFC defined for the common channel, and thus TFC

3.



3 selection does not apply in UE MAC-c. On the RNC
side, TFC selection is done in MAC-c and MAC-d.
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transport channel and the TF for that transport channel. The check for padding PDU
compatibility is performed only in logical channels configured for transparent mode
(RLC-TM)

[0025] The TF determines the number of TBs and the TB size needed. The

first step is to determine how many PDUs can be generated by all logical channels in
that transport channel. This determination must consider the TB size and if
segmentation is allowed or not in each logical channel, and comprises the following

steps:
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ii. if no, the number of PDUs for that logical channel is
equal to zero.

[0026] The number of PDUs for that tfansport channel is determined by
- summing the number of PDUs for each logical channel mapped to that transport
channel.
[0027] The TFC can be supported in terms of padding PDUs if the number
of PDUs for that transport channel is greater than or equal to the number of TBs
~ in the TF.
[0028] Theidea of a minimum 'TFC set, proposed in the standards and used
in this invention is explained hereinafter, The minimum TFC set is the set that
allows the transmission of one TB of the highest priority transport channel that
has data to be sent, The minimum TFC set includes all TFCs that have ;a
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which CCTrCHs have allocated codes in the timeslot that reached maximum power
and marks such CCTrCHs as having reached maximum power. When a CCTrCH
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[0034] After the MAC "steps down", it will consider the recovery criteria to
"step up”.
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beta factor of the associated CCTrCH).




timeslot. [00411 As to the padding of the PDUs, as
the requirenent for padding PDUs needs

ove,
wt%toﬁggﬁfq%gl owed only if no TFCs are avail abl e XEIAH2803840702
TFCs that do not require padding PDUs. |In other words,

[(ij(?] d]here & TFCs vai l able in the candi date TFC set
at do n V*Qﬁ‘ﬁ’&!’&l Rr§vEes)a, lowhest eolatiof thahaséids the

neead lfbldtPﬁiel\(B”E(D Qﬁﬁi%ﬁ’ermlﬁétwﬂﬁq Glf)eé ?‘«L:?euci%es? am-tl;g’g poxgpq' in each

i %ilres padding. |t no
hat reqU|re paddi ng, PDUs from | ogical channels

[a0#3f cannmit RLC- TM | ogi cal

channel s arogheelglam %a? gl%i‘{fDﬁ ‘t‘h‘% t?grﬂh"a%rt the yequizament for

pygtnstHeURmneede ¢ bg foltwah onlyefuio BRES bse AV RIENEHEShe the
require

tib TFCs t hat
g et Ao o SR g RD e alhes oo of there que MG

e e (e RS B Yo
Shb8ta o e dnsfeacl srleciing TR abat e (LY. 1

stokildi b anotbd than) GBI PP (HEDquitd o285 Fhfe %%g,gfgmal

set Ygégh onIy TFCs that do no
FBat fhngiot produse pedding RIVES . <) RLC M 86a) chbfteldhre

1 I d h
Sk e L ke i
reguiramey c fpe @hdﬂiﬁgﬂ@) li;a@l {38 CER PP PR gb%a# ire
paﬁ%lufgei)n bel o& @gﬁ, all TFCs t'hat satisfy hed

e tARIdate (LF Giset, remirg paddmg RIDUs from

five reqU|re

logigaldibdanelsTHh&t at ta
neB&Qcﬁk %@1 3‘42 rﬁﬁ?ul filled, \%hrﬁ%neve ‘g TP Usg are
thm@;: b&i{@' ggpends on ﬂmit?Lﬂ?(b@ﬁa} o&@hﬁ?ﬁmﬁ?ﬁt@%ta
& S satl s
&bt qtﬁ&rli@r&;an?gén 3l S5h SINTIES ﬁhmwtlrg@m

| ow criteria

Pag ’él d)’uﬂl & Cacnusthbe L1361 ak levusy g, t
Eggbe,é: &? ority data than the chosen ﬂ%’la:wéﬁrsihﬁqs an
other TF Iowsthetransrrission of nor e datafrom
next it prepospd iherdihytoC &Sk % %@P@B TFC
qpﬁﬁ @a 32']-7 “ﬂﬁf than t he chosen ‘F
a corlﬂ%r? Srbrle e togaying (CFE) selénsiopr algerithm, as set forth

belowy Hl ttdf schedul i n
v iy all THEE Shibsdtidhy b fve Bod RIS L0 SGNodU 100,

tra sjission in a wreles
pal%ﬁv% H c{n ate TFC set, and the requirement regard.mg padding PDUs will
be fulfilled, whenever Possible, at each TFC selection iter ation.
[0043] A chosen TFC must be selected from the candidate set and Itlust
satisfy the following criteria (and in the order in which they are listed):

a) no other TFC allows the transmission of higher priority data
than the chosen TFC;

b) no other TFC allows the transmission of more data from the
- next lower priority channels, and ‘
' c) no other TFC has a lower bit rate than the chosen TFC,
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elimnates a need to determ ne power requirenents for
each transport format conbination (TFC) in each tine
slot, said network including at |east a physical |ayer
and a nedi um access control (MAC) |ayer, conprising:
sai d physical layer: nonitoring transnmt power in a
time slot; determ ning that maxi num power has been

0’0& hed im acédi@arick RBthSIn@laspRNsk BEPRLLS 1rﬂ’eﬂ@(§ﬂ ﬁﬂe?@fs'p%lded

yer, that nmaxi mum power has heen reached
5’@5%@%@% HatadfapamisFigR I iivsless conpraunipytiop ggisyork which
elﬁﬁih@ﬂéﬁn imed Woi abterrgiad egbwie? MRRSIrkRerits a8 PALh ﬁmisml format

vealocatedcde5| e..tine, slot
%ﬁﬂ?& (?FEE?H%JH? JiRF Slohgpid el ey, dﬂg’é&% eHeage B‘E&?}Cﬁ layer
ardeambdidmRydssuontrgd QNHC) 1y, doinipriksinggsail glaRitatiay&: Monitoring

t t.f TFC
SR GRS PP iR oo PRt s,y e gl in
theninac dot; dad cendmg b natiSextion do aiiepmc tiyet that praei@nh power has
bégﬂ%@&!\&? Qos%nh{%? (ngthl tﬁ% tlglr ¥ olrtged bgr %MC@% S heel'ﬁlil!lul&g ?ﬁuch
cadiail chmpoditei treasmst ehane@si (€6T11§ﬁ8§ rhaive ellcp:@wdrcodes in the time slot

th%ﬁ%%}feﬁqﬁ&ﬁﬁﬁloé {kru?é; gréC IfCQ-fsn%t hay dfega%edq'ﬁa}umum

n eac mork i'nc
pavecss indalimhing| acaandldaaey@r tramnora forei @ uwnbmafecss(’lawit seblin a next

&M%&)ﬁgwtm@&mmwg ‘boifadly, Physi cal | ayer:

m)nltorlngtransm ower 1n-atime slot; determ ning
[00f3R] maxdnngaspsigors Withsa Besend aspest 96dhe presens invension] iere is

p@@i@e& eNHeMd afoP QbhdduGas IBR Ffnshi&idn LawgEleld %rﬁmumcatlon

Xi mum _ power has been reached, toget her with
n@ctWﬂ% whigh chmipsigs;a %ﬁ?é tQ AACHTINIAE HOMPE FeqUITGPRIS (fotnepch tramgport
folth Bofibith@bn TFQY in hEICHARISIAY safll ﬁétﬁbxtkelﬁcﬂ %ﬂeag‘%sﬁﬂrsmal

on a power notlflcatlonfromthe ysi, cal
lamo%@c? meiup ASFERS fOBIGE (AL ) tIRYsd C%%wg osfa“{ physical layer:

mpﬁlaﬁﬁ@tuanMﬂ Ho@R in & figfeCs1bts detRinfiMing QFat 3R RRRAT FIwe hh®been
hedul i da a transm ssi ontJlgn awrele

reg ﬁ.ﬂbea‘i?%ﬁ o A 5PN RHTSTOR Welhe MAC Jawet they maximum
paabmrefambaal PR, tefhdicr &EN IS e sﬁ@ﬁﬂn‘lbéﬁrh‘hﬁosfaid MAC layer:
L{ |natJon(|1:C1; nteachtlmaﬂ_(g ga g
seifs il G G E1oT P 4t Y LET S5t phg dindts Y&y Bagfig) og a power
ndrﬁ‘ﬂatumfanﬁm}@mﬂrlmyer( MAC) |ayer, conprising: said
I neans f noni tori n )
(OB, o e TR Rl PR Rr 86 R ak Mt npere i
prohided an mpp(armmsnf@owhf eddhmgdaetemmSmh?dnl NwibRsd b(‘iiiﬁmunl\%c&:gion
an or sen notification to t
ndhiBlc Wi eI iohosie defittutis st EaBREmOMs §ifctons momsport
fdmﬁﬂ”boh?ﬁlatlbn ITEFS) mteathutitrers]ot, S@[cﬂndb%&ld iaylading QnTastsd plsical
r erm ni osite .transpar
a5 R p oo e Asd (FIGOHSS. cESMRaRL St 300 Fyer
cashpaisinghmicansr foatiogidorirpxidiiit powWer in 4@A6 Slot; means for determining

that a maximum power has been reached in the time slot; and means for sending a

- notification to the MAC layer that maximum power has been reached, together with the
time slot number; said MAC layer comprising: means for determining which coded
composite transport channels (CCTrCHs) have allocated codes in the time slot that

reached maximum power; means
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-8a for marking such CCTrCHs as havi ng reached maxi mum
power; and neans for |limting a candi date or

transport format conbination (TFC) set in a next
common transmt tinme interval (TTI) boundary. [0043d]
In accordance with a fourth aspect of the present
invention, there is provided an apparatus for

fechegtitlg B@:hd aica it Ha N Mh &5k ReacRe® n¥ix [1Bkif SSower; and means for
conmuni cat.i,on network which elimnates a need to

ligpe gy FricARAIRIGY tFAOgRATE SAFEH; SombinaiaR: KTKGhpd para next common
u&ﬁhﬂa&neﬁmawﬂqmmgnxbﬁ&g? in each tine slot, said

[ as phyS|caI Iayer and a
[0?}5%4?8 %Bmer Bf f‘ﬂvﬁ@{' | Bt OLshp Presysinyationa fhere is
prooidpd iag i apgaraﬂﬁ a5 sd‘h@ﬂulmgrﬂa&@frhﬂ!ﬂuis{icﬁﬂ{im iR CoMuication
rmnin at . maxi

means for det
B SR UTERE ¢ oo RIS et JRITFEARS IPppach ranspor
fosmaid corgbiaationo(TFE C af eavh timet i, NBE hay ek Edﬁﬁﬁnﬂmgﬂ dmmxst a

PR A8 T BT oSBT AR o TS e

capmeisofe: mehnd for TeGitosey transohitl pomict &tk t'ﬁlﬁéis&&tméhﬁS €t deterining
I 00
thBORGRL; m éao\v%f‘thlag %Fefn% ?%?cﬁelaemp St};n%? ﬁgot a%récg 8}?%“ 3 Jen(!hng a

accor aspec
ngtifigetnr iorihe Mid? blyﬂlsthammmdwowen"hasﬂwn emhay expethyr with the

tnﬁg QIOV Hﬂlrflﬁ&e§ d NPRE rlﬁ))lfer (:Mﬁ‘g%mhgéﬁgé&gh ?orai)rmg%lgeosng of a full TFC

etermnin

Se! ﬂﬁh@‘pﬁ?‘i TFQ ﬁﬁdlasﬂﬁcﬂftﬂ prater optificRR@) fromt the physinat lagemg:
(0824 MACIn 968G Avidl A FHA e;EE og{ glep%I%gén?t tl%tlol?f h&le is

eveai rane o operatlon of
proyides pansthechempleyed BCTmmdiym aicmmontrcé élmcblpyq ifwd Wwireless

of 7 S8t aide by SRR i AR Al A1
coppaigingt said tMARS sétting evieininum |Tef£ssetthmd1cneg, mfbcr gwery frame of

op%Hti%Yi%‘# a8 ¢ sﬁgﬁgﬁsp()fgjalv%r gg(g(ﬁ/‘ 1%%18 S%Jwér%ee&elarbeyea full

3) consecutive Tranes
39t Rkl Gl A0n a fegDiane; BRIEnDHES Ol PFCEN iGR chlidate TFC

5 L O, t k. 0
bRkl uve, &y LOOHID b9 TGP e e
equrpme@ﬁ@rlﬁ)atran@mﬂ pooBa BT thEpg(3) eomseattivadraive. nanner in
whi ch Figures 1A through 1D are arranged to formthe
flow chart; [0047] Figures 2A through 2D conprise a
flowchart for MAC-d TFC



sel ection algorithminplenentation; and [0048] Figure

w0 29tm08886bhe manner in which Figures 2A through 2D are
arranged to formthe flow chart. [0049] Fi gur BCHUSZ003040702
flowchart for an RNC MAC-d SDU si ze sel ection

O EERRED. ENBODE PENESPFIPSEOR OF %&w&ﬁ%ﬂm on of

I0R¢5ex e np Figyres ro thrighsid Qo P Coc TRC
%Ip&@%gla has,,an.associ ated M.P I\/AC Logr ca ann
(T eieRAlgorithm, inplementationsi nes the priority of the

0ogblcal chegirell sHAw fhd ]ﬁ%ﬂﬂgf%{)@?%n Lhe ftﬁ.lr ﬂg are

$ara€{d£as‘r%f} ar e, based on

'ﬁ%‘i’ﬁq omithe flow dhast; the al gorithmi terat es per

1] cal r ries to serve | ogica

ol o Dt 2 okt 2b! sttty & Hevehnrhdeediag-a TFC

channel s hi ghest p
sglaction algost hmuhplnmhtatﬁcﬁﬁaaa One sol ution when

06Ldor m Coysgl ect onrsto determ ne how much
[d at a of 2%@%5 pr2 i gﬁ"“’ﬁ% g panngrancahich dfigyress34 thiongh 2D are
W&ltgedltefrimgﬂee;ﬂowmhaﬁrl ty), and then select one based
[ he r .UI re ntsé_§ormX| m zing the throughput of

er Bat {lewchariefpsran RNG MAGH SBU ghiengelection
pmﬂuﬁél TFCs in the candi date set. [0054] The

sol ution proposed here is to identify the anmount of

hi ghest priority data that each TFC can carry, and

o CheTATBlD ESCRYCN Sl hre B Reb bHEGb AN
G g;he@teodgaggxlzphﬁly Oijﬂieﬁé}tmher(Iiei |§H§Jto P i rﬁgttgl Iﬂgow each
IR Gl o iy b B T

MIP deiebtinige F\‘JBUSp
5004105958 9 é"é‘# Uggg%és LE?E’PE‘@E"&S?*&%& inthe

fo TR BRerRk et based toﬁeMLPﬁ:al TFC sel ected may
100sgpi re m@dtwﬁf’%% whg edyre woul d
neerii to be repeat e tﬁgﬂf &’Fﬁé "&e‘ﬁ‘eﬁé@m% itergtes per
ogice! ehannelpderitiiriestpusere lpgidalichgnhsls bowg Hes(t%%n‘t%ﬁfb@) as
°P%‘5§£Ht°T‘F%tE%’j'gp?’§P&aaﬂﬁf first TFC sel ected would ‘be
used 0 e’s ion proposed here is to assure
at  Peesolubim Wheh pbiFbrming TFC selection is to determine how
much data of each priority each TFC can carry (starting with the highest

priority), and then select one based on the reqmrements (maximizing the
throughput of higher priority data). However, this requires going over all TFCs
in the candidate set.

[0054) The solution proposed here is to identify the amount of highest
priority data that each TFC can carry, and then eliminate those that provide
lower throughput from the candidate set. In the next iteration (for the next
highest priority data), only the new set is considered.

[0055] However, there is still need to satisfy the "candidate set"
requirement listed supra on padding PDUs. When eliminating TFCs from the set
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does not require padding remains on the candi date set.

As di scussed before, certain candidate sets may have
WOHOURARSTEC, in which case, the above stat ed PCT/US2003/040702

"candi date set" requirenent need not be satisfied.

00571 Thus, if after renoving the TFCs that do not

befars gempleting thehwbolshprrice@ummmthb e M C Ak R os&l may'fequire
SRNRHI t_contain at |east. one TFC fhat
PTs ? ?F?Igsd%%g"‘ﬂ??‘.ﬁ‘é’?‘?opﬁcla TEHEHOMeed fobk Eensatetywithout the

. C, . - H
giyee fiFC.tirdi s TFEGhnb dbesinets utg@;ﬁ% %dfggﬂg (B ﬁ‘o?}é,ssuch

Tf‘ﬁgé gﬂ%ﬁ&@%@%@ﬁ@ﬁéﬁ%% @E@ wsed)di ng requi renent

[0D86)st r onFe sbhaivnt ddar ' t)., If

adeere are. man TIIZICI;S}% %)%ae{a %F%%%gs%{é%%{%q?#g one TFC that
Mt Fawre ppddingeregpraing loat theesandidags sthe Ak hiSeB58 before,
ofaih lRendidd We'g ks, chosen. |f nore than

oo SO O s e b B T D, B R hicoser thecahoue stated
candHidateyntt ragviremtentiviegd st bpsatisfiddy data, then the TFC

t 7] hput t t hi ghest
O 1ty Thefalh, b, SEPing, Phe (TGS Hiot e net rapptiza the
e oY lennndidtpgdtpicoina A2t AbAIPhonTih gt fsest one
T ﬁg@a 15 %Edg‘& zlcet-i%‘ﬂrﬁpée‘é&bh@ksﬁgeingmm)dtm atlf @ that does
t heguitdipaddie FOUN DI nan .t hi le and
e axannl o Ehou o pede R TRt st Haded Rack o
¢ foRfitdath set (age Shpt The vedngiraguitameet birohis than the

thﬂ;lugﬂ' S om | oqgi ¢ channel s_.with the

pr o?ﬁ; 5%1 lﬂ;fééﬂééﬁ e B&@F&% aﬁea}lﬁﬁ%yv\ﬁ Gs g‘i‘artcﬁoil@h? atifed to the

calec&ﬁl_at%?&,éshwme lﬂmttnﬁaminﬁieythe ﬁlfﬂfi'dﬁgﬁﬁufrdfﬁugﬁghe ferity data

: a | S ve buffer ‘occupancy greater

:;E a%ﬁ'z & %ﬂﬁg ﬁgﬂ‘ °B%at"6£gl?%§ Qeg %weqtﬁeg padli gllmstﬂhemame
p0gBPht Toe the deighé n Vg f set .has

thyalid TF (Tch , mﬁmg?p gda[rtgt J’Bg’lr' ed ee?ﬁ?ﬁwgﬁ% Spyyimizes
OYh I Bexigkighret TPt daty B7ADsed. 0k} rikeshould be

apfltid sthival 06l PHLGRI VAL 0 PToure 2) Ts per o med
fgL MAC-d TFC selecti’on: [0062] After perforning
10058k s sﬂ‘helﬁoliggmgs? mnm:ﬁgp]mfmﬂﬁﬂéﬁﬁn%oﬁl ()PEk%%A%-d
ner s),, .the routine proceeds as
TF.‘?ﬁelf%t\A}‘SB:ﬁ ptr&!eﬁﬁge. °f sﬁo% be noted tﬂat the i.nventiopl)l is broader than
this example and the example should not be considered as limiting the invention.
[0059] The following is used in the algorithm below:

SDUs from logieal channels with the priority p are considered data

with priority p.

The candidate TFC set is referred to as TFC_Can.

Only logical channels that have buffer occupancy greater than zero
shall be considered for the TFC selection,
[0060] The aigorithm should run only if the TFC set has valid TFCs (TFCs
with data rate greater than zero).

-10-



[0063] 84: Initialize p = 1. S5: Check if there is at

wg ®agdésoggee TFC with at | east one TB available in the
TFC Can (candidate TFC set). a. |f yes, SSa, P§d/Usgees/o40702
step 86. b. If no, S5b, go to step S25 (all TFCs

ki ed, I ane) 20: Select the first TFC with at
[Olbgg]st ongﬁ?éﬁmg glgosithndshowr i Fighrd 2dsperdaneedFHMAC-d
TE@tsglecton: Check if there is a logical channel with

Lority p such that. the |ogical channel has
mg@di | abl éRPDEBTf?@% steps31 threuglo§B t@obtathanariats Soth Qtep
Shbeifik odrfbAted B : e.transporyt channel that

¥ rrg%ged to %%&ggﬂegﬁ%ﬁ%m%@ﬁafﬂﬁ%ﬁe TBs.
[OQ.SJI f yesS4:87dnitidizpp S9. and sel ect that | ogical

channel . gt f e.i.$ _nore than one such | ogical

channel ,S'%el e(g:]?&gn'g tﬁ?’é‘iﬁtﬁ;ﬁw@aﬁm FoCtwithtaipleasOond TB
| f no, Swilable inothd BPCBLEN(BehdIRAR WRb @) th priority
P). 510: Check if_there is a restriction on PDU sizes

for the selefed Iﬁlﬁgi@%ﬁ%gﬂi@mﬁqb%ﬁ. If yes, Sl10a, go
L0 ,shcP SL3, s, 406 6 St P g SERCh .

channel |s the sane sSize
header. 36 | Pelpst thefust TFC Gith at fadt aad BB RalaBR S om

IRCNCd Gah@@bGAbrehapnel to fill up as many

avai |l abl e TBs as possi‘ble in the transport channel.

2. Updat¥:| ofhedlt if¢herenisla Topical dinneDwith it Psuch that:
This | ogj,g + channel is blocked for this ﬁfgdéj‘tg’%“"% that:
sel octi B ?%ﬁl Channe | avgilable) PDIds yede. sentd tha\Dgical
2004/ 05eBaEM P AMMAIRMIIOHR2TRS: Ry PSR
"t or nati on as. FoL | ones TF%, mﬁj1:1'}eq:ranspioréJ el i-:itat
1s mapped to that logical channel has available TBs.
a. Ifyes, S7a, to go S9 and select that logical channel. If
there is more than one such logical channel, select one
randomly. Then go to step S10.
b. If no, 87b, go to step S16 (no more data with priority
p).
S10: Check if there is a restriction on PDU sizes for the selected
logical channel.
a. If yes, S10a, go to step S11 and check if the TB size of the

transport channel is the same size as the PDU size +
MAC header.

i If yes, Sila:

1 Go to S13 and select PDUs from this logical channel to
fill up as many available TBs as possible in the transport channel,
2. Update logical channel information as follows:

a.  This logical channel is blocked for this TFC
selection (logical channel already served),
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a. TBs used are not avail able anynore far this TFC
woebRRkigy. 4. Go to step 514. ii. If no, Slib, 1. Co

to S8 where the | ogical channel is consider edPCHUSII0BO10702

for this TFC (PDUs do not fit the TFC). 2. Then return

to step S7. . If _no, S10b, i. go to S12 and fill up

as many TBs a§ pos@P[SP 5111;1111!&7@ THnﬁasmmﬂidn @wmﬁ%

with bits fromthig gl"l?s,‘? ?(%annelt i .

update TB |nformat| on as T OrTofke 09 a’?‘%’ga e‘%ilyéli“é‘erf@r this

| onger av&iG abl e for tIsekclibf sel ection iii. This

| ogi cal channgl IS fOfESI d ed bl ocked for this TFC

sel ection (I oqQi cal 14 ready served). iv. Go to

step 515. At 515, check |f all the TBs in this TFC are

filled. a IyesS Sl:)LSa go to step S16 (no nore space
inthis TFC) H’no Sle return to step 87. At

dath for i Ish%té“’ S HtRs th REAR thegnelis Sinsiddrea
denot e t%cméﬁhﬁﬂm(@% cﬁomomlﬁtttheﬂ‘FGjata that can
be transmttes onT%;H TFCj (i.e., TB

size times the nu h%Ar'iﬂ.Ttg &ergﬂg sent, including

any Rbc Hme SL0BAC header that is applicabl e and/ or

paddi ng pi ts) Th 0 ed throughput of DCH i is
conmput e 5} ?%f#‘ésgswnmw 82083 /1046BR2in that

ZZL r ?E?! MpH§Mt charineF Weth bl frofPiHis 1dgheal ch @S, 777
9 i 1) At 514, update TB information as follows:

1. TBs used are no longer available for this TFC selection
iii.  This logical channel is considered blocked for this TFC
selection (logical channel already served)
iv.  Goto step S15.

At 815, check if all the TBs in this TFC are filled.

a, If yes, S15a, go to step S16 (no more space in this
TFC).

b. If no, S15b, return to step S7.

At 516, compute the total optimal throughput of priority p data for
this TFC, as follows:

Let Num_Bits(p,i, j)denote the number of bits of priority p
data that can be transmitted on DCH :when using TFC J (.e., TB size

times the number of TBs being sent, including any RLC and/or MAC
header that is applicable and/or padding bits).

The normalized throughput of DCH ; is computed as:

-10.



Equation 1 where 7Tt Leugth(i, j) is the TTI length
wor20ifoshggo TrCH i given TFC j. The total optinal

t hroughput of priority p data for the CCTr CH PET/USR@®3/040702
sum of every DCH s normalized throughput of this

priority data. Total _Throughput(p, j) Throughput(p,i,

j) At 817, chelhoidhphft ,ri,ej)érfga,{TDﬁgs(EFCé_ i n Thes Can a.

If yes, Sl7a, select the next TFC a 3 onl;ragj-;gtjlg,ﬁtep

S7. b. If no, S17b, (all TFCs were checked), go to

step 818. At 818, anobng all TFCs in TFC Can, thé&guatin 1
"a’: | east one TFC, say TFC k, that provides the

Gt d St Lengelig; Alls Gyet THblentrih 6T ot Trdrpk gix}?.-;]'}ﬁd) Yp,

such as: k=argmax{Total _77troughput (p, j t Equati on

2 Delet l.e.."discard") all TFCs that provide

t hr ough p(ljjt‘]g? teoigl OF?H’&# thyenghnutof prisGt pidatafoFihe QUTrCH is
Thenthgcsune o SIGH’s jf 1 e is at

| east one TFS@i%r: TFC_g?nr&t; Eg‘%&ﬂg@%ﬁut ?qﬁ@l&ﬂggoqﬁmdaéa_

a. | t%ot 819a, go tQ, 820 and check if there is at

| east HndBropelpitiig) = rowghplépgryy to TFC Can and

that has all TBs fillled. i. If yes, S20a: -13 WO

2004/ 059 RCT/ US2003/ 040702 1. Go to 821 and create

a set wi a?%glﬂ]{’??gs‘g&fi@?e moxe TECsTRTRG Pach ( TFCs

that do not requir ding). 2. Anong all the TFCs

in TFC NoPad, ®sel e‘gt‘f&{) 7aryateettile nexb TRGeand @bt to step
"total optima$7. throughput” for priority p data.

b. If no, 817, (all TFCs were checked), go to step S18.
At 518, among all TFCs in TFC_Can, there is at least one TFC, say
TFC %, that provides the highest "total optimal throughput" for
priority p, such as: :

k =argmax{Total TH 1
gj {Total _Throughput(p, j)} Equation 2

Delete (i.e. "discard") all TFCs that provide throughput less
than the one of TFC % from TFC_Can. Then go to step S19.

At 819, check if there is at least one TFC in TFC_Can that has all
the ]

TBs filled.

a. Ifnot, S19a, go to S20 and check if there is at least one

TFC that does not belong to TFC_Can and that has all TBs
filled.

i | If yes, S20a;
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3. Add that TFC to TFC Can (candidate set). ii. If

woedos/08386b, continue to step 822. b. If yes, Si@hus2oosniero
continue to step 822 (there is already one TFC in
TFC _Can that does not require padding). At 822, check

if all TFCs in TFC_Cap 9@\‘.? ?2%'@3%?%-{?3 skt l;vlllgldz}]]le?:.\os!a E)I‘.FCS’

yes, S22a, go to step 8 selectioni1s

1f no, S22b, go to stceped2BFCANoB2d, (THéhtatkatp do petl require
At S24 Check if p_8 ajdltdgn es, S24a, return to step S5

b. If no, S24b, go t 825(al| priorities

checked, wll sel ect 0

is at |east one TFC i Iwgﬁg‘soié’sfﬁg Ko Pgaiﬁe?eé’gthe
padding PDUs. a. |f YEEC SRG8, pgeviles ShigheSP6 "tothl bftimal
no, S25b go to step 8% At 82f6 select the TFC from
TFC Can that does notthrenghpet’ fospiarityr data. 14 | wo
2004/ 059869 PCT/ USZOOS/Rég?OZ ther is nore than one
TFC avai | abl e that ddbs tth‘i‘fe'ﬁﬁﬁt% FCabamgandififgs

t hose, select the.TFC t ovides the m ni_nmum dat a
rate. At S27, Sellct th W(,ég%ﬁ?%??%tﬁﬁtg 28r ovi des

the m ni num data te. If there is nore than one TFC
avai | abl e wit the&@fﬁfes 13 contingedo skep 223 (there is ah‘eﬁdyone

randomy. Fill I
paddi ng PDUs frI;rFoGr]n]'“IR*E'gGJ Ceo th?gdg%t &WP%E&? we TFC
Sel ect i orAt H22.icheanit alk EGSmTE@QSamhaVb@ﬂthﬂBs:ﬁﬁedi

MAC- d entltle MA ocated ,
_ Controlling- Cﬁ %ﬁc?z %g1 @}20 ﬁ)ﬂ&?t&"ﬂfgrdone)-

cell:; MACA i sbl ocahergo,lsﬁzghgo ost[e\llglsag.d t here

At 823, update P =p+l.

At 524 Check if p<8§

a. If yes, S24a, return to step Sb

b. If no, 524b, go to step S25 (all priorities checked, will
select one TFC).

At 525, check if there is at least one TFC in TFC_Can that does not
require padding PDUs.
a. If yes, S25a, go to step S26.
b. If no, S25b go to step 527.

At 526, select the TFC from TFC_Can that does not require
padding. If

-14-



is one MAC-d for each UE. [0065] In order to transfer

WQ 04 0586%een S- RNC and C-RNC, forward access pPCHBSM063/040702
(FACH) flow control is used. Flow control allows the
MAC-c (CG-RNC) to control the nunber of SDUs (credits)

that each VACHefcSsmie 2 sHRNMRC avaiMble REROMER 5 require
priority (FACH Priority Indjcator he C-d sele

an SDU size fRydding atReRg these, sg ot §b¢1 (TFtCh éhdlapmvudaes the
the MAG-c. Theniieuen QL ks this data, before it is
transmtted. [0066] If credits = 0 (e.g. due to

congest i 0AtiSR Belec tRRAFC from TFQRNan thatpdodde the tiaRsum

e R o, e W o RN, vl P digome

nunber ofddVaCate, Sidkist. one&ﬁﬁ&ﬂdﬂyTFﬁl incthle @il d mﬂﬂ,ﬁe TFC
descri be th 5{(1: i,on rlthmfor RNC Cc
(Fi gure 1‘)’ e S§F°2% ection algorit hm for

[ t r@d RN 6

bmmn \ ﬁw@arcc E{glﬁggﬁ %‘E%églg%% %qg,j%rcn {"291 ffldone in
?ﬁ‘gy&f‘l\gfﬂ' apg MAQH ppiaties. MAGredslocateddpithe Eonh@ilmmRNGa(C-

RIR¢) aiidcfﬁeﬁ@ﬁro%e 'M@% Pkl a2 1%1%{:51;%5% léea§ mé and there

power, and hence w li° not be pres
lsm%'*c]gé@réf@@@h@d in the previous section applies

{ds(}ggwfcica |on oes no?%@%@%geﬁﬂ@%‘?bﬂﬁtglﬁ‘rc’:%?dac"ess

cliaimel (%A@Hﬁ flow contrB?E usbldV\Fl(ﬁsf coniol allewbhd mtdﬁs &%RtNC) to
a ere Sone re UI rements a
« ﬂ%% “f’g}q g\Rtgisuﬂw(gﬁe@‘ H{ﬂt@éﬁhw S-RNfhean send for an

mtn@‘ﬁed ¥ibri M/}Q&%@& 2 é?&ﬁ \fég
aBefore 1;el ets?l ng a TFC ornaﬁ%&lfaggéo &%%Z%q size
fogeagh prigrify. @nd ﬁ?ﬂ@tth%éa@sﬁoébem ThiaMAGatbufers this data,

béBEER (€ rahQimdfed Ne "Candidate set”. Al TFCs in the
candi date set nust: 1. belong to t he TFCS; 2. respect

{0086l TTI dﬁmpedmsb-r i Geyg. -duiehie dongastivar in £y G:ERNCTFt)heos -RNC

in| R Rope ARt o MAC i Siolle. i rcttort cumbimitent, it
1ﬁdﬂ£§1¥dslth'5lﬁ ¢he Bmwmw@ra%t% SALAREE dufdiRF o Nﬁw{ SDUs,
: di date_set _and nust
- [0%@9] The following sections describe the TFC selection algorithm for RNC
MAC-¢ (Figure 1) and the SDU size selection algorithm for common transport
channels in the RNC MAC-d.
[0068] The RNC MAC-d TFC selection algorithm is similar to that for the
'UE MAC-d, with the exception that on the RNC side there is no restriction on the
transmit power, and hence will not be presented here. The procedure discussed
in the previous section applies to MAC-d in both UE and RNC sides.
[0069] The MAC specification does not specify any requirements for TFC
selection on RNC. However for the UE to decode the data properly, there are
- some requirements that must be followed. These requirements are summarized
below.

...'
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satisfy the following criteria in the order in which

wd eYeage | isted below 1. No other TFC allows the
transm ssion of nore hi.ghest priority data tRAUS2M3/040702

chosen TFC. 2: No other TFC allows the transm ssion of
0 e data fromthe next |ower priority |ogical
nnel s Befteselecting alTHC fos thp phiesdt MAECH thé ¥&lof vARA TFCs

Ll i:ority |lgvels,. 3. ot her TFC has a

e SRP LR PIEehd ¥ reffrlie tvste Yaindidate sobs A ETCs in
theeppdidatersétimest:out " within each priority for data

recei ved;fro Cd. [ For the MAC-c procedure,

the datalt ha?ﬂ’?gnggb@e&%éé? om MAC-d is buffered in

MAC- c. Tﬁi s can be done by either having one queue per

UE, or ofie dfifébeetthe THI pompatibility - dre tomespariefommbE(TF) of a
Tr€3L baridt@hhye ir] thd HidH10 Bfg;%ﬁrack eoffkﬁ\énggjl}fg areue per

priority, as doing so wou mai nt ai n
first in first out order. The first approach would

requi re $he thefdompatibldwith the RLEPRGuratoRder t o
mai ntain the order, while the second approach woul d

uire | hat of the priarities. [0073] For
[0({?7?%0 kin grﬂ%glr;]gdos %?%Es%g%%e@é‘h Eum depandidate seharsf must
satisfiy the AlkivingRpiterio i tHeorder 8 whIPeS i Se ﬁfg%ﬂg If
- data frogma |l ogical channel Iis sent btn atra eﬁ%"i"t
channel it h Norethgr TEGgaHows ' thedtasiimod be 86 8Chighest

| ogi cal - ﬁgm?r@{ ot b nt on other transport
channel sp, fo tt%%g%?g?el%ﬁm%?&‘ﬁas -16 WO
2004/ 059869 MNEGtHEP DR/ MBYERe thallmiGash J(,}gg%ft a{?ﬁgmthe

out - of - or der. ‘%robl emin the receiving si
the UE “é*?‘gel?. ef guieaHty Hegical dmorelCorfnis Gitetionlis applied

Channel )re&‘msﬁ,-e%t‘gb!tﬁg}:&ﬁ . orgﬁﬁéﬁﬁgﬁ"g ' bl ocking the

channel for transm ssion equal to the

TTI of ®Bhe Nasdthér BRE HastClwer 8 bsdd TR
data fromthat | ogical channel wnﬁgeégl%ﬁg@{bn%é)ﬁ%n'rﬁc'
during that Mus} reqrect/Sirstorfitsti bb e veithibdah (FkRy for data

recei vege{feg@aﬁ@g- _this problemcan be solved by

bl ocki ng the data IE)i%m'a&'gi ven priority. However, this
[0028pr oac Fowbhet MAC-c procedure, the data that is received from MAC-d is
buffered in MAC-c. This can be done by either having one queue per UE, or one

queue for all the UEs, or one queue for each priority. It is proposed to have one
queue per priority, as doing so would make it easier to maintain first in first out
order. The first approach would require the bufferto be time stamped in order to

maintain the order, while the second approach would require coordination of the
priorities.

{0073} For blocking purposes, MAC-¢ can schedule data on any of the
FACHSs mapped on the coded composite channel. If data from a logical channel is
sent on a transport channel with T'TI of length °t, data from the same logical

: chalmel should not be sent on other transport channels, for the duration of 't’ ag
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| ead to under:utilization of systemresources as a

. i, ¢
VOr 2004/ mount of data is bl ocked even if |t.|s no |
wgecesussg?a;, and | eads to a delay in the transnFSTUSANS040702

h UEs of the sane priority. To avoid
daita frgom Otg[]er pLiorit roma_ UE is_Dbl Qc_ked__fgr_a
thi P 1980 Bo Bh Ry B pler bl faegpesiving e BLO §.el,the UR
S&ht on a ’transport channel with TTlI period '"t'. This

i t he of data that can pe sent out
[(? r'o eZISIe St gﬁ@g@@@ev@egtmh@hmemhmpﬂﬂemwb@amved

Gdottin ' nd¥ics request paddi ng PDUs
bgnl f rgc.;?nléc%%l—rﬁég{“é&g%t | ty%ﬁpwgtéo%fg%%ﬁjgﬂ tﬁﬁa‘Tprthe
1"15’5 M?MIWOMannédi.e. 1\?&%?‘0:? ﬁﬁ;@@ﬁ% e]i%ﬁﬁgerll will not be

St m RLC. [0077 e follow
sexarrpl e of an |'?rpl enentation of the RNC MAC- ¢ TFE: nd
08Bkt i oFqurbuiiedert data TAstal ovsined HBrm MATLE) L QRN 08 be

s by éﬁc%!idéﬁ’%*lch\;ﬁa%g[?? agﬁ%%b gn'gg&te%gw'eﬂni i]ggleegjplfn?ach would
lepgaﬁamder uﬂmt%ﬂﬁrgﬁ:%%%%htggr %Atseggr..siég&#%ta% data is
: bl%%n%fe%hﬁ%ﬁgﬁ CiEREy, g leads e a delay incthet t9aiSmission of
s L ke e DR T e
U]%ﬁé a %é é.glireg %tegiqud Tthaf datgofrothihis URIbOthaY DrRRitY it ferdtllfh a

MW th data rate greater

Dot bR Y b 6 S oot erass db Dot dasa that can

than zero)

 baent ayt frofreald A dxnd Hisgusiwes difs & oklaradriftob R, OWi N9

on

he MAC-c TFC _ |
OG0T e EFadRhE B up reqrostpadding P ot o CECEH

RIfG endidp! I6rGCCHGsBIbék Al ab® Fobachiif FHUE YL L8510ed Magec
t he, TF Calz1 candi date TFC set). a’ 'l > T

requesis aly padding RYUsdpem RJC.t 0 step S26 (al | TFCs

007711 ed, Thé folR&iffs an example of an implementation of the KNG MAC.

¢ TFC Selection procedure. The invention is much broader and the invention

should not be limited in scope based on the example given but on the scope of the

claims.
[0078) In this MAC-¢ algorithm, algorithm:
- A buffer with transferred PDUs is refetred to as a "logical
channel",

- The candidate TFC set is referred to as TFC_Can

- Only logical channels that have buffer occupancy greater than
zero shall be considered for the TFC selection

- The algorithm should run only if the TFC set has valid TFCs
(TFCs with data rate greater than zero)
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one). S3: Sel ect the first TFCwith at |east one TB
wavai/absee from TFC Can (candidate TFC set) S4: Check

if there is a logical channel with priority pPEHAI$2003/040702

that: the | ogical channel has available PDUs to be
sent; if the gf ect ed Iog| cal channel is a CCCH, the
| ogi cal chann eflerencedn Bigures 14 helB ghe €olesvih Gheps are

bérfortninel foe Itﬁ@m@bjcom(ﬁ ableGhan Eféorlgli@?f transferre
a

PDUs t hen,_check if ere 1s one PDU that is
not bl oc B‘Pltllailiée@e#bct ed TFC, and the sel ected

| ogi caI gganngh Rlocked for this TEC. a. If

yes, go toe selet! Pe?ﬁtaf’n? g‘é‘(‘cmlﬂtlﬁédﬁ@t orief TB

t here |saﬁ@ﬂ@blemmhaﬂwcsm(bﬂmlg§dem gs"jl sel ect

one randomy Gohlffo szﬁego S6. b. If no, go to S17
(no nore dat a~wi t i BEPd74% 0 b9 stepS. Check if there is
a restrictiorb.on ABPHoSB2ESed

channel . a. If yes, Sba, o ?%st%@%gﬁghiﬁ[‘ge(% ﬁhe?,h‘gﬁeselect

is a TB avai l e vvlththe sane size as the PDU size

+ MAC heggler .Sdlect! ih S8 and; 1. sel ect
the transport c%canng?/ﬁﬁsttﬁﬁh‘g@ﬁ'ﬁé eone B aypilahle from

one are QL@%K@nds@iedlfF@séﬂ)ansport channel t hat

gi ves t hgg.max allabl data rate, asfollovvs

MAX ((nuhgrrébber Mval }egﬁll%a%&‘iaﬁ?lﬁl%‘i @‘P Brigrity pSutiCthat:
Abe Jogks dmmrmaswrmms fo ba Sbittlir B Rolllh BLEa
%tanﬂ g@%égo%h | ogi cal chann P %

many avai elblsenqtrblttched furethe p@]ﬁat:ted TFC; if

- dhaisalektedABkcSEMRE D y KSR
RDUS ”“Sf’ be Sk ppea. 3%%?15‘%&%%%%? 1}%‘8} thdnereds a
flsﬁiﬁ DU that is not blocked for the selected TFC; and the selected
logical channel is not blocked for this TFC.
a. If yes, S4a, go to S5 and select that logical channel. If

there is more than one such logical channel, select one-
randomly. Go to step S6.

b. If no, S4b, go to S17 (no more data with priority p).
. S6: Check if there is a restriction on PDUJ sizes for the selected
logical channel.

‘a. Ifyes, S6a, go to S7 and check if there is a TB available
with the same size as the PDU sige + MAC header.
i. If yes, S7a, go to S8 and:
1. select the transport channel with that TB size.
If more than one are évailable select a transport

channel that gives the maximum available data rate,
as follows:

MAX {(number of available TBs)/TTIsize}; and
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a. PDUs selected are not available for this TFC
woehefisbdey, then go to Sl and: Update TB information

as follows: a. TBs used are not avail abl e anyrorRistesnsn02

this TFC sel ection. Then go to step 514. ii. If no,

S7b, go to S9 to perform 1. This logical channel is

consi dered bl ockedzf or S@Ws"ﬂﬁ@ ilbeit nve ﬁ’cRUBlodEecP‘ﬁtom this

fit the TFO) .- Q%ggj tep 84. . ILf no,

S6b, go to S10 and . sei {ﬁ.%j é’tPs?J%P%ané’h%‘fﬁib!blﬁt KBS as

gi ves the maxi mum m&alblahiﬁxe to@dspofAdhiannal PORY LAYRE onmust
* TBsize)/ TTl si ze

MAX nmb f B
Fi Il Up as many TECREHISEE; Blocked P musbhe plapbed.
channel with bitss.fr omfpd‘atébhﬁ’afﬁﬁtnﬁﬁﬁ&gﬁ% foﬂl?gvé;d are

Updat e buf fer information as_fol | ows
not avail abl e anynore fPor tﬁpgjmct@bam:nomaﬂﬁﬁle for this

shoul d not be counted iprd £ig i v.

Then go to step Sl to _update m‘f Wrﬁ‘féﬂﬁxﬁg

follows: 1. TBs used aﬁé)damTB\mfdra:iﬂtibnae{MHDéﬁsfor

this TFC sel ecti on. ot step 512 . If the
sel ected | ogi cal c:hanne‘i1 [ gfggﬁéfila blq)axgmorefor
and: -19 WD 2004/ osgsammcu‘éwaaaﬁmww Consi der

the CCCH to be bl kedfor TFC during this TFC
sel ection (for thcei%n B‘E%éi"f the TFC sel ection

for this TTI)ii. 3. IfﬁotS‘R) 6&@89%&' al channel is
not a CCCH, Si12b, .,go to % p&ﬁ&l,ﬁ
1. This lC’a"':.‘-lcal channel is considered blocked for

this TFC (since PDUs do not fit the
TFC).

2. Then return to step S4.
b. Ifno, S6b, go to 810 and:

i select atransport channel that gives the maximum available
data rate, as follows:

MAX {(number of available TBs * TBsize)/TTIsize).

B. Fill up as many TBs as possible in that transport channel
with bits from this logical channel.

iii. Update buffer information as follows:

1. bits used are not available anymore for this TFC

selection  and should not be counted in the buffer occupancy.
Iv. Then go to step S11 to update TB information as follows:

1. TBs used are not available anymore for this TFC selection.
v.  Then go to step S12.

2. Ifthe selected logical channel is a CCCH, S12a, go to S14 and:
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deterrri ne: If the selected |ogical channel is of
@gﬁ,ﬁﬁrﬁged PDUs, 813a, then go to 815, to assure: -
the other PDUs that: - are in the sanme butdBUS2003/040702
.e., sane priority); and - have the sane UE ID as
the UE ID of PDU(s) selected are considered bl ocked
for this TFC &pnEider the SCITET to bel iMedliedrfof tigk 'IlF‘t?d{iﬁhk this
t he

steps gfrd he TFC sel ectjon. for js TTI) .
sel ected | ogical channél® ecgmﬂ(ﬁ"rg#eP?’?Mﬁ@@%electmn

S13b, G this TEDtIy to 816. At 816, check if all the

TBs i ngt T fllle . yes, Sl6a, go to

step 8?'7&%2116 gq?%e‘iﬁ "'g‘aPHPEIS‘FPI@)a COGH,| $19bp g0 34 G113 to
return tcletdrafing4. At 817 conpute the total optinal

t hr ough I orit data for this TFC, as follows:
Let Ngnpligﬂ’teé}()*[f sylgﬂe:h@peelm ef trankierred PN ,$183a, then go
of pri otd 1B, ﬂ,ae{sgu;ehat can be transmtted on FACH I

when usi ng TFC a.{l e., TB size times the nunber of

TBs being senté thﬁ:d:blndrﬁ’@lémmdﬂ_c and/ or MAC header

- that is applicahl d/or dlng bits). The
nor mal i zed throug"ﬁ Il-;’p {1.6-<same BripEty)aand

Tl : hput (p; 1 khilh BIEY

LR u?V?;{];w_g eg T ronal “5’?‘%{5@ ERb P8 are

Cength of SF for blopked-@y thisTRECt dexihg this TFC
sebptlonﬁforﬂ;hé oughput of ppéardeh C?ﬁﬂg ﬁ'ﬁ(ﬁ%?chEéo&qCTEﬁH ’Icﬁ)

he sum of every A S nor

t hr oug'flﬂnpfftt ferfied logieal shianyeldanat of 2AndfE3@ BHTSLAES, go

direciliy 629683/ 040702 Total _Throughput(p, j) = ‘
>77zroughput (p, 1, j) At 518, check if there are nore

TFCs it ._tﬁgfh;mk_ if all the TBs in this TFC are filled.

a, If yes, S16a, go to step 517 (no more space in this TFC).
b. If no, S16b, return to step 54,

At 817, compute the total optimal throughput of priority p data for this
TFC, as follows:
Let Num__ Bits(p,i, j) denote the number of bits of priority p data that
can be transmitted on FACH i when using TFCj (i.e., TB size times

the number of TBs being sent, including any RLC and/or MAC
header that is applicable and/or padding bits).

The normalized throughput of FACH ;: is computed as

10ms
ITT Length(i, j)

where TT1 Length(j, j) is the T'TI length of TF for TrCH i given TFCj.

Throughput(p,i, j) = Num_ Bits(p,i, j)- Equation 3

The total optimal throughput of priority p data for the CCTyCH (S-
CCPCH) is the sum of every FACH’s normalized throughput of this
Priority data.
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a. If Yes, Sl8a, select the next TFC and return to
wotea/sdkee L. If no, S18b, (all TFCs were checked), go

to step 519. At 519, anong all TFCs in TFC_CaPCT/USm®0%040702

is at least one TFC, say TFC It, that provides the

hi ghest "total optimal throughput” for priority p,

such as: Tietsh Ghnesslpot(al )y dRedughps(p,ijj) ) Equation 4

t Delete all TFCs that provide throughput |ess than

the se d, TEC. It from TFC Can. At 820, check if

there‘%hggi\?’ qhedlkif fee aeaupre THECs @GafFCh@anhas al |l the

TBs filled (dpes not require padding). a. |If not,

820a, go2to SEFesrieian é&kcti thetriest #FCsamd rdtansto sieg SEFC

t hat do§s noj,. belong to TFC Can and that has all TBs
Cfilled. P 1 fifjesS18 (all TROstwersadetiosd),lgo forah 819 Set

wth all igose TFCs, called TFC NoPad (TFCs that do

not r é%ﬁ apeRaiR N IFCoin BRENGan) therbés T least bne TFC, say

TFC_I\IoPa'Itis)@,Iﬁﬁl TEC pt vigi,, t he, hi ghest

"total opti mal ?ﬁ%ﬁlﬁgﬁ%% ?'f%’res r’?rg’g‘i‘li ?Rﬁﬂnﬂ‘gﬂ#fmﬁlmté.for
add t hatPrIRdy p stielta€an. ii. If not, S21b, continue

to step 82 f yes, S20b, continue to step S23
(there i’g %Fﬁ,‘gg‘&ij’tﬁl@ﬁﬂ@%ﬁ‘ﬁ(PsIhc_Can t hat doesEdqmition 4
require padding). At 823, check if all TFCs in TFC_Can
have al Ipdibg | d._ .21 WO 200/ 059869

PCT/ US2003/ 04’5?371338]5&g gﬂ‘&ﬁm‘?ﬁ% ,ghré%ﬁ%’“b’@slﬁ thagithesdoded TFC
(TFC selfoindAFCCaiane). b. If no, S23b, go to step
524. At 524, update p = p+l, then go to S25 to check

i f p<A8520achdck iffitere S2ideast 8heMPG B BFECSL that has all the
TBs filled (does not require padding).

a. Ifnot, 820a, go to S21 and check if there is at least one TFC that
~ does not belong to TFC_Can and that has all TBs filled.

i. Ifyes, S21a, go to S22 to:

1. Create a set with all those TFCs, called
TFC_NoPad (TFCs that do not require
padding);

2. among all the TFCs in TFC_NoPad, select the
providing the highest “total optimal
priority p data; and
3. add that TFC to TFC_Can.
ii, Ifnot, S21b, continue to step S28.

TFC _
throughput” for

b.  Ifyes, S20b, continue to step 523 (there is already one TFC in
TFC_Can that does not require padding). |

At 528, check if all TFCs in TFC_Can have all the TBs filled.
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b. 1f no, S25b; go to step S26 (all priorities

WGQ %&F sel ect one TFC). At 526, check if there is

east one TFC in TFC Can that does not repOTAUS2003/040702

padd| ng PDUs. a. If yes, S26a, go to step 527. b. If
no, S26b, go to step 828. At 527, select the TFC from
TFC Can tfRat déges,823a; gqto sRpBIATIG sdéctidd 8 ks
nore than one TFC avail able that does not require
paddi ng, banori§ nehS83h, gabetsp she TFC that provi des
the m ninum data rate. At 828, select the TFC from
TFC_Carftt%%4, updotd plesp+i1)¢hen g6 63152518 theckdf fe=gf there
is nore than one TFC available with the sa nunber
of bits, el edfyemd&25ansmuty to Seblsoi N the unfilled
PDUs in the TFC with paddi ng P from RLC (CCCH).

After either $0r0,082582 80 t08tepBIRAMI Pior32 oll
CCCH | ed in this TFC, consi der tpﬁ‘éo Cc%f]%%k%&e}%ele"t‘me

bl ocke it all TFCs for a period of tinme equal to the

TTI of I;,;I"@6 t%amgt channel sel ected. At 530, for
each Iogl car St peng; isiatil ?%S’P@r’ﬂ%l@@ﬂ@_@anethatfdeésnot

each bufrbquirsph8ididgOCif i ¢ priority) used in the
sel ected TFC, each PDU that is in that buffer and has

the UE | R equifydspSpée éeﬁo%ﬁaq?’% PDU sel ected for
this TFC |s CﬁnSI dered to ocked for all TFCs for

a period bof t ﬁBI gaty step S28! of the transport

h I I I 00791
F SBPEAISQEIIS?%EE%%C?%% TFEoERR ggfelﬂ%rq[m@e@aﬁémg It
sel ect i ofhergfiggmore timnormlmmrﬁlawatha't H%é&ﬁﬁ%e&m{'@p
steps th -22 VWO

| gor.i t gure 2.
2004/ 82 9&%@%@6%@&%@*«@ @U&@qlesmhe mmamdmabate
conf i gt 828, weliebt theSERC fonahe
al | owed si zgltrﬁﬂpend on the T%égép#ﬁgg%éﬁ@mmmdam
( Secondaf$f® 1§ 1EH0re than qiedFR ayaildide wmheeaﬁmunmer
t r anspor of 5B} RERGL Bhd n !
A FACH fl ow control f r%ﬂrée&?l gggg‘%éﬂé%%ﬁg%ﬂé t¥le TFC
control VHE ReddingiBDVs frony RLC (CCCH).
_ After either S27 or 528, go to S29.
At 829, if the CCCH is used in this TFC, consider the CCCH to be

blocked for all TFCs for a period of time equal to the TTI of the
transport channel selected.

At 830, for each logical channel with transferred PDUs (i.e., for each
buffer with a specific priority) used in the selected TFC, each PDU
that is in that buffer and has the UE ID equal to the UEID of a
PDU selected for this TFC is considered to be blocked for all TFCs

for a period of time equal to the TTI of the transport channel
selected for that logical channel.

[0079] Figure 1, which shows the flowchart for the MAC-c TFC selectmn

algor1thm implementation, mc]udes more steps than the algorithm of F1gure 2.
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It may be generated in response to a FACH Capacity
weesdendegey at any other tinme. The FACH Fl ow al
frame sghall contain the nunber of credits the%g-jrs 3/040702
MAC-d entity is allowed to transmt. [0081] For each
pgoral c 3 [ n assogj ated FACH priority.
'erﬁ E‘V P%AA_Cé‘gd s ellﬁ)e?:(% Esmgﬁ %Bﬁ%gﬁg%re?fﬁ%aﬁef PHFEHIQW SDU sizes (the
fGtiretidenemy obdhe 8ROS ot SabCPCREER [N
Gﬁaﬁﬁa))lf&?é&;ﬂ cog;ﬁn nel buffer occup_an.cy_gakng(a)& gﬁ%%ugcomml
number  of - aval I abr - ePaeett shangel prigrityingitapor (BACE priority).
MAE?ASfBﬂ)bJecoﬁtmhﬁﬁnﬁi‘ggs@ S Lorhty may be
g%gi%l tted i.n,the salrre FA%Q dat aR g@gﬁg&ﬁ?ﬁd@g#ﬁgataﬂow.
i°s SelgTated i fesnonge (to, i BACH Bapavitly Repestisr 8Naky Bther
timer @RONICHIFBY s8Rl Rk al the J,0gi cal channel
he number gl?ﬁ av aﬁ%agpceoné?lé}jﬁeg“’fl’gﬂ’ert srediiscie S-
%ﬁcm. entity i alfyyedstogirmesmiBO, t here may be a
‘foegijabl e . its, needed for each SDU size.
% t]!éle géfn;‘sgﬁ?é]f;g ol (i, BEEE S aioripfcLBAGH miveity. The
MAG-d jsg 8 osizeXfrotd Withih Ghe AR B e it whl] .
o BfElted (RS i odth logical

Sl ze

dh.gﬂﬁélr, S%Qe%?é glg %ﬁﬁ%ﬁéﬁ;ﬁ%&aﬁgamﬂﬂﬂﬁﬁm the number

mnmz

of By aslajiipateditscuetiag FACH Hrigeity [g%t';g gn?oeé § IS%L'?%%H% SIEE e

cre

requyires an. increased nul
Fg@g I “g’g" ﬁ’&?iéﬁe trensmitted inthe sdme RAGH datf frageedi t S
[0382] equesTiél . SPHTEsiRDT je he ,MAC .header _i.s added,
Sl Elggsf"f Obd0iced; thasneh degends gp the

o esultidng in more over
CIr BRI eenfiegmation,ditbdogiicalectined BENtd @ tHeSnumber of

abSNANE ofdlifd 3l 7 RLC.paddi ng over head or
i ni i zi g T L ARG Biondaort 0 or ol given BO), the
ari

- 0881 er  ( HorimgirenBO, thieruimhg bedfvetial hanfel Igitﬂclrgéﬁgneeded

tyen BO)..i s sel ected because, by se
oesedot exactly awstich bl b ATk £ which proves to

b di{@“ %%r%% usef ul e]i?'_??eﬂ’r?ﬂl‘Fy‘sﬂlf;g%%“d"es%‘lﬂsm"eﬁb%, (RLC
ne e et o o hiorbverind is B0, € Rimize
: nun%ér of cr eé’:e?’s?ﬁg-t%%\d%ﬁﬂﬁﬁ/ %ﬁ%@%@g a size that requires an

20Uy 8 roalits (asbulhbe hotddotMaRdhé Sndtd tHE AMRISy o
Cfgﬁt%%tﬁegﬁé%?%cr}ielgwog tiihes'the JENChondersis ﬁgggh;lﬂs'zu?ﬁdg fiomore
overlzeado| | owi ng
{0084] Since there is no closed form equation to determine which option is
better (minimizing the RLC padding overhead or minimizing the number of
credits for a given BO), the latter (minimizing the number of credits being used
for a given BO) is selected because, by selecting a size that requires a lesser
number of credits, more credits are available for future use, which proves to be

- extremely usefulin a fully loaded systm. Also, if the BO is very large compared
with the SDU sizes, then the solution minimizes both the overhead and the
number of credits. '
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exanpl e, and the invention is intended.to be limted

I the appending clainms. In order to send SDUs
WO?@"%{’H%%R/AC c, MAC-d follows the following pPEHYSPHO40702

(See Flgure 3) Si; Select the highest priority (i.e.,
[0 hest S2: Select a logical channel with that
Fori ty °11°Wé%15|951mle im;ﬂemlengitib&lofﬁl’ib’:llﬂlgglmc-
dsmmlha@ble@ﬂ@ kd e .randomn 23, . Based on
b aéd“&'ef?% b Bionais ﬁm&d t%&‘llﬁé owmg

t he buffer occupancy o
exppplesand the mveptipn igsetknded tbnaet  libigidcaily daane
clalgk! ows: Based on the nunber of "credits"” avallab?e 'ne
MAC-d, determine the anmount of information bits that

cantberder e mend sSDUY 105 tig MACH: ﬁﬂé&'faﬁo&é‘ %e followin
bits For each PDU siz g
prdc@&ﬁféd@%?ﬂ%?r gt| on le ts is given by: M N (BQ

unt™ o

&ledlts Sel&iths highest SRbAEH (ileN D 3 éﬁ)that gi ves
maxi m anoynt_ of |nformat| If nore than

fe PDU 't 93?@%1 chpanejsyith ﬂmd:pnnniaummh bredf more t}han one
i nf or matbee t hat gives the
ni mum %ualmhtaﬁn?p‘girtggh?fspqu%lg%)ﬁgifcfﬁnes’aﬁﬂ%ﬂ%& gi ven

i rumBased an the buﬁfelfoocu]mncp of thictlogicAlch#Mkd, geiapﬂgrsq)U

PDU si z m, ni mnunber of credits,
sel ect t%f]e téqrr)gll* For%t eleagpfollowge SDUs t o

be: sent Hasedronﬁaénﬁlﬁbélﬁcﬁ"“cﬁbﬁg 45an be
sent but onl g sj ngl e SDU si zgﬁlagl a| etfaﬁg{.nethe
| ogi cal nﬁ"r‘l’ﬁ'ﬁ orm@‘@%mtba@dndweﬁ'ansmitt@by using each

reSpeCtsg@%?gk@{eF %t%ﬁié% ;‘%?dn“géj Eﬂi‘“’% ?8&9%5’#‘%@6’ the

sent

Wi th t h&mosRs mm@mm@wmbye are still credits
avai |l ab r _that prlorltylf yes, Sba, return to 82.
I f no, qredigex PDL sing). 2004/ 059869

PCT/ US2003/ 040702 i
Select the PDU size that gives the maximum amount of information

bits. If more than one PDU size gives the same maximum amount of
information bits, select the PDU size that gives the minimum
number of credits required to send the given maximum amount of
information bits. If more than one PDU size gives the same
minimum number of credits, select the smallest PDU size.

S4:  Select the SDUs to be sent from that logical channel. Many SDUs
can be sent but only a single SDU size is allowed for that lbgical
chanrel. The credits allowed must be respected when selecting the
number of SDUs to be sent.

55:  Check if there are more logical channels with the same priority and -
if there are still credits available for that priority

If yes, Sba, return to S2.
If no, S6b, go to S6.
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At S6, build-one "lur" FACH data franme for each SDU
WS odohe a given priority). Note that the SDU size

is the sane for a given logical channel, butPOTAYS2B63/040702

different for different |ogical channels of the sane

priorj,t Thus, if there are n logical channels wth

t hat Aﬁﬁﬁ’ ch"!ﬁ.#‘;ﬂnet Her' e 4CH date frameé foasiach SH &izeqﬂﬁl 2Bdiven
most n pAGHLgAt a fore h size

shoul d al so ge nﬁog%a{%at ﬁ%ﬁlﬂﬁe}? B e OSDL%V%lﬁglCal
each | ofé!a@ap »chan et m:usbe uﬁmmbaudmehmgq@ hBBnels of
data frg| \ %gntyc gvagre are nore logica
channel S aval B e agertlegicsl changelsewith that
t he nemdnighﬂmremﬂldfel dty 61\4§ét| AR @) ang ﬁ%ﬁ%ﬁq ﬁ data

82. { ﬁ‘l rqQcedure i s over.
pr eV| ou ¥rtoms fer eaqhesizals & it shonld aluide noned]ﬂﬁemeldi‘der

per f or rof tHESDAR 86 bed. Fo
mteracg@gn betme%h%{hglgégc%}j&ﬁugeibot'ﬁ 7 F@é?taé%’r%!de

mode- bd P«P@dratlon i nformation (statlc) and

buf f e are needed. As
per thgﬁ E%Ic%rlg%}%%gl H%&‘%? aﬁ#’%%wﬂ%ﬂ% 321)

and t he If resCSPacgodogs tsﬁel@bﬂ‘ﬁheﬁibkﬂﬁgﬁgﬁzﬂ?m y 23ailatib and

t he \ the MAC with the buffér octupancy
(BO)Rb b%%do ‘he total anmount of data buffered in

the RLCIfnéjdWy ehe phicB@ereliBeydfAC needs nore
[odsgformag ?ﬂ fromthe RLC in order to perform TFC
ect i Oft "¢ REeVEQus sgetdqnsethe lsﬁvematnonaieednd m%ﬂ’&ﬁ&rform

TFZ&eBe’éﬁbn&Ja%Qies@ﬁﬁéfZFélﬂzgﬁ e dRor EREs,, @@@gﬁ'RLc both

Entity Info
1°gé°§t§ﬁm@bm°dﬁrb@s@@nﬁgumaﬁzfoxﬁm&nﬂaﬂat M_ﬂ#&ﬁtdata
lnﬂﬂﬂl@atl(ﬂ'@ _-ulrlé))é,r? lng%QEd must Cont al n. [ OO

sectloné@ t}(:ion s7of the "RLC Entity Info will be
descri béa.pesi eMAﬂII&otoﬁém 7il
P ABoh WBGPPILS B sz and e

| r e.se of the TFC,
;Lcsﬁfﬁe gﬁ%egxtﬁ‘ tion (51‘}‘@ 25@32)@ ithﬁ RbE pravidebthe MAC with
e[bmsbccﬁbmmopﬁmchqs bn 8
HobJaf or mat | &ew t he PDUs ot’;ﬁ or %aéﬂﬂ?@ﬂé’a%ﬁm
THE SR aeedd miore nﬁformaﬁmfmns%h@ RLO ik Reder to
perfb@iﬂ TFE election, the RLC protocol specification (3GPP TS 25.322) also
states that the RLC needs to provide "RLC Entity Info" to the MAC. The RLC

protocol specification (3GPP TS 95. 322) does not specify what the "RLC Entity
Info" must contain.

ol

[0087} In this section, the contents of the "RLC Entity Info" will be
‘described. Since this information is used to "restrict" the selection of the TFC,
this information is referred to as the TFC Restriction Variables.

[0088] The TFC restriction variables provide information about the PDUs

and/or SDUs buffered in the RLC that are available for transmission in the next

-25.



WO 2004/ 059869 - PCT/ US2003/ 040702 [0089] For
t he MAC

wonasdgReb edged and transparent nodes,
specifies the PDU size on a per TTl basis. TheraKoosniore
the RLC cannot create PDUs ahead of the TTI, and only

[Oi g&frmat ?on based on the buffered SDU5 can be provided
B5°% he E@Pﬁmed%dm‘ndhrma&leﬂﬁeggﬂfe zfﬁ%c specifies the

PB . t ke PDU si.ze .|
1 bor o o Re TN MReisl Yhordors (RERIE spmmct etastpBIMg ahead of
hﬁé‘%& W ordy infprmation Bagd Mﬂ&@iuﬂmcﬁsbmgaﬁngg BI(Ev?ded by the

ri abl es c contain the RL

REGSh ddvh@ ot onditission. rHAReigowedarl Guade) dhe DU 6% is

itsel
fitecand Mharelonicfornnatisi i (ARG OPPRLE BULLered o\

thgi{ﬁb characteristics based on the
ata ‘characteristics thensel ves are provi ded instead.
- [009M91] SNeRahhtChePReGL ends, upon the anmpunt of

i da,t that is._ avail abl eg%ﬂﬁg’g ‘f?ﬂ‘f&?&ﬁ"?#ﬁlﬁ the F&€ mode
¥t | HOWEverr cincespiovisting the RIGbhete iin&},gthfe; E%% to malke

- ' number, of SDUs/ P

o B O D e
madeqehentibeaats chatatteristics BhsthesH Qe Ybbidsh § Ry soe
fogdfythe dgta hfered.in the RLC may Dbe avariaife for

5 pelsgtion dependsruppmdtie amene: of et @ s

transm ssion.
avajlahblel fortpmsntibsiah n 9fo é}pﬁ?pltﬁ nspm.t.ted to the MAC
the @Dﬁzﬁ)ﬁﬂ_ nus.sil be tgi%‘;sane.’ & nfesghcéfqno\‘?r?@ﬂﬁﬂnéblde
[Ot?eg]at ?h " t@m@he@ef $Hts/PDds B‘llfﬁ'e_niela i{iqgemg@l_ o)
i ons.are not vj ol at ed.
Ther ef ogﬁ?eq?ﬁﬁg ‘?Igf% %{3 rrlg]%?onﬁmfledra%g@l“a’ﬁd opilyzsto ayeid data
tragsmissin sopflictsi pulyanemeof the T9fR brded Vil gt R %Eny be
; . transmtted in the order It was
?Jg%é?@gzﬁéﬁsﬁ% reports only the nunber of
secu¥Fpw all LG nkddes, iH 4 r i SSi buf f
tmﬁ%ﬁ{etd ng f@ﬁ{gt he ol destél%l%%ﬂt%esaoéq{ ?ft:&:?gﬁ%tjs
" fbl;;aée g vhs Heonsel Thrmge theGaew) TherinforangRanePrted
MALt fause j [ ed, gnly.one SDU can
be .fransni ttggaigie[?&ér%’lﬁ,ag g%% ?ﬁgr f%‘ﬁ%"%ﬁ SoRtkat)these two

restrichions arenet wielajednThewifbre, snpviafdrabitin BF SDUs and PDUs
ependi ng

et e sahgBid 4Pl FE SIS SigESInee SRS
bransapifted i SheDuerait avdy RR61VEMHe R TREHERET, LY Shber of
cons¥iPE SDUSPDUs in the RLC transmission buffer (starting from the oldest
SDU/PDU} that are the same size and the same UE Id Type.

[0094) For transparent mode with segmentation configured, only one SDU
can be transmitted per T'TT, and therefore the RLC will report that only one SDU
1s available for transmission.

[0095]) For acknowledged mode, depending upon the RLC configuration, a
logical channel can carry RLC SDU data (received from the upper layer) and/or
RLC peer-to-peer control data. The amount of available PDU data for an

_ acknowledged mode logical channel is therefore restricted by the type of RLC
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RLC peer-to-peer control data. The anmount of avail able
widDldofladogeof Or an  acknow edged node | ogi cal channel is
therefore restricted by the type of RLC -26 WOr/ws2003/040702
2004/ 059869 PCT/ US2003/ 040702 data that it can
For acknowl edged node | ogi cal channel s that

ftlt 2R §ABPATS s FonadkinoR1 €SB odd REREY &thrk
dég% ggvm | abl gﬁ%DU daEC3 I&%Eb&pport

h t . of
tHRReRisiRN 85D RL gD Q%q ‘%‘él fromy the |HRpeE gayq;'haﬂmedtmcunt of

aI SO restricte

ble, BlAUndatavis railsmtesﬂ@dted byathetdige ell gi&ég}_ el’s RLC

‘Ié-i 6 t.at configured Int
(Oogtg'}v or 3is)FC Ii% e FH@ M@@SmédsmdcakawwkImatmally

confignred it lthe RBC.s t aken up by the MAC header. Since

TB h i ze depends on the UE Id Type, then
“M%’g] TFC e@%’ef?@ Felsatiom tha MAGS nekdo takndiva howthech§f thd TB is
talyspeap HottRe AL ecj fication (3GPP
TS 25, ggl) © WA hoalfr, 0 b PBChori i Sice debni anstborye 1a
TrRe thewth TFGeestaiction vasiables dhiovohtansHo B 1My deORIZ] that

e M@ b about t he ndnber
e bAoAk T oGPPI o) Piaien thet RaccUBGlType is
wmdﬂmﬂbcm tkmmmmbtdaen data tﬁaﬁenﬁ% §?US .

ere n be segnented. Theréfore the
[Ob?:? restsrulq rrTr%paC‘i"P %g’fPﬁéﬂt}%abméiégmumhen of PDUs that

therMAéhimstré@iEthrbﬁltthtel'REC' ?%%n%l 2 Eé(%t At cal l whether or

m&o&? %&F B{!ﬁ?t s RLC B&Egcamﬂmr s@mmemeeﬂ&réﬁr@%e TFC
ble t erform TFC

Etriuito JRAG
resel nlb'bcflr]i.l db%? nceuggagé%g&?t?%oaﬁ? cAiopIptedhat thiiadicator is
stafiea erodiguend imcheAlGodes only), a padding PDU

0981diAGat cluded in the TEC restriction
(08¢ @ﬁt‘b’F o‘gJé’Js ﬁ‘ﬁ#} TSP eitingsi Raddig daformation neédsato be

vari abl es

knmnrhmﬂwMA&m wpdearty bahBleb F)Ql%rm %c &‘i&ﬁ@g ?121%8 ﬁ%‘i ngis

; ay.er § TFCse ection to s
onpys&'}%%r%g %?'Hbﬁg dggif M and AM atodeeo:ﬂy) tal@dding PDU

e AR BEE o ochor

[Oﬁj theT,lgnéentl on can be npD

| at ed ~St@FeEes adesoriplion 0b4 mibthed ARSIy AMkorfthins

fors pfdeedRrbsf Lyt e Within'the
sgo e of St%@p?ﬁ?&n?@rﬁgh 3ﬂ djf]%é(?@ijcﬁlﬂ’é | sshrdwlg data

m&'ﬁﬁ’@ﬁ%‘l‘ o&he ﬁ@ﬂ’d&hﬂ]&pﬁ&&d@ﬁ% b €kl RRPME 18 fhe invention is

only by way of example, and, the invention can be modified to serve other related

standards and modes of data transmission. All such modifications are envisaged
to be within the scope of the present invention.

[0100] The blocking and unblocking techniques described above are
extremely advantageous for use in a wireless network employing time division
duplex (TDD) for communications, However; the above techniques can be
employed in a frequency division duplex (FDD) type network.

[0101) All other aspects of the invention are applicable to all operahng
modes of UMTS.
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extrenely advantageous for use in a wreless network
enploying tinme division duplex (TDD) for

comuni cati ons. However; the above techni ques can be
enpl oyed in a frequency division duplex (FDD) type
network. [0101] Al other aspects of the invention are
applicable to all operating nodes of UMIS. -27 CLAIMS

What is clainmed is: 1. A ﬁ}%}{lor schedul i ng data
ransmi ssion in a wrel ess %o ni cati on network

itHamsdisnat es a need to deternine power

: f t. conbi nati
T ARk e NPl s SR Y Petcs

copgagRicatipnyketeark | whish altinmatediaueed aes deeemide power

L$ing. said physical .|ayer, .
oot 91 Sioh AP0 Dol PRBRATIER) in Sflinente pyc
nefwork ipgduding @t lnasks phiysica ésyer mad ahaetim ddagsstdofRoBMAC)

Ia ﬂ@onfpgi@gg ng a notification to the MAC | ayer that
yre}axi mum pgnvver has been reached, together with the

t i rigidphysioalitdyer:; said MAC | ayer: determ ning which

co . j {ransport .channels (CCTrCHs) have

al | o%?@ﬁ%@H&RgWﬁEW?H@%ﬁ% that reached maxi mum
posletermininiithay maxdimuGCHoGEs hashomeBthdEAGHE HufgRibiHRY
po din?ﬁ(ﬁ t.I '“E% awidate or transport format
conbl nat i on lﬁ%@n the; gysx that srxbmum pewen hastbieen
- reached dogether Wwith)the itteklotynurdber] Ne met hod of daim |

wher.qi e limting step further includes: detecting
thgélathﬁéellﬂ;yﬁrnumtransmt power has occurred for a

gi determininpewhivh 66MSECHhnGSitd e i Pt
ha sa'gd %agdﬁi;‘niat.e TFC set .%H%i.p%%é t?n%?ﬁ%lg EO#H}@F%I {i?;{;ﬂk@ﬁs)
VRACPEALAC PoresHn theimetslotdhatacattiedendxinmms power;
preferably three (3). 4. The nethod of Caiml further
cogPr'_si ng: _said MAC | ayer: _
: arking such CCTrCHs as having reached maximum power; and

limiting a candidate or transport format combination (TFC) setin a
next common transmit time interval (TTI) boundary.

2. The method of Claim 1 wherein the limiting step further includes:
detecting that the maximum transmit power has occurred for a given
number of consecutive frames before limiting said candidate TFC set.

3. - The method of Claim 2 wherein the number of consecutive frames is
preferably three (3).

4. The method of Claim 1 further comprising:
said MAC layer: |

predicting a power needed by the full TFC set of a CCTrCH will be

required in the next fram_e responsive to every frame of operation of a CCTrCH at
the limited TFC set;
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predi cting a power needed by the full TFC set of a
CCTrCHw Il be required in the next franme responsive
to every frame of operation of a CCTrCH at the
limted TFC set; -28 conparing the predicted transmt
power in all time slots of the CCTrCH, and providing
the full TFC set in the candidate TFC set when

pr ediooipadng thagredicted @8BEmk Bo@]el' iqt %lgﬁwrep% lsf?téss o? E}QL@ECH;

]S, | n the maxi num a
poaelroﬁa'uég. thfl"ﬁﬁﬁ F’&Rﬁ 8% B therandidate THE eetewhert predibostednsagt
Pewerpini albtimdesdots of€hé QM RYY Lpa.step for
'tr%s\‘xﬁp Q‘thlrrber of (:onse(:utiveﬂfq%cg’\%r\eﬂ‘g‘ﬁiauélé ﬂ‘%'xa‘gpg'{%)l?owead UE
include the full TFC set in the candidate TFC set. 6.
The method of Caimb5, wherein the given nunber of

congecut've frames is three (3). 7. The nethod of

d aPm 4, THgreetiod of (aine th whereimtisrotppring stdprinelaghs:

ti mperfbrating SERb] irderi-ng a worsi case scenario
or& 2SS ‘ﬁn% n% gﬂﬁ?ﬁgﬁ#&g@g‘?&r@é&cﬁr gt eensequtye M

al Puhee GedpllhE setrinithe paratidate MO0 w@if f er ent

CCTrCHs. 8. The nethod of Caim?7, wherein a beta

factor uysed for each code is a highest beta factor of

t h@ CCTHeemEhed 9T ATlpinT SOwhermirt the gTven MRAbRYIBnLEve
framfes i;lmgegg)hod of daim1l1l, wherein a TFC is sel ected

fromthe “candi date set such that: no other TFC all ows

transm ssion of higher priority data in a chosen TFC,

no ot hefye I Lransm ssion of nore data fromthe
next | ower &Iﬁ?éll (l:))?l a%/I;nc'ﬁa 918 pregdigfing Jragsméty POFYRT i gacha

time mpomp[iseapgnsiﬂaqigg laewﬁilfs@&@s‘b s_B%Qari%/% a§§§mﬁ@% tlgaq aff
i a ayer is a -dedi cat e
B 0 G4 L e i

CCT#édtsein the providing step further includes: -29

providing the full TFC set only if the full TFC set
can be supported. 12. The nmethod of claim 1l wherein

' sa8.d ndhemethod s Clin 2 WhélBin U petSh Q0 used for each code is a
highest beta factor of the CCTrCH among all TFCs in the TFC set being used.

9. The method of Claim 1, wherein a TFC is selected from the
candidate set such that:

- 10 other TFC allows transmission of higher priority data in a chosen TFC:

- no other TFC allows transmission of more data from the next lower
priority channels, and

- 0o other TFC has a lower bit rate than the chosen TEC.

10.  The method of claim 1 wherein said MAC layer is a MAC-dedicated
channel (MAC-d) type.

11.  The method of claim 4 wherein the providing step further includes:
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dupl ex (TDD) technique for conmunication. 13. A nethod
for scheduling data transm ssion in a wrel ess

conmruni cati on network which elimnates a need to
determ ne power requirenments for each transport
format conbination (TFC) in each tine slot, said
network including at |east a physical | ayer and a

nedi paViARGaRS AFIONECE St ohMAhe FLIRYEE s CRHBE 'séér{ﬂ)gted sai d

physi cal layer: nonitoring transmt power time
slot; determ ning that nmaxi num power has been reached

in tl'le tTH@mét'hQ& of clafel 1 SAREHiN Gaid nBQdrit bﬁﬁfdy@ﬁ tinf dibion
#ﬁéﬁr %P Xi mum power has been reached
d‘{’\éﬁe@‘é ISHPAKINE K COPRRINGaEP - nunber ;. and sai d MAC
| ayer: selecting a TFC fromeither a full TFC set or a

limted TFC set. based on a paower notification from
t he Bhy st cdrethod efor  sghedplipe gt o dragsmispign min 3 anHsEdess

comamchiddlion | ayerorks \ﬂuMACeﬂﬂﬁiaﬁa@t ed n&ddaniel dedyi¥ined) power
a. . transm ssi on

aratus for sche ullng
reﬂ'ﬁpegliﬂf N E‘b*ﬁﬂ‘iﬁrf?%%ﬁ‘ucaﬁ Haten .(13‘9 incereR timg #Hah aaid
ne&wasrkeﬂclhdmgeit deazi Aephpsivalrlayd efti 4 @IBBINHS adcess &aEB] (MAC)
%&qps ogﬁlfornat conmbi nation (TFC) in each tinme slot,
¢ MetWSt k including at |east a physical |layer and a
nmedisarhphysieddayeant rol (MAC) | ayer, conprising: said

phy er ¢ ns for nonitoring
tra%%ﬁﬁ%nn%ﬁ%?mn¢$g%?“$%ggFgﬁﬁ nmeans for determ ning
th atdea:nnmmm paxiskmhasvdd Berbeaes abRel innhd fide tlofre
slot; ;and nmeans for sending a notification to the MAC
| ayer that nmaxi rum power has been reached, together
Wi t lseridiveg i meifehiin mutheeMAG diydr MME thayiime poRpé: Kdsnigsen
e i ng.whi ch coded conposite
e %%ﬁgg%&ﬁe g}hﬁ%:ﬁgemloq nul%ber anc{1
said MAC layer:
selecting a TFC from either a full TFC set or a limited TFC set based on a
power notification from the physical layer.

14.  The method of claim 13 wherein said MAC layer is a MAC-dedicated
channel (MAC-d) type.

15. Apparatus for scheduling data transmission in a wireless
communication network which eliminates a need to determine power
requirements for each transport format combination (TFC) in each time slot,
said network including at least a physical layer and a medium access control

(MAC) layer, comprising:

said physical layer comprising:

means for monitoring transmit power in a time slot;

means for determining that a maximum power has been reached in the time
slot; and

means for sending a notification to the MAC layer that maximum power has
been reached, together with the time slot number;

said MAC layer comprising:
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(CCTrCHs) have all ocated codes in the tinme slot that
reached maxi num power; neans for marki ng such CCTrCHs
as havi ng reached nmaxi mum power; and neans for
limting a candidate or transport format conbi nation
(TFC) set in a next common transmt tinme interval
(TTI) boundary. 16. The apparatus of claim 15 wherein
the neans for limting further conprises: neans for

gete%eaﬂ@ fopaaetrr#gﬁ fxwmst gop &?p%@*e@ftr%ggp%u”&s

i ven nu consecu ranes
G‘Ké@@ﬁb) haverlowgidrodes indhé Wye slotthat feachell immixinmy pewi

candipflate fol Farkit tsucﬂ'b TS PRPRY v%{gls‘eaa‘fed%ﬁi ﬁhﬂn power;

wherei n the neans ftor etectlng erm nes
Xi mum transmt power has occurred for three (3)

CONsgfelhd e l1&ﬁ%m&%&te%¥ ?raﬁh’/sﬁgﬁrw c&ﬁblglltﬁih rt\l‘%é set in

wherei n said IS a cate anne
QWWQF%?mPVH@E“E@“nqH@ﬁﬁﬁﬂgigﬁ@@n@ﬁYCIaln115 wher ei n
sai d netmork enpl oys a tinme division duplex (TDD)
tech for Co ni.cati ons. 20, The apparatus of
cl aj mP130¢ @Pﬁé@%ﬁ?@s il hgvherain the wmgans dgrehmitng further
coﬁ@ﬂ@&iSIng means for predicting a power needed by the
full TFC et of gCTLCH in the next frape responsive
to V&M 1P dFtEctiog el dhe, Mas N tEnE Rop(eR has, ¢gsuITphiarct
gEEEnﬁﬂbcrdﬁﬁym%dhﬁkfﬁgﬂﬁﬂﬁ?nghthe predlcteddtgansn1t
power in all tinme s s of the n 1 nea
For BFSGIEIRETRD Fif foiasboe o for WBEs agH a0 GORedTC
sget when predicted transmt power in all tinme slots
of the CCTrCH is less than a nmaxi mum allowed transmit
power of a user equipment (iiE). 21. The apparatus of

cl aim. ZOTMdﬁearpparﬁtutshef CAMTRAT 6N GvHERAR Sthe OFRANSS §8F  defRARS
for per orm ng the conpa rlng step for a given nunber
deé?rrm es that maximum, transmlt power Nas

occurred for three (3) consecutive frames.

18. The apparatus of claim 15 wherein said MAC layer is a MAC-
dedicated channel (MAC-d) type.

19. The apparatus of claim 15 wherein said network employs a time

division duplex (TDD) technique for communications.

20.  The apparatus of claim 15 further comprising:

said MAC layer comprising:

means for predicting a power needed by the full TFC set of a CCTrCH in
the next frame responsive to every frame of operation of a CCTrCH at the limited
- TFC set;

means for comparing the predicted transmit power in all time slots of the -
CCTrCH; and |
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consecutive flames in order to include the full TFC
set in the candidate TFC set. 22. The apparatus of
claim 21, wherein neans for including includes the
full TFC set in the candidate TFC set responsive to
sai d conparing neans detecting that the predicted
transmt power is |less than the nmaxi num al |l owed power

o maaS D onIBRUHE 48 THOTREn ol ABARE QP i

PRLRLER F b S Skt B s Mot i

aﬁ@ng transmg pawap b b @éﬁ&ﬁﬁﬁﬁg{ {@Efy assuming that all
Se n

assigned codes are being hat time slot even
if they are fromdifferent CCTrCHs. 24. The apparatus

of dlai nTh8aphestas 6f @ - f.or each code
is a hil%ir;g)St b%t a tac?%?kgﬁ@%ﬂ@é#%%ﬂﬁ%www&
in tASFOLReIgENIYE the cwmparinghstem fprs afiven ofursher 6T
caBeduiveframas T Brdes [ fichitRAN LG i o SrkRom
the candi date TFC s@etﬁlccla\n'pl o‘?/ﬁ%lgifﬁgeﬁg'%?%ﬂ%y‘aﬁ {:SF(B
ot her TFC all ows transm ssion of higher priority data

thad2.a dhie: th .t I SSi
'y ‘e .dﬁf‘gp??ﬂ%%@fﬁ%&r%lf Shet s M AR TS e
4 B T 5eUnbE condidhte THQ sstaesponsivateesdid 2onipaeing @esns

fEEthg th ' | aj wher ei n t
erreags fagrﬂle?l?‘geﬁj?lng ¥ur§ gﬁei)iso%ﬁﬁh?ﬂﬁ?e%g]&g nallowed
Po}ﬁ(%fﬂfﬁﬁﬁs(ﬁr?@nmuuverﬁ@mt only if the full TFC set

can be supported. 27. Apparatus for scheduling data
trapsmssion in a wreless conmmuni cati on network

Uaﬂmg;lgi@ 6e|Tihg} B aneﬂ?irlgggj giglter?g:tﬁngt consbti‘orgﬁrieg%mmg
(TF iﬁJgFea%ﬁ %nn%g@PS?mpgég% net work conprising: at

| edBigang fphymisdﬂdringalyw{)rsﬂﬁﬁheascm&{? %%&iﬁfgﬁ]%{‘éﬁ Qisigned
aver: . sai d.physical | : &
cgcf%@ bé:lﬁé Tsed mstﬁ!atdhrﬁe $lot even ifa 335 areofrrr(?nrl Id?ilfer%nt CCTrCHs.

24.  The apparatus of claim 23 wherein a beta factor used for each code

is a highest beta factor of the CCTrCH among all TFCs in the TFC set being
used.

25, The apparatus of claim 15 farther comprising:

means for selecting a TFC from the candidate TEC set employing the
_ criteria that:

no other TFC allows transmission of higher priority data than a chosen
TFC;
no other TFC allows transmission of more data from the next lower
priority channels, and
- 1o other TFC has a lower bit rate than the chosen TFC,

3.



means for nmonitoring transmt power in a tinme slot;
nmeans for determ ning that nmaxi mum power has been
reached in the time slot; and neans for sending a
notification to the MAC | ayer that maxi mum power has
been reached, together with the tine slot nunber; said
MAC | ayer conprising: neans for providing one of a

full FC t and lin.ted C .set. based on_ a

not i le-gc at i 8% PP ntclﬁmgaﬁ}er% s means fOAPWé’tdr%ﬁmher

eompriged by a rredi um access control (MAC) layer in a

w reless stem we e r a full
transpor opﬁ%tl &ﬁ%%ﬂg Pg‘Jn %‘I‘%@ﬁ éélf g’ﬂ@ﬂ%& &t fign be
sopmbrdAC. setting a m ni mum TFC set: predlctlng, after
every frame of operation of a coded conposite
transport channel (CCTrCh), a power needed by a ful
TFC 98t f dppsaivd CGTr Ghedulinga daext tridsai®ion N@l Ui Wereless
F in andi date TFC set when the
%ﬁ?}glgﬁ%i%:%[g;ﬁ c}le%\ﬁgrrlﬁ twﬁclg Filnmafeé s& tlhegﬁ tt?l e%ﬁtﬁwlﬁﬁ mpower
tighigewents e reacly Lralmpentfox(maE):ombmaﬁm (TFQanencH time tshit,eid
ﬁ&%.ggg@gé i,ve frames. -33 WD 2004/ 059869
PCI/ US2 %%%Q702 29. The nethod of claim 28 wherein
sai d aMaGtephgsicdldayer MG vedinmatests corttant (A NEr;d)
type¢.idBh T&ﬁl clai m 28 wherein the m ni num
TFC g%tglggenp oyegﬂ)§£gsald MAC when sai d predicted
t r an&wpes foowenitprsngisansmgpowehiara Eae dogaxi num  al | owed

UE powess fo? rdet%ﬁhgnﬁgmhgfamg%}nuﬁpBoc'\/@gr%asvb%en L ATEST in t%e time

slot; and

means for sending a notification to the MAC layer that maximum power has
been reached, together with the time slot number;

said MAC layer comprising;

means for providing one of a full TFC set and limited TFC set based on a

power notification from the physical layer.

28. A method employed by a medium access control (MAC) layer in a
wireless system for determining power needs for a full transport format
combination (TFC) set, comprising:

said MAC:

setting a mimimum TFC set:

predicting, after every frame of operation of a coded composite
transport channel (CCTrCh), a power needed by a full TEC set for said CCTrCh in
a next frame;

including the full TFC set in a candidate TFC set when the predicted
transmit power is less than the maximum allowed user equipment (UE) transmit

power for three (3) consecutive frames.

-33-



WO 2004/059869 PCT/US2003/040702

29.  Themethod of claim 28 wherein said MAC layeris a MAC-dedicated
channel (MAC-d) type.

30. Themethod of claim 28 wherein the minimum TFC set is employed
by said MAC when said predicted transmit power is not less than said maximum
allowed UE power for said three (8) consecutive frames.
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