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This invention generally relates to the procedures
used by the MAC Layer to schedul e data transm ssion.
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[0007] A TB is the basic unit exchanged between the MAC and physical

layers. A TBS is defined as a set of TBs, which are exchanged between physical
and MAC layers at the same time and using the same transport channel. The
TTIis defined as the inter-arrival time of TBSs. A TTIis equal to the periodicity
at which a TBS is transferred from the MAC to the physical layer and then by
the physical layer onto the radio interface.

[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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procedure to schedule data transmission wherein the scheduling may involve the

selection of a TFC to be used and the selection of RBs to be serviced.

[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
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successive frames may be greater than or lesser than three (3) without departing

from the spirit and scope of the invention. For example, the number of successive

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
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[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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[ 002 ahf“hp B€ can be supported in terns of padding

PDUs if the nunmber of PDUs for that transport channel
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equal to the total number of SDUs in that logical channel

available for transmission

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] The idea 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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proposed in the standards and used in this invention
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[PEBHr . WiBRers time the MAC receives a notification from the physical layer

that the maximum transmit power is reached in a timeslot, the MAC determines
which CCTrCHs have allocated codes in the timeslot that reached maximum
power and marks such CCTrCHs as having reached maximum power. When a
CCTrCH reaches maximum power, the MAC will check whether or not it should
"step down":

Stepping down: Each time a CCTrCH reaches maximum transmit
power for three (3) consecutive frames, the MAC will limit the candidate TFC set
to the minimum TFC set in the next common TTI boundary (common TTTI to all
transport channels in the CCTrCH).

- [0034] Afterthe MAC "steps down", it will consider the recovery criteria to
"step up".
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[0%38] Proposed herein is a solution v?zhere the MAC predicts the transmit

power in each timeslot of the CCTrCH by considering the worst case scenario, by
assuming that: all the assigned codes are being used in that timeslot (all codes
even if they are from different CCTrCHs); and the highest beta factor among all
TFCs in the TFCS is being used.

[0039] If there are codes from different CCTrCHs in the timeslot, then
different beta factors will be used for each code (each code will use the highest
beta factor of the associated CCTrCH).
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en one o S

CI{?EI?S gt%ﬁ Oggf%‘g“’elpﬁgg’é’g 1 Séleq &%Cﬁ@wéogltm chhanels) are
CHrHie® 1B hR0 cahdide B OPFéDEgt Mohe HARLEO Rk uration

TFCs that require padd from |l ogi ca
regrgemeath ete ghetkedefop axaddmg fbhsatibiliey., T]E%LCI:‘F[M tiogi &auire

h di dat
oo PP B bt DA Bt de IR 3Pt e FpdaingckPLls from
logioal gieaitiehothaorpatorédldetpadditte WheBhdMB3tndt§AddE: PDUS are
i.ng PDUs re in the candidate TFC set, require
‘%gﬁg 9 Boer ﬁnrcgrﬁzp%‘éi eathe RhRruitferonenpanen (pmodutef data
thReHEddRTo b&@ﬁﬂ? In el ﬁ'@@%dié%% ﬁ@é’&nl@ﬁ%@&%ﬁg 3(? Q%mlue

iven TFC, %ends on t ccupancy
fing PRUs, ledl THEsdmusb bbdestedtat. evieny GiEler Howreotgaihés & an

nly TFCs that do not require padding PDUs,
exgﬁga%gslunust be tested at every TTlI. However, this is

[0842] expeTtsisvgosledth@8in 10 mbte ifSHBIORASPHCREHEE o not
to detgrm ne if there are TFCs that do not require

reqaige PAGIIPEURD WA Wil Berforping T RE eloetion vigumithi awsi sehforth
beRsv.SThul 41t IFCs that satisfy the five requirements stated supra will be

part of the candidate TFC set, and the requirement regarding padding PDUs will
be fulfilled, whenever possible, at each TFC selection iteration.
[0043] A chosen TFC must be selected from the candidate set and must
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.



bel ow. Thus, all TFCs that satisfy the five

requi renents stated supra will be part of the
woandiodesse TFC set, and the requirenment regar dPag/US2003/040702
padding PDUs will be fulfilled, whenever possible, at

each TFC selection iteration. [0043] A chosen TFC nust

lected f i i sf
[‘(@Eg&]fe ecte W@EE@@EES@?N SPITRRDRUMING@Yi sfy

ollowing criteria n the order in which they
WOd5] i st edigump I thtduwgh I¢ECoainrisesatihev tabams s Mag-c TFC
of hi gher iority data,. than the chosen TFC, b) no
%%ﬂ%%g%ﬁﬁﬁgﬁFBﬁ§@¥W@ﬂF?Eﬂ%n1ssion of nore data from
fobge] next Figwer1 Bhéwes the/nhasneh sshieh Briggren q AotHieugHRD are
has a | ower bit rate- than the chosen TFC. -8 WD
pueugobeisompte/logdydtio40702 [ 0044] BRI EF

| PTI T. HINGEHS la i -
@E?ﬁgh [ ga\l%orer}ps)r%dge a ow c)ﬁgo\r ?%gra @K%{égﬁfrt[%ﬁ« MAC-d TFC
stb@ni algordtigoimpleméntptienearidat i on; [ 0046] Figure 1

t he nner jn i ch Fi gur 1 : 1
BORER gea PO e bries FROmecRar £ WGtk FE g oo Bugygh 2D are
L aba fIrmoiMRficweciart] owchart for MAC-d TFC
sel ection algorithminplenentation; and %0048 Fi.gure

©048bws t Magwendde 4 Aowphath for gar BRI MAHD S8 styeapelection

ﬁ%k q to formthe flow chart. [0049] Figure 3 is a
owchart for an RNC MAC-d SDU size sel ection

procedure. [0050] DETAI LED DESCRI PTI ON OF THE

0G0L e at B A DN Dbk Enfl R bGP

ainel hag 1R R3&SstisH %ﬂtﬁé—&&ﬂﬁ@r&@ﬁﬂﬁﬁim@i‘@%%ﬂow, each
riority). The MP determnes the priority of th

e
logisiat ehawed el an Tprociaged 1R MAG bagical ChanneloPriguifng The

h. 0] d. - hus., i )
P BRR B R Yo D05l 9 A b i e
follgiviind parsamash aps bagedton NiLiPses to serve | ogi cal

channel s of highest priorjty firs
[0052] Thus, ghe ﬁrstpimportan pognt its)thae %he algorithm iterates per

logical channel priority (tries to serve logical channels of highest priority first), as

opposed to per transport channel.

[0053] One solution when performing 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 requirements (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

9-



opposed to per transport channel. [0053] One sol ution
when perform ng TFC selection is to determ ne how

waouedi/odetea of each priority each TFC can car ryPCT/US2003/040702
(starting with the highest priority), and then sel ect
one based on the requirenents (maxim zing the

Heffore U@nislbting thi GhRsle &frb%dutré( H fhal ﬁ@@egglregteﬁsmta\y require

requl res 0|n over al in the candi
g P the Whobmpre wenbl heed to hedepbafed viilkout the

d th TFC
ST %, B 08, WA G e e

TR suighpd therfont THE wiatédabeldIld usdd). t he next
e next h| ghest priority data), only

i ti f h
(Il) ﬁei/vos € g‘@“@@ﬁé’? eRAsed heropggjassinechet at tdast ené @FC that
deéd hbt F&ﬁﬁlré Padd@thl ggﬁlaﬁﬂke&gﬂg%lqgltdg}bes get;tn a'%‘f ﬁgsw o efore,

i sted supra on padd
ceRtain Qam;h ate setomaP 1@@@41005386191?@65/ ﬁz&ﬁ%&é@%@%we stated

" t I the f | TFC
AR Egmeﬁuir”ﬁaepﬁneéé;%%%e%@g ond the whol e
[@5GE edur éI‘IMB,I lifl afeadréfodiag! gReatrest Whithayt ndih %a}gﬁﬁ'z%n the
tTFC u Q{q a. TFC that does not require pad d11
hrg Hﬁhp? ey the gendidate setithe randidaeset ddes nbt ¢(8Itafﬁl-'eﬂileast one
1 |
Tre et Ry o A% i hned BB ng Bedth] Bn A2 G does

nelerggiine R@ddd;g@DUerf’auh@oee mot hﬁaé@lgﬁﬁiﬂ thabeslsRit) 1sﬁ§lded back to
| al n .candl date sets nmm ave no
o, EABREEL 0 P RS S . e

ﬂﬂﬁﬁ DGt @RI ERTHRRL i [ 0057
%é:;er rqem)w n I]t he TFCaslth%%tﬁ&él?%%ﬁlaga%g% i)e E?ﬁgd to the

§pksth ‘FPléﬁ?ﬁ}tal’ﬁ@aéfamﬁe@éh@ﬂs‘eughpﬁt@ftberﬂdghedt@rmity data
0 n that is »fille
ls%%er“ 7R Bt Bhe TERSE Ber it ralie pRUAEapRee Same
thrh‘aghpjneﬁorhlhbet hlghl‘:ﬂtr Prlpﬁgbgdg@% Plﬂﬁ&% (ﬂh@: %‘F@‘e%hgptén%mmlzes
naxi,m ze ro i s adde ac 0 e candi date
thrgys }tﬁ%ﬁt%f[ e%{%ﬂag%%ﬂd?rﬁwy&%ﬁar snehosen.s Bip gnleshould be
a}iﬂ]ﬁﬁ rebersiviely RrAIPptiofigALEigMeNt) . If there are many
that could be addéd to the candidate set, the

ogﬁ t hat ThePhewies istaa GWDpﬂgmﬂlml ifipletenbitghest the MAC-d
DR S0 i S5O BRI B0 e
this example and the example should not be considered as limiting the invention.
[0059] The following is used in the algorithm below:

SDUs from logical 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 algorithm should run only if the TFC set has valid TFCs (TFCs

with data rate greater than zero).
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t hroughput for the highest priority data, then the TFC

that maxi m zes throughput of the next highest
wonrbarisesgodata is chosen. This rule shoul d be pPappiSe®d040702

recursively for all priority levels. [0058] The

following is an exanpl e of an inplenentation of the

[ d TF@héﬁJlB%hQ?lsngi‘rl?loﬁggéﬁo%v gp%véﬁs g&f&g&eeddfor

t hat the 1 nvention
HHeselretippl:e shoul d not be consi der ed as limting the

AT ¢ et Brood SanB 1 tgp e Se et dace gs (e

JIrbedhg b¥Fohed 68RHYIEESY tHat@utid HFocBEdsld ﬁ)ﬂo‘ﬁs The
candi date TFC set is referred to as TFC Can. Only

DeRilcal cPéinndmitialigep mdve buffer occupancy greater

th h el
10060]  Treal oot Eri R £ of shrary Py WuhTa Clsf Sne 78

has val i davEiladld - Eke THIC Eadz{t:amdﬂii% 'glr(eata@r t han
zero). -10 WO 2004/10598 9 PCT, USZO 3/ 040702 [00611
The follow ng 2l ng gure 2) is

perforned for gvAC @fnJFs%bSQ) ?&éﬂe?@25[(gﬁ%%saﬁlg&f select one).

performn stesS|. t'hrolg 0 obtain can
Set s (st SiSefbent rt@e;iénst G}EfédVIdnlay lbystUtrss) TBt bleallable from

e [00631 S4: Initialize p =
1 gr@%%%%g (fa%?ﬁ‘z‘r({e L at |east one TFC with at
| east oneS’?I'B G‘é}mkhﬁﬂﬂe@e ign ldgtcal Charteadl V&lﬂ@@ﬁbﬂi@}@ sﬁEl@that

set). es, . Sba, o to step .S6 . If no
to step §%’§ ]%)g}qal theang |h4‘seéva]§%blécE’DUﬁe‘)0 be sent; Jdiee gical

he fi
EI'F?I Cla L st Cgl:agﬁgﬁlé\ﬂs ::Jgt _Iﬁ_flg § tfﬁggﬁ'F-E}B a%\dachle ?xt%rﬁggft%ﬁ]annel that

I ogi cal Clla anmmiedvhotthaip}ogmal thyarmed thah atvhﬂable TBee
001 cal chamel ey ekl ahl oo RO QS gl 1
transport chanhele ihatore than one such logical channel, select one
randomly. Then go to step S10.
b. If no, S7b, 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. Ifyes, S1la:
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).

-11-



is mapped to that |ogical channel has avail able TBs.

a. If yes, S7a, to go S9 and sel ect that | ogical
wohemnnadseo | f  there is nore than one such | ogi eair/us2003/040702

channel , select one randomy. Then go to step 510. b.

If no, S7b, go to step S16 (no nore data with priority

p). S10: Cneck if p%%msu a{tssqmr&&qq?nmaﬁ’%ﬂo%&szes

for the sel ectéed ogr cal”’ ann yes, Sl0a, go
to step S11 and check iTB$ heedRBrsime avhilable atympspfortthis
channel i,f,th}he same si ze as. the PDU size + AMC

header. | f yes, SiiaeleCtiory (o S13 and sel ect PDUs

fromthis I ogigcal ehapredp spe. fill up as many
avai | abl e TBs as possi bl e in the transport channel .

2. Update | ogical channel information as follows: a.
ThIS|Olca| is blocked for this TFC

selectio (I oéf%%faé&rﬁ]’annel al ready served). -11 WO

2004/ 059869 PQT/ USRR0&/ 880%Bare Bhe Gogital Hdnnalpdatomsidered
informatiqn _as follo B e e avai | abl e
anynor e fRipclkeg;fer tmﬁ%&&&ﬁ? aﬂ ‘th& g‘%é't ep S14.

ii. If no, S Blb, @he@e&ﬁ‘n%s e the | ogical

channel is considered blocked for this TFC (PDUs do

not fi . tllﬁel_oTH'I)b 2 Then return to step S7. :
Bgssisbﬂ-gbli- nl t t 0 n %‘Eﬂl fghlalﬁsng ar\% %Xeﬁ%sﬁ% in that
this | ogi ﬂi‘@hs;ﬁ)li\ﬁﬂ&ﬁ{nel with bits from this logical channel.
ii. At S14, 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. Go to step S15.
At S15, 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 S16, 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 iwhen using TFC j (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 DCH i is computed as:

-19-



ii. At S14, update TB information as follows: 1. TBs
used are no longer available for this TFC sel ection
wOi2004/05%868 | ogi cal channel is considered bl ockedTfusz003/040702

this TFC selection (logical channel already served).

iv. G0 to step S15. At S15, check if all the TBs in

this TFC are filled. a. If yes, Sl5a, go to;glep S16

(no nore spacelliroughpisdp, ZVFGWMIMBIFSKPHU? Wurn

to step S7. At S16, conpute the total optid&r&hi.J

throughput of priority p data for this TFC, as fgquation 1

follows: Let Nuin - Bits (p, i, j) denote the nunber
of bits of priori dat a that can be transmitted on
vOGHe | mehmgas@a%ﬁ Jength ef TF for EyGH ¢ givereEF e

nunber of TBs being sent, including any RLC and/ or MAC

head th ' l.i cabl e and/ t

nor mal i 2ot HRabBRBA G oBBRP T Ji R st defe Bt thel GG Ty i
20044059881 BEyUSEOR3 1401084 thid MhptbbOHE puiot Ry data.

i) :NumBlts(pl, j) TTl Length(i, j) Equation 1

where ?Tl Length(i, j)JS the TTI Iength of TF for
Tr CHTptagyi Yeausipe (p, J)HETﬁtﬁ”ahP"éicﬂl t hr oughput of
priority p data for thé CCTrCH is the sum of every

DCH s nor nal.i hput of t pr dat a.

Tot al gg%ﬁp‘ﬂle(:% lfo‘j%% 8 aﬁq%{ﬁgﬁgﬁﬁ (%'T% Hya‘)n At S17,
check |f there are _nore TECs in T

S17a, sel ect the ndk¥estEd7antelewd tBSé’l?X)E g‘th%‘bd g‘Sgadbto step
If no, S17b, (g ! TFCs were checked), go to step S18.

At S18, anong all TFCs in TFC Can, there is at |east
one TFC, say b. If no, S17b, (all TFCs were checked), go to step S18.

At S18, among all TFCs in TFC_Can, there is at least one TFC, say
TFC k, that provides the highest "total optimal throughput" for
priority p, such as:

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

i

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 f

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.

1. If yes, S20a:

-13-



TFC k, that provides the highest "total optinal
t hroughput” for priority p, such as: k = argmax{Tot al

wO Dhumaggeput (p, j)} Equation 2 Delete (i.e. "#Csmaz@3pN40702
all TFCs that provide throughput | ess than the one'

~of TFC k from TFC_Can. Then go to step S19. At S19,

check if there is at {e@rfto®™®a aHdlerbiteHéet @AM bN3hodtaPRCs,
all the TBs filled. a. If not, S19a, go to S20 and

check if there is at ¢adledt T§heNoPag {HEPs dbet dwomot require
belong to TFC Can and_that has all TBs filled. i. If
yes, S20a: -13 WD 2 59369 PCT/ US2003/ 040702 1.

Go to S21 and create et W th al hos ,

cal | 60 TRC Nopad (TRCE YRR i TFEHaR REC SN gyioct the
2. Among all the TFCSTFQ TiarNotetides eltfshest he'tothFC optimal
t hat provides highest "total optiml throughput" for

priority p data. 3. Adgoughputifie préprity@ dale- (candi dat e
set). ii. If not, S20b, continue to step S22. b. If

yes, S19b, continue td fddghapTF( tedPlECiGam(candilate net).
TFC in TFC Can that does not require padding). At S22,
check if all TFCsiii n TFY @anSRGwecontinue hestepsS32.1 | ed.

a. If yes, S22a, go to step S25 (TFC selection is

done). b. If mo, 392Pdx, S§6btcontinept@A8p SAL (152Be isgickatdy one

p=p+l. A gﬁég%%%léanp th<a't d%esa r'mtl lfeq}/l%%’paﬁﬁidfnag‘).

return to ste
At S22, check if all TFCs in TFC_Can have all the TBs filled.

a. If yes, S22a, go to step S25 (TFC selection is done).
b. If no, S22b, go to step S23.
|

At S23, update p = p+1.

At S24 Check if p<8

a. If yes, S24a, return to step S5

b. If no, S24b, go to step S25 (all priorities checked, will
select one TFC).

At S25, check if there is at least one TF'C in TFC_Can that does not
require padding PDUs.
a. If yes, S25a, go to step S26.
b. If no, S25b go to step S27.

At S26, select the TFC from TFC_Can that does not require
padding. If

-14-



b. If no, S24b, go to step S25 (all priorities

checked, wll select one TFC). At S25, check if there
wo0@t0sdssast one TFC in TFC Can that does not PCEmS2008/040702

padding PDUs. a. If yes, S25a, go to step S26. b. If

no, S25b go to step S27. At S26, select the TFC from

TFC_Can t hat %%E%%gieg h'nr ’Pﬁéddvﬁﬂabfeftha%ﬁﬁmm require

2004/ 059869 P ere I's nore

TFC avai | abl e p:hhlingl,oemong)tthomqweﬂ@t thadbF@gthadinurogides the
t hose, select the TFEC t at rovi des the m ni num data
rate. At S27, Biymmdgia from TFC_Can t hat

provi des tAESH, HeldspthIPR@ ffoat BFC! CahRBEEpioside e flt@Hnum
one TFC available with the same data rate, select one

randonl y. d&t4 Tatenlfithera isfmonedhapnue THC enallae wikhthe same
Bel ect T onti 1ok SpRES o RSk il B i RN SRR T
MAC- d Ielnlt wﬁthepadd‘sM@P@UasfrbmcRLﬁd [ nt he . ¢ ber

5@& aVRee:Y ﬁhgcﬁ‘ﬁga%@%%tss 3ﬂ 3he ﬁi@g lay& 5 fome in

DM By arfBMAGJg et AR5 IMAD- @fsqséatw it E}?@@BﬁfroﬁﬁigaRNc (C-

between S-RNC and C-RNC, forward access channel

f@lﬁﬂ&:&md ih@@/l@@m M C-¢ peniesdl MACshisdenatedin thie SRAE pad there
%/A aE gSzontrol the nunber of SDUs (credits)
each 8 CPP RNC) can send for an associ ated
[podsiri ty IrFé&G][dr 7] ﬂr@nél.;]fén/ddtadibﬁ@ée@rs (Ij{NUTﬁldd\ﬂﬁiNCsﬁi'\eﬁi&access
n SDU.si or each pri ty, and. send t
PRenRIEACT D fawrel tpupach Bovicoutighgliows H@w f¢foto
dohaRstid L &dpet 910§J§ijs &ére&ft@ﬂ!h%% eEc]:pM(AQ] 9. (sauech Qan send for an

congestion In I mredi ately stops
stssma%dsa‘ucu“rtdeAthcwmndmatox} e'Bhe YAC-d gelléchs ae@DU size

f]ﬂﬁﬁ%c nf)jrlbcgrl e%nt hat .heeda%gl%lgﬂrl@m& an%gle tM&& A ff‘ers %hls data,

before it is transmitted.

[0066] If credits = 0 (e.g. due to congestion in the C-RNC), the S-RNC
. immediately stops transmission of MAC-c SDUs. If credits = "unlimited", it

indicates that the SRNC may transmit an unlimited number of MAC-¢c SDUs.

[0067] The following sections describe the TFC selection algorithm for RNC

MAC-c (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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[0067] The follow ng sections describe the TFC
selection algorithmfor RNC MAC-c (Figure 1) and the
weRW4asgss9 sel ecti on al gorithm for conmon transporTiusS2003/040702
channels in the RNC MAC-d. [0068] The RNC MAC-d TFC
sel ection algorithmis simlar to that for the UE
W BOrohSIERARPL TBT bhP Ble Al LRRIADY fldes bhelits TrOs
o restriction OF anshi t power , ence
mmdtlbemstaﬂtishpde%mé sdt ibesferredite apthe badmidéd ate seti's YAHTFCs in
previ ous section applies to MAC-d in both UE
%ﬁdalﬁﬁéa*s‘% g augt 0069] The MAC speci fication does not

speci fy apy r%%éem TFC sel ection on RNC
However for the U decode the data properly, there

Fequi t emcht o Seerat e Ean BIAR. R ok iR ABRE T ofa
TRCH tis5R{d 3hAdy ivthe[ 0010 oBdfedlEl sfdhe driCiy aadTFC f or

the case of MAC-c, the set of valid TFCs nust be

est abl i shed This set ferred to as the "candi dat e
set" 3TFCdS "’rﬁ’mﬂeﬁg’l%% ’égg@L@@pn t100.  hel ong
to the TFCS 2. respect the TTI corrpatlblllty - the

t
BE72°%1 TRy 80 e e el AR SIRAAR A
satisfy tﬂ]be‘olmbyﬁnsgmzftega nathe nrde[r@ﬂﬁﬂlimHtieeychteslmted‘ B&lomuist

. be selected fromthe candi date set and nust satisfy.
the fol | ohi ng N¢iathey 4G allewsobhfe trangmisiien ¢ h’é’?r%\%égheSt

l'isted bﬁ#ﬁﬁfelt);‘dam}lg}lt%ﬁé ciendfr@Ws the transm ssion

of nore priority data than the chosen TFC. 2:

No other 7. FC avb otker LIRS &1ﬂmmmamnﬁloﬁwmodaﬂataf fromthe
the next lower priogrity Ioglcal channels Thi

criteri onn¢x lomisri widorite logical chapnelsy  {Tihds rcé‘ﬁ%‘il?ﬁ Ay applied
priority o) d},a? wer bit rate
than the ¢ t glgééﬁel)ég&% \/us{]m-rg’erg ec @¥| tgst in first

&l&tc dWl t h3 N eagh otdrArHQ ab Qﬂmd@lt Bit raec@iavetiefchogan TFC.

-

4, Must respect "first in first out" within each priority for data
received from MAC-d.
[0072] For the 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 buffer to be time stamped in order to
maintain the order, while the second approach would require coordination of the
priorities.
[0073] For blocking purposes, MAC-c can schedule data on any of the
FACHs mapped on the coded composite channel. If data from alogical channel is
sent on a transport channel with TTI of length ’t’, data from the same logical

- channel should not be sent on other transport channels, for the duration of ’t’ as
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[0072] For the MAC-c procedure, the data that is

received fromMAC-d is buffered in MAGC-c. This can be
wdama/8986ei t her havi ng one queue per UE, or oOneCTAS20198/040702

for all the UEs, or one queue for each priority. It is

proposed to have one queue per priority, as doing so

t of o t

R 1O b oBPOL Bhach DL P as i Tl BTG &8 e UE

shile)ti me stanped in order to nmaintain the order, mhlle

R BBt L 5 C00 05 100 i

b§ P&t L t1ca¢ el Btr hshiRSion FHCHIuPRRAE dq el foltBe aOTesd the

conposite channel. If data froma | ogical channel is

la@ﬁrar@mlhtedrtmerttch@naﬁ}{ep diterropy phagrlogiey ghpnnel will not be
sgx?tt(%%%%gﬁ%éthf’nga”e | ogi cal channel shoul d not be sent

fansport channels, for the- duration of't'
[@®75]- 16 VDrZﬁﬂ"ﬁUr@dBﬂBﬁB(dEﬁE’fdd&%ﬁ)ﬁomm d) tiﬂmspmbtem can be

sﬁp_r%g (oy%éoc qlg] %Ea %ggfﬁeeggr%{qg%%% Iyirzla-ﬁohvgevr A I vi nﬁmgﬁlq would
IQH‘EJ ﬁhd&hﬁﬁﬂﬁéﬁoﬂ ke %ﬁt@ﬁph%ﬁhﬁ%g 43 EPéMRH ankbhnt of data is

| ocki ng the channel tor transm ssion for a duration

bécepkad even ifhié iTTpt peceskary, had leadsdgnilelesdnithg veggmpission of
| f h
SGEPRDEL b s AR PO o R I ARASE s oo

L(Eilé'[?é Blé)blgé‘dé‘ft')dlt@dﬁéxﬁ@iﬂtwﬂaiﬁ)a frdl?ltKISJUEbif&haﬁ phiobiy is sent on a
sol ve y OCKJ] ng .t he a ol .a glve riorl
tranmeoEchapRelsvidh ngé&@ﬁoaéu s eaghises Ui mpunt Ofdata thatcan
gtsbht 5@&%&1 A URSHRMILSSAVECER AR o@oﬁ{e‘%fﬂr@f)leﬁimum of

ata I s | ocked even If it is not necesSary,. and
[0&Hds t o As theipagding, MHeCcrcan sedquest paddihg PdHY sorly dram CCCH

' d
R RPBRT o GO R e oo D o b Geadied, fac-
rs@i@tééﬂmﬁaﬁdmgﬂofsﬁmmml ority is sent on a
ansport channel with TTlI perjod't'. This, increases

Q(W& amounFhefollgwing s example plansgmplenygrtational the RYEMAC-
R0 & tlﬁﬁlﬁfﬁ%gugg a4l b Ridels %5199 lb?%dér%slhéaﬁwentlon

for pa can request pa nly from
shaxd noRbé:hmltéd . scbpe IBEEH ondhb kpakph: gweh bIﬁt cpxatlwi segpe of the
fD%l%‘ are required, MAC-c requests only paddi ng PDUs

RLC.

[0078] In this MAC-c algorithm, algorithm:
- A buffer with transferred PDUs is referred 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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[0077] The follow ng is an exanple of an

i npl enmentati on of the RNC MAC- ¢ TFC Sel ection
wonromgdderse. The i nvention is much broader and PO®/US2003/040702

invention should not be limted in scope based on the

exanpl e given but on the scope of the clains. [0078]

In this MAGc %@ﬁé& nc@lt(Qng‘u%Wj.A to ﬁ)%@ffﬁlovyﬁlggteps are

transferred P rred to as a "logica
pédoviedd forfhe Mfa@d:l’ﬂﬁﬂ eel‘éEiﬁoxs elgoirishmef er r ed t 0 as
TFC _Can - i Jcal fhannels t hat have buffer
occupancyglgre pik ]tzﬁé’h“ zero shall be considered for

the TFC 8l eclgHRBk -if Th&realsofy 1daBtos BT with snleysti bne TB
the TFC set has valid TFCs (TFCs with data rate

maﬁatwm@&@mﬂﬁ%@@wﬂwﬁ%@ C set).

PCT/ US2003/ 04Q702 r e to Figures 1A to
1D, the foll 0\%” ng g{ 'gag%]% It %ﬁa?%red for the MAC-c

TFC sel ecti onbal goif ﬂid;rSQbSlgo td> Btdpl 226 4]l PFEL filkal, will select
Check if there is at |least one TFC wth at | east one
TB avai | abl e °Pf)-t he TFC Can (candi date TFC set). a.

If yes, S28, @R1dcP thb qﬁ“s‘g’i‘Fd’ witH abQeastZhe UB &hiFdb®P from
S26 (all TFCs filled, will select one). S3: Select

the firstTHEE s {dandidate I¥C stk TB avail abl e from

TFC._Can ( _nd|(ﬁ1 13 tlfgtlflerg 1est22 ?fl cal 9? t hIVJalFﬁ Bﬁ%ﬁtﬂfﬁ s@ch that:

| ogi cal chédnne r|or| p suc

| afiedagicehélivigle] Nas Ma]bbé)PB‘LFQDtdsbé Geht 1§ ehe :selectadhipgical
sel ected | ogical. . ch

C eaRES 158 GIot t P logisel ehaniebisceat Blodsd e sploctodIFC; i
S%@%%fe?téd"%gﬁﬁi cﬁm% of ﬁ'aﬁéfef'xreﬁrﬁﬁﬁé REn 8@& frhgfare is a

[ east one PDU that is not
blleastechd BDU Ihhaisfsl eat ldcgdClor e &eh@t%b TEE; eend the selected

| ngglca clfa%%%? S notsbloc% t%(l)roﬁlke%FfCor 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 PDU sizes for the selected
logical channel.
a. If yes, S6a, go to S7 and check if there is a TB available
with the same size as the PDU size + MAC header.
1. 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. If yes, S4a, go to S5 and select that |ogical

channel. If there is nore than one such | ogical
wohennadsed sel ect one randonmly. Go to step S6. POT/USE003/040702

no, S4b, go to S17 (no nore data with priority p).

S6: Check if there is a restriction on PDU sizes for

the selected |ogigal chaePpiR- tHat %RSnotoBRCkEP f+én this
S7 and check if there is a TB available wth the sane

size as the PDU si lgienl Mh@uhelaiefill up as mamss avalable gkPs as

to S8 and: 1. select the.transport anne |
TB size. |If rmore PRSH Sﬁ%{;}%\ertggﬁ éﬁrfg}barnen,ell'speiql)ggte Iegﬁzmmust
transport channel rédpatt BIRGSlbdRABUSMM AR Skie.

data rate, as follows: MAX {(numher of avail aple
TBs)/ TTl si ze}; and3. - 18Ungatedodfeysntpsmation as follows:

PCT/ US2003/ 040702 2. sgl eCtpﬁQPﬁfk%ﬁ A8 R aRhReEedthis

fromthis |ogical channel to up as many
avai |l abl e TBs as possi BF€ setectibn, theargopordlicadinel .

PDU sel ection nust res t, Fl.EOQ . bl ocked P. t b
ski pped. 3. Update buff@f’af"?ﬁ ﬁ%@?’@%%ggafsﬁ%ﬁwsa. °

PDUs sel ected are not avqil aBeubel atdhét avhilable anymore for
sel ection, then go to Sl1 and: Uggate TB i nformation
as follows: a. TBs used thissTRGselegliPRabl e anynore for

this TFC sel ecti onTh}H%%tg%tetp?%ﬂ.ep S14. ii. If no,
0 .

S7b, go to S9 to per I's logical channel is
consi dered bl dikedIf ns, STHhiss taBE t§ perfoemPDUs do not
fit the 1. This logical 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 S10 and:
i.  select a transport channel that gives the maximum available
data rate, as follows:
MAX {(number of available TBs * TBsize)/T'TIsize}.
ii.  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. If the selected logical channel is a CCCH, S12a, go to S14 and:
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TFC). 2. Then return to step S4. b. If no, S6b, go to

S10 and: i. select a transport channel that gives the
woanidmaseeavai | abl e data rate, as follows: MAXPCTmS2d08/040702
of available TBs * TBsize)/TTlsize}. ii. Fill up as

many TBs as possible in that transport channel with

bits fromthi %AI&Q}&%GWO bd blockéepﬂﬁttﬁlsbyf‘@e&urmg this

i nformati on as f ol , bits used are not avail able
anynor f¥@r this TFC ssedlediandifordhd nekbtieps efdhe BEC Selectlon

counted. ipn.t uf fer occupancy. iv. Then go to step
S11 to(%%gjdfgﬁq’g information as follows: 1. TBs used

ar e not3, afathkaelRtcanoaivat choindl s s0d ECSEHe @12bngo to S13 to
Then go to step S12. 2. If the selected | ogical
~ channel i9etgrmaErey S12a, go to 814 and -19 WO

2004/ 0598

bl ocked f%?hg%aé@ég&%a%ﬁ% rté?:? I on Efl 2 tl%ngo
t he nexv StEps asfurehe TFC sel ect| on for this TTI). 3.

If the sel ected Is not a CCCH, Si12b,

go to S13 to 1@%&%%1??5??5{}%@3& ect ed | ogi cal

channel is of tdranstes sode Bker (1%1%1115 bﬂanq;a, aﬁ@ S15,
to assure: - all the other PDUs

sane buffer (i-have thagame{B ﬂpt%ﬁ)theéﬁ@ D ?ffRIéUfﬁﬁ ée]§8tr?é are
UE I D as the UE | Dﬁ%ﬁ%&’&}éasmoﬁfé@%geqhﬁr PCCARSgenRd TFC

bl ocked for this T urin ectlon f or
seleetioe Xfor $heeps of t he Tﬁékt&ﬂbm:oﬁ thue TRC selactsor ot )thisSI'TI).

I f t he 3#% §6¢° ecte Iltc):gailcalcc %{{ﬂ&' is not QP %raggfeg‘lte%%ﬁgr§fi3b g0
d1rect1y to S16.
At S16, check if all the TBs in this TFC are filled.
a. If yes, S16a, go to step S17 (no more space in this TFC).
b. If no, S16b, return to step S4.
At S17, 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 i is computed as

10 ms .
Throughput(p,i, j) = Num_ Bits(p,i, j) Equation 3
oughput(p,i, j) (p>i, ) TT1 LengihG. J) q

where TTI Length(, j) is the TTI length of TF for TrCH i given TFC .

The total optimal throughput of priority p data for the CCTrCH (S-
CCPCH) is the sum of every FACH’s normalized throughput of this
priority data.
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directly to S16. At 516, check if all the TBs in this
TFC are filled. a. If yes, Sl6a, go to step S17 (no
wouoE/syggage in this TFC). b. If no, S16b, ret BCI/US2003/040702

step S4. At S17, conpute the total optiml throughput

of priorityp data for this TFC, as follows: Let Num
_Bits (p,1,, J) _depote the nber of bits of priorityp
dat a thatTOt‘gaﬁ“E%g R Ra pri T 4 lr%uﬁh?'ﬂg@ll’ijsv\hen usi ng TFC

j (i.e., TB size times the nunber of TBs being sent,

nC) U hBg 3Rk B AF Mo TREATAITH G R o

appl i cable and/or " paddi ng e normalized .

i ougnbuL of pEARSeh S RRTRAL Biyatro TagouRkank &b b

or " oo ) o 5 10, HERBEE eyl 1 o M 8191
o tho ABusopure g BB S T it PBe S BLSABLY o O sa

this pripsity 1dat drovidds MR BPGLDEIRADptimal throughput" for
PCT/ US2003/ 040702 “Total _Aroughput(p, j) = 1

Thr oughpuiriqrityin, siiph As: S18, check if there are nore

TFCs in TFC Can. a. |If_vyes 8 sel ect the nex :
and returﬁ=iaE$§?§%xé€0f‘é‘,¢Th¥%‘3hﬁ"?&pn2’,} s18b, (all TFC@q‘\%@?%M
checked), go to step S19. At S19, anong all TFCs in
TFC_Can, el R@fed TFC
provi des Iﬁglgg%?%?gg th@%‘f’ﬂggﬁ@éppﬁ ﬁlr/egﬁgl%b'?g S(Tﬁor ©
priority JpfroaiffRCa€ank = arg max{Total _Throughput (p,

j) } Equation 4 Delete all TFCs that provide

t hr oug820, elsscktib ehbrt heaslehecdredIAE th TFC Cam theCh@aall the
At S20, check if there is at Iggst one TFC in TFC Can
t hat has THs|filladddoes not require padding).

a. Ifnot, S20a, 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 mnot require
padding);
2. among all the TFCs in TFC_NoPad, select the
TFC providing the highest "total optimal

throughput" for priority p data; and
3. add that TFC to TFC_Can.
ii. Ifnot, S21b, continue to step S23.

b. Ifyes, S20b, continue to step S23 (there is already one TFC in
TFC_Can that does not require padding).

At 823, check if all TFCs in TFC_Can have all the TBs filled.
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TBs filled (does not require padding). a. If not,

S20a, go to S21 and check if there is at |east one TFC
wohei4/05e862s not bel ong to TFC Can and that hasPairiusiim®s/040702

filled. i. If yes, S2la, go to S22 to: 1. Create a set

with all those TFCs, called TFC_NoPad (TFCs that do

ot S PR, 2o 6 IPARA I ORRTERS, o yone.
“total opgimal gliohrsx%ggh%ggo ste§§22“ ority p data; and

3. add that TF 1f not, S21b,

COn 008 OSSR By B MR ok R8, [0,
I S R e
Zror 326 Brre Laroarpant & densto bl ohpris Bausct ghct one

to steprB@4. At S24, update p = p+1l, then go to S25 to
check if p<=8. a. If yes, S25a, return to step S2. b.

I'T no, SPBbe, 8ckar &R i9401dadt bn® TR Id TEFS_EARGKEH does not

sel ect one TFC). At S26, check if there is at |east
one TFC i meqrmce_p:addmgeHDTd@es not require padding
PDUs. a. If yes, S26a, go to step S27. b. If no,
S26b, go o st HjyeS2826aAg0$@ Bteps¥lect the TFC from

TFC.Cen Rt dags oI c g, Badd g 11 there 1o
paddi ngAt SeNRekkct HRSERC $RhETRCL 08n Tkt ddedhoPrduiemdding. If
t he m ni num data rate.
there is more than one TFC available that does not require padding,
among those, select the TFC that provides the minimum data rate.

At 528, select the TFC from TFC_Can that provides the minimum data
rate. If there is more than one TFC available with the same number
of bits, select one randomly. Fill in the unfilled PDUs in the TFC
with padding PDUs from RLC (CCCH).

After either S27 or S28, go to S29.

At S29, 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 S30, 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 UE ID 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 selectlon

algonthm implementation, mcludes more steps than the algorithm of Flgure 2.
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At S28, select the TFC from TFC Can that provides the
mninmumdata rate. If there is nore than one TFC
waveidoatiee with the same number of bits, sel eeCT@S2003/040702
randonmly. Fill in the unfilled PDUs in the TFC with
paddi ng PDUs from RLC (CCCH). After either S27 or S28,

[0680]0 S29ThAMERS cdif bd Bn okt 'bv%fh% E&l:l dif%nbwea fS-(i;jr:[S‘:’aslizes (the

' CCCH be blocked for all TFCs
ag]g)nﬂselég??%?ﬁtdggﬁ’éd e E}téﬁoTF éspﬁ@?e?ﬁ%C‘d?CH bBecondarys@antmon Control

h.loqi.c h ..

CIRANE) (2 betmof ritiibort BlapBBFilibR'sifien b7 R H npiority).
AgACHiflowpeirgroltfyyme s';semiseid(rjbyt the (Sﬁll\mﬁ tE@fbgmmﬂalF aat@% f%) flow.

j ' equ
b gl o, Dy Bl L0 L
thae.bThe FRCH Wowlcbn b amle¥haBl REEAIRGHE fnu(%ﬂl;gf* of gﬁe%{itstt%e S-

Tl of the transport channel selecte or tha
él\g‘gil\lép-%%ﬁ%ﬁyeﬂsaﬂ[owdgp tRingmib 1, which shows the

he. . TEC.sel ection .a .

e ot L ach M M 0 RS Rl e R OEAG N Rt The
MACH geleets2a SDUZiMO(2604+GHABERe B@ﬁﬁ%@oﬂtﬂf&zg&h logical

The ,MAC-d b onfigured with a set o
"a%)‘g ]%e%%@llﬁ %@%( {’18%%&61 Cgﬁ% ¥ Se3pgBEE@)emdithenumber

offirkBlBlle &rRQitS T IRSHFACEE BRUALY. m@gg S'sBne size eflvi same

annel )) for each comon transport annel priori
FAGH egiosity praadre renemitted in the aHFACEMatnfranie. f r ame

' d - t ontrol the user data flow
B2y ne AR a o eherEpdREe MFietlehaned simeafs on the
cReepposting RAC amfigaiiiten, the @gicﬂhﬁfrﬁ%%,%&:%% ber of

. | ' he number of credits the S
2% %‘Eﬁe S%@fggg}ag:ﬁ%éﬁspr?%ﬁ% ansmit. [0081] For ea_c?
| ' i FACH pri qt,i .

O T e B s mAD bERAT S ey oPredies bedea
fog saek §INEsizecHthe oundweiof tredits aéquicéthmmeﬂ(i%lé?ﬁwgmgt gﬁ]gU size

{.cal byf f er., occupancy an e
80, Kk 0 SO L B S peaf v
padiiing). SEUSTI st aS nZitidnds SBRRveF AR R'deflctdd) tIRYalize

mtt in the same FACH data frame. .
thtrgggnl?put. T—Powever, that may require selecting a size that requires an

increased number of credits. It should be noted that the more the number of
credits is requested, the more times the MAC header is added, resulting in more
overhead.

[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 useful in a fully loaded system. Also, ifthe 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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[0082] The SDU size selection for a |ogical channe
depends on the corresponding RLC configuration, the
woOag4amadseghannel BO, and t he nunber of avai | aBC®1US2003/040702
credits for that FACH priority. [0083] For a given BO
there may be a variable nunber of credits needed for

[0085] SDU The éollokfing hearwaEbgsle Gfar?ﬁﬁ?@ﬁﬁ:nﬁa%?ﬂf dretle RNGMAC-

dggb&i E]Jél ed][ebépt he SDU size does not exact mat ¢

) fi SPYeCUPT IPrecedure: e The Aaventismhisanbt(1Rnited padhie fig)awing
eRAmPRY SIZ end i Nl [ verh i elected, ..
to maxim ze t|1r}ﬁ;re(131 Gﬂgﬁplgtlﬁgﬁibé\ﬁgv%rl?e ﬁ Hlalfe%?l%'rlzﬁ ﬁ]i?? gppending
cldscting a size that requires an increased nunber of

credits, (1t shoul.d npt that. the nore the nunber
of EII% e 1 ssepgqﬁﬂgsego, %ﬁ‘ﬁ é&g’&"‘e MAed follewppihe following
phedare (Seedtigech 3 esul ting in nore overhead. [0084]
Since there 1s no closed formequation to determ ne

kh opt7eactithe bighestprippity (ird. ZhighestMdLRLC paddi ng
ovwsyr.head 1.0 e Z4 er of . credits, for
orin 50 e Pl f Mt TR prdbrin F S ishore than one
credits Hegiegl chwanhel fvith thagipvienitBQeldch 066 reEdAHly.

because, el ecting a size that requires a | esser
n %e r of]?%ﬁﬁéé’fﬁg? I'OH%%OCGPB%I'FQYS‘:’%}PQ&I(’W& thapiel, elect the SDU
future usge WHChsRIT) AStI0iPA cHEXLELTEIYAIET Ul I a

[ e

fully | oaded system Also, I's very |large ,
conpar ed Bagedenthe namlies pfesditsh evail dide ROMAIN-dWetermine the

mnimze h ver.head d, t he, nunber, of .

credits. Sa-ng@j%tféﬁ%%&@g&tsg@ﬁ £ B9 ya5ueibed hygtdng each

The fol | RDUgsize (ot iaxadple paddiag 1bits)! emnéﬁthiTﬁmPEize, the
e

the RNC NMAC- DU, si ze sel ection procedure.

i nventi oﬁrﬁl@r‘%&?mfpm@@ﬂnP&St“héwﬁ@lhyevm ng exanpl e,
andtheh\@ﬁﬁ jon is intended to be limted only by
t he appe g]gocFréFi}?ﬁ?imﬂUcﬁﬂfér to send SDUs to the

MAC-c, MAC-d follows the follow ng procedure (See
Fi gure 3)°elest theldD iz thet givgh tes mpxinowitaynduint ef information

st Mgt L5 3 Al LSRR g o

wi t h t hainformetibh yhitss edebet thaePDunsiasithiat 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
channel. The credits allowed must be respected when selecting the
number of SDUs to be sent.

S5:  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.
- Ifno, S5b, go to S6.
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S3: Based on the buffer occupancy of the |ogica

channel, select the SDU size to be used for that
woOag4aadseghannel , as foll ows: Based on the nunber/usto03/040702

"credits" available in MAC-d, determ ne the anount of

information bits that can be transmtted by using each

PDU sizz&q( BREIalbRE |"§.¥¥”' TQ}(HQQQH]&aHieI F ea 1P B]ﬁﬁgﬁe ?Q&J a %{Iven

Si ze, t he  anount ormation bits is glven
(BO, cr egiibsity). PINoti thay thSSDAE sizelie tRDEAmE for atgaven logical

e on SR BRI e 0 o

i nf or matth@Rakletptiordt§l ecThad)er H@iﬂb %@ A lbfiad] @iaresld with that
m ni nrum nunber of credits, required to send the %lven
a a

maxi mumpaiasitst there willferavat ileastismes(l) pad idrmaostia
PDU
S th‘ﬁagrhésﬁgorn]%es 1ze5ﬂ| Tf m"msﬂ %ﬁ?oen{%rfott%gt%a% the order

sel ect s Zée.

be sent of therSDAL fol @@d:}ch)gmahalmmiel I\/Hnmsﬁlbbhnambmnbé inside
sent but Oﬁéﬁ%@] single SDU size is allowed for that

| ogi cal t RMeThe credits al |l owed nust be

respeqiesh, \éﬁ&fk i$ %&%tdr@ GndrBQogiBNHAGENEls aSBkabIc0 be
sent. S5: 'Check if there are nore |ogical channels

with the Kaes Sei g0 tq%ﬁ trsglect the nrxt dighest pripyity ayailpbleand

avai | abl r.that priority If yes, SSa, return to S2.
I'f no, 58 a& [y ?% S6. -24 WD 2004/ 059869
PCT/ USZOOH&@@’?EZ:he@&o@ﬁurénm dvdrone "lur" FACH dat a

frame for_each SDU size iven prio
[Q98% t he Isajbegr%éwv%sq%@n%éhé fgw\ﬁaﬂaﬁe ' éﬂ&dﬁl\go perform
T@@Qél%twrp#)ﬁs erided dinhl ehe e REiof 'bfeﬁﬁééaﬂ‘MA@ gh8 ®LC, both

channe e same priority. Thus, if there are n
logigalchhnuélanods- bamdtchnﬁguattatlopnnﬁnmajnont(hf@rt@) and bulferedidata

ast ,.on 1) and at t n FACH data franes (one for
%@EW%OEZ?}% Tpic ﬁlé%]il%e@ 50 be noted that the order of

"~ the SDUs A@per@eMATYPeaocsliBRoiicativa (3GPPITES 26:821ednd the
RILn(jc’ IPgotocol Specification (3GPP TS 25.322), the RLC provides the MAC with
the buffer occupancy (BO), which is the total amount of data buffered in the RLC.

However, since the MAC needs more information from the RLC in order to
perform TFC selection, 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 25.322) does not specify what the "RLC Entity
Info" must contain.

[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

-TTL
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the data franme. At S7, check if there are nore | ogical

channel s available. If yes, S7a, go to S8 to sel ect
woOheo4rvasd69 hi ghest priority available and go back/usen03/040702

S2. If no, S7b, the procedure is over. [0086] In the

previ ous sections, the information needed in order to

orm wlEC
RO, T M R RS i it
P]tl)m?fiz@ as %Cbeﬁ‘m‘ml lgtcs;IiSitTl@érefdité Qe R 1L © nalﬁlsd‘taﬂ'eai:)e RIDUs ahead of
uffere ta_ infor ded.
B BB g PTG Rasen b ER R R o STIbs e bagtwidad by the
Rﬂ@dl ikﬁran&gf E’ﬂ’aﬁtsﬂﬁé%llmﬁpﬁﬁ Eh Gekh Ael8sPRols, AR BBR) size is

the RLC provides the Cwth the buffer occupancy
ﬁ(c@b)apd\thex:etﬁonesnfomlamnéiasephm phe orifferad XINJ$ ean bejprayided by
¢ et? However, since the MAC needs nore
}? {5 rratlon fromthe RLC in order to perform TFC
. [(®®DECt | ONNott hBatRE TIOresaikctispeaitibbleathn noftaGPEhelBLC mode

Rt e e e I S LR 3 B ot
T
%ﬁ%%t&r%a%’] o t&%@?ﬁ? Wiffered <ata QHﬁlsac@(%ﬁst%@]el?ésfeM dﬁ'f‘ﬁ{e RLC

. must contal n
umeef then,the etz ahamntemsdm‘cs tlhmnsd?t@ aEletprDyldEdﬁnStewil I be

ri bed,. i nf i on | used t .
[O(z%%igt ri c%’m @%‘g}elsglﬁﬁl%rh Peli.l u?%%het ?ﬁﬂguﬁﬁhf) £ A8l that 1s
alSi1dRE et diRisaidnting givén REE the AH®FesVEti@by #8ables include

[0088] The TFC restriction variables provide

thm$BRLCPi[bﬁZ%lbb@lt5hQ embeus! SR/ P Usbuerst el ¢
59y B AL, LRSI 3 b i

t oD R8dsi 610 rconifhizts rombyy es«igmd ofatlge tdatm dbpdicestt imdbesRLENmay be
i;bj gqlfles the PDU size on a per TTl basis.
¢ YT TARFBISBOB: cannot create PDUs ahead of the
c%ﬂsa and w3 a1 ROOMEBES, @he BReSAnAIUL e Tk of all o8Bk PDUSs
can be provided by the RLC in advance 0

tremangited 60 Bre MAGH name Il mowstdwdbe spge Thefafoppatiop zeported
t% 3:%1{; s g;d ﬂé{d gﬁgﬁ% %eo rtﬁaf flg r’ig?;é ﬁnsa@cssgg N tﬂgfe these two

e pr ow
restrictions are not violated. Therefore only information for SDUs and PDUs

that are the same size and UE Id Type is provided. Since the data must be
transmitted in the order it was received, the RLC reports only the number of
" consecutive SDUs/PDUs 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 TTI, and therefore the RLC will report that only one SDU
is 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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the RLC. [00901 Note that the TFC restriction

vari abl es can contain the RLC npde itself. However,
woeizoedsgeovi di ng t he RLC node requires the MACPCOD/USREI08/040702

assunptions about the RLC buffered data

characteristics based on the RLC npde, then the data

S L BB B i e o
ti_‘?_?_flsﬁ‘llﬁiiaﬁ df SRLr,G\f?IDUa:ih"eceﬁmd froan $iné suspplen layery @wemount of
S Y At it oo e BO0E gL fapnefs RLO

tfaﬂ%nﬁ% Grinld@R92 N deergndi e RN.CG 'ﬂﬁm%hﬁ:t PEhdowaBide alsSstakitally

order to avoid data transm ssion conflicts, only sone
cmﬁﬁglheddattheﬂﬁered in the RLC may be available for

s s;g A6 SRRk Ve Ml B Rilow Gy SRR BROTE is

d Ty fransmrited t
talﬁbrpﬁp b'y"l'the MAC leadehe Saaeehe T headerrsimet demnde pnrthe dJ EId

o e e At e Lo L TECS FOL e St
tREREL ggﬁgboc&@p)émﬁ@&’L%MGPP o5, S staRd thRid he URAH Type is

are t same Size and Type is provided. Since
rodded by theRLGbw therMASHor pach datartmanygpigeion: ¢ was

[@@%;XE? i @@hgﬁﬁgﬁg atnsli flla%xét%{](ﬁ %Bég?nﬁges%b% c%f DUs that

the MALINEstf feqiedteoraltde RLC ﬁw Mmﬁeearte ktﬂmw whaﬁler or
size and the sane UEIdT 00941Frtr

n@(@déxev@DHsSl@gff@ﬁ@ ani de 85‘ F%}U & EesHif e‘%n Or‘é %‘e TFC
B8k %HQJ%& {ato?e(é 1R(9ﬁda- lglﬂﬁ&%&ﬁﬁﬁﬁ&%ﬁrt N@te&h@t Wit indicator is
report that o

i's avall
staiﬁmm'miﬁgnreqmlml;@r acknovvl edged rmde dependi ng

nthe .C confj.guration
801 psrpenpnsih 0 ES saiomsnPrdd g RRPRRL B beds to be
1@1&%95 th%le@quaror&@—tm@ labltatpeoforBAEC sdlbetianinte wfdding is

avai | abl e PDU data for an acknow edged rmd | o I
apia seenortes inrertain RECraedes @M@HI%AM%%OQGWQ B2 %E@%ng PDU

1n§1ca1\°,/c\9 1@91%%/ B2 %g Va? ﬁg& ﬁé&%g@%%%ﬁ%gllﬂﬁ%a t hlat ' L can
[999]p or t Thaftﬁﬂagcang ara dn%cﬂlmﬁi@geth@;dgggﬁlpiaf;’ﬁ%ﬂthms
fgr %%gcedu}r/ )use(i Lahrm WEAC Olayer for TFC selection to schedule data
transmission. The 3GPP UMTS stated above as the context for the 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 operating
modes of UMTS.
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avai |l abl e PDU data is also restricted by the size of

the logical channel's RLC transmt w ndow. Note that
woheo4RE@6d r ansnmt wi ndow size is statically ceariugeosd40702
in the RLC. [0096] For TFC sel ection, the MAC needs to
know how nuch of the TB is taken up by the MAC

header. Since the TB header cgimg®[slepends on the UE Id
%ge, tlh,en he TFC restriction variables also contain

tiseelpipedise. Note that the MAC protocol

£ cahi T tes t .t he. UE I d.
specit o2l e RT SEATER AL BBl 1oy e
coamamicats o nnetlvael 7 jwisthn c elitliven t&6Ca c abédii tis (frl]etermicr:le power
] i bout th nb f._ PDUs . the MA ,
LA SR e TR o PO gl 10, MAC oy i
nebebiieinchiding et 1dakea %@ﬁicm_fy&r £ b Baéd?&n%lcgeé‘s%flg%l (MAC)

..segment ed., Therefore t TFC restriction vari ables
12¥R2) eRIRPES®Egment ati on i ndicator. Note that this

i ndi gakq4j,+ jcally configured in the RLC. [098]
As nment i‘i{)#ggall%{y? e previous sections, padding

i nf omeaitoomgriescsnit polver ik adime blotidiel MAC in order to

be able.to perform TEC sel ion. Since padding is

onl ySEiBe AaEIcAUoR o 4P 1@&% laprediat opsmamaAReTst s been
reduhi)l, toeftad &i0g tIRDWmd 16k §@hBkr:i S al so included in

the TEC restriction variables. [099] The foregoing is

a de¥¥AiMACIAYe® a nethod and exenplary al gorithns

for : VA ayer .for TFC sel '
o sIHaRERIBEI AR Lol tORRMLe biEhiin Shautdls 1600
habouboaded balesdnttha tinioslot tiatirBx@Mina@intis pddy by way

i nvention can be nodified to

of exanpl e, aﬂ%gﬂ _
ser vEGERESUFR bt Hengdearhed raersnsn neares; and
U r ansitas AN carlila®U6H tFRALbHC Rl-hQR .Scoﬂ{b%tn?tg%ﬁ %?g‘?g Oq]eE % a

be within the scope of the present inven

nppiangl BER isaginam dexintsinooki fipprsedh bintpieseved CETH dduabame
are extrenely advantageous for use in a wreless
network enploying tine division duplex (TDD) for
conmini céftieansthodwfeleim 1twieerabothe HBRMY 466 FuRBEr BRludes:

enpl oyed | . frequency division dupl ex (FDD) type
net wor K. ‘{eg?fglfﬁ tjaait the Heaxizyga dranyritipesvarnasnedeunreds for a

gRER nedRir @ rtOhRehtiPPBalds %formﬂﬁ%in%fsa%%diag’ge 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 frame responsive to every frame of operation of a CCTrCH at

the minimum TFC set;
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WD 2004/ 059869 PCT/ US2003/ 040702 CLAIMS \What is

claimed is: 1. A nethod for scheduling data
woRenRgEvsssi on in a wreless comuni cation net ROTHIS2003/040702

which elimnates a need to determ ne power

requi renents for each transport format conbination

( TFC%Oﬂl%}S]apxﬁl%ﬁet a}%ﬂ%ﬁic%éc?fmn%&iitdpov&@ti%'ﬂl%ﬂn@Cshdfg iof‘&lel?@CTrCH;

| eas ayer and a medi um access contro

apB@ludingythe fult BRErsebimijre caadidaphVECoat wheyeredicted transmit
itorj t ' . a i Lot : ar '
PR b S B R i T B By

tRBRMIt pe&rehed, together with the time slot nunber;

said C layer: determ ning which coded conposite
transm ssi on channels (CCTrCHs) have all ocated codes

in the ti C i - . .
B T Al 0 BT N Gt
| i m pénfgrmaingahe caapeariog stepdorspgiven hiomivet ofcontsicrtive fames in

(TFC) .set to a 1. niymal . TEC set.. xt, conmon
otdaringogs fd i LROZE i o5 St The et ho
~of daim1l wherein the [imting step further includes:
detecting that the maxi numtransmt power has occurred

for & gi Venmethebef Glaimohselenein the gixpp sugeles af consecutive

fI i mstjsgﬁrsea(irg)g candi date TFC set. 3. The nethod of
BUFEAS 25 Werei n t he nunber of consecutive frames is
preferably three (3). 4. The nethod of Claim1 further

conprising: said | ayer: pr.edict.in ower needed

by tHRe fu GW@%%P?%%C@?P%WW?‘L‘%& 9?5&’6%1{ BYTHE each
tf—:?@ sﬂﬁxéor%@g@% (BSRRERIEVE WsEYEse sdchdf® B a8Rehald Gt all
of a CCIr at the

m ni rum TFC set; -28 )
a28igned s0BsRPOringSReaBIOdgtGime slot even if they are from different

CCTrCHs.

8. The method of Claim 7, 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.

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

no 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
no other TFC has a lower bit rate than the chosen TFC.

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

11. The method of claim 1 wherein the providing step further includes:
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conparing the predicted transmt power in all tine

slots of the CCIrCH, and including the full TFC set in
woheo4massdd dat e TFC set when predi cted transnm t PCP@sern3/040702

inall tinme slots of the CCTrCH is | ess than the

maxi mum al l owed UE transmt power. 5. The nethod of

d ai }gpoéidﬁf@@%eefﬂl TRe £ ir ik RIPPrRONGt B&EBe supported.

per f'orm ng e conmparing Step for a given nunber” of
consecutive frames in order to include the full TFC

t jpnt ' TF t.. 6..Th t hod, of
20 B o heRthar Ok it Tt reip il S28167% & ed dyision
A PlegeTOP) technidhieforRbRRGuAtatid@i m 1, wherein

predicting transmt power in each tine slot conprises
consi dering a worst case scenario by assum ng that all

assigpned gco e hej i i ne: ven:
R i R e e
céshAiuichtioshaietivorla which famhimatessed fiend daclietoudsne spewer |

hi ghest beta factor of the CCIrCH ano Ll TE i n .
rqqpéreglz@.@ &qr ﬁ%@%ggﬁ_fo at eﬂ:fg)l '(11%@%&3 118:F%cf}$ﬁsnﬂe slot, said
n%fzc{rﬁ' lcRdiat Rased ?E;}ﬁé’alflﬁﬂﬁ dfden nfeandh dRtdys 6htreLGONAC)

no other TFC all'ows transnission of higher
lgyerorompriglagia in a chosen TFC, no other TFC al | ows
transm,ssi on 1glfa}yrm_re data fromthe next | ower
e

)
pri oT‘arlfl;P CRSA g

S, and no other TFC has a | ower bit
r at egdoh#0ringer£dsie powein 4 @imd Blet;remtchod of claim 1

wherein said MAC |ayer js C-dedi cat ed channel

(VRcRaning paiotiativhgo ths AUAC OFT € SRRk AP PAVER bas been
iy di ' + and29 WO 2004/ 059869

BB ERE TR Jid BBl e e oot only i1

t he $ailIMAEGaget can be supported. 12. The net hod of

cl ai m;1 wher ej ai d .net wor.k 0YS '

dupl 8¢ t’ﬁﬁﬁ)‘%cﬁﬂpq‘ﬂglﬁ‘ro? ) TRShees %oﬁﬁkﬂﬁrgﬂﬁ?@e?%gg sed

oh®f perdiathtificagiod dtan thaphydicsilager n a wirel ess

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, 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; 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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comuni cation network which elimnates a need to

determ ne power requirenents for each transport
woanmmsIssonbi nati on (TFC) in each tine slot, SBCWUS2003/040702

network including at |east a physical |layer and a

medi um access control (MAC) |ayer, conprising: said

physi I _ . o . . p

C1 ot eang B Hotor il e o AR H o Fhapoels
(G6YrGliy) heveallbmsedemnies in thae tiew, slotodett veachvaithhe power;

time_slot nunbey: and i C layer: selecting.a TFC .
f r ook 4Pt Hiap e Sheb it Qi as BTl FeReRcd ulfkifubigower:
2@ a power notification fromthe physical |ayer. 14

The method of claim 13 wherein said MAC |ayer is a

VAC- geding Syrdimitérmmprndidaeor dyansppet forrsat oxphipation (Flg) set
| I J

SRR SRR 8L B8y LD boundary

determ ne power requirenments, said network including

o e, B Rh R b 3P e A S5 SEB ne

_ c6Rippisksi ng: means for nonitoring transmt power in a
time slot; and neans for sending a notification to the
MAC bmppas forrdatecting thatthbomerximhmsr gewnitmowendgs occurred for a

together with the ti sl ot _nunber; said MAC | ayer
gé‘éerquplr“i‘%‘u ‘r’ﬁ;‘?ft C—"?Be%"fgebazﬁlﬁ%@é‘@g PCT/ US2003/ 040702
meangndadk régiofkive b Bgid\detabing@tlethsdorinsiihgsaid candidate TFC
transm ssion channels (CCTrCHs) have all ocated codes

Sth the tine slot that reach maxi num power; neans for
mar ki ng such CCTrCHs as havi ng reached maxi mum power ;

and nmeans for |limting a candidate or transport fornat
conbilat i ‘The @PPayatwetof clajmal@ivwherain firCmpansifor deteeling the
i ernoft croraxgescrlrlitltvetfjraﬁeﬁeé Hgteeg'r\r/l?rlles(tiyt )mgigynrh%rt}(ansmit power has

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
minimum TFC set;

means for comparing the predicted transmit power in all time slots of the
CCTrCH; and
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16. The apparatus of claim15 wherein the neans for
limting further conprises: nmeans for detecting that
woheodroasdeaum transnmit power has occurred for aPC@iU$203/040702
nunber of consecutive franes; and neans responsive to
said detecting neans for limting said candi date TFC
oot - pbdns KIS ARPARALME Al Fhe LA MRCLAIHIAROIFBARE when
for ‘détecting e number of consecutive franes
petel @edtesntitpdwemniali time shisofithe COARCHhiadess thaw a neckimum
for three (3) consecutive franQ§ 8. The apparatus of
adpuedrirenspibPeyer & wavkauRRert . MAC dedi cat ed
channel (MAC-d) type. 19. The apparatus of claim 15
wherein said network enploys a tinme division duplex |
( TDB1.t e P apraraiars of elatm 20 sdiereindhe oENPaHBE BISPAP eATRTISeS:
of claim further. copprising:. saj C.l
compPrEth or n%%f%osm%%g %Er)eegs}é]?ﬂgﬁlél gag%pe vve% it eg%‘g%l 613}1 The of
conbebutirasies o ofleetd tricthdethetfil THEX$etfin dinecarekpateSIR(Eset.
to every frame of operation of a CCIrCH at the
m ni mum TFC set; neans for conparing the predicted
tranggn t ' | ' i {Hefudehl irRNeHes the
B B S e e e .
fulh AR isal it Hbe foahHidAFC T8 sethrespensiaadiodmie cPmpagigg means

e redi gted transm t wer in '
R A R D S
pBWeRfd#TBleL@Y ciRBEti{d thmedl. The apparatus of claim
20 wherein the conparing neans conprises: neans for
perform ng the conparing step for a given nunber of
consgeut ifug, f ' B Wb eht Ned lforl Bledicti
et fh 1 nof SRAESE ORARR, 19 JRELHERRL MRelds fort predicting
tedrsinit pdyemiresahrtimeahs chbmpriseel udi ng i ncl udes the
o e A cpptding SIS s By AsSRRBRPINER aliBssignea

codes are being used in that time slot even if they are from different 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 further comprising:

means for selecting a TFC from the candidate TFC 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

no other TFC has a lower bit rate than the chosen TFC.
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detecting that the predicted transmt power is |ess
than the maxi nrum all owed power for three (3)
woans@sutch ve franmes. 23. The apparatus of cl ai RCTAS2003/040702
wherein the means for predicting transmt power in
each time slot conprises: nmeans for considering a

wor sfg ca e}&%&%ﬂu@ 8?¥laﬁﬁsil5 R ef Wl BédnsFoSp R aHNg further

codes ‘are used In that tinme slot even 1f they
canprifesom di f ferent CCTrCHs. 24. The apparatus of

claim?23 wherein.a bet r_used_f.or e |
i GBS RaPALBE G Mot EETPet ShOROCaTILTERE joh ol be
sipiordaC set being used. 25. The apparatus of claim 15

further conprising: nmeans for selecting a TFC fromthe
candi date TFC set enploying the criteria that: no

ot h TF I td. ansSpl.SSi: i iQF 1ihY adat@el
oL et A GPTBLTILRR s GIBmBLAL ) e
cethmmi@tibat andtwork t Wwhidhe xdlithimates grnend ttp dletarmihe, power

and no other T has | ower bit rate n the chaosen . .
remzemer s OB TR O TR RO bon oA (AR SED said
?Rﬂﬂﬁﬂb pingel aim 15 wherein the nmeans for providing
PFUrt erﬂﬁgo§%?ises: means for providing the full TFC

set atnllegst 4 physicdllhyertad & meditm aseesssappor (U4 C) Jayer;
Appar at,us _f.or,schedul i ata transmssion in a

wi r ef g@y% aﬁ%%ﬁnﬂgﬂgﬁgtv\ork which elimnates a

nee dmle@n €l &frah A ie-iRe Wemsmiepew ereimentime sot; @adh

transport format conbjpation (JFQ .1, each tine.sl ot
sai dMeABs mraegga}sp% Pe?lﬁ&?tl% to %ﬁ%’*&%ﬂ%&@mmﬁm power
b3R el FRALLE BEeaRs vaANHOlnMBdayer:  sai d
physical Tayer “conprising: means for nonitoring
t r ansailtMpAGWeyer ¢onaprising: sl ot ; and
means for providing one of a full TFC set and minimum TFC set based on

a power notification from the physical layer.

98. 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 minimum TFC set:

predicting, after every frame of operation of a coded composite
transport channel (CCTrCh), a power needed by a full TFC 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.
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means for sending a notification to the MAC | ayer that

maxi mum power has been reached, together with the
woioE/898ed nunber; said MAC | ayer conprising: Reams2§06/040702

providing one of a full TFC set and m ni nrum TFC set

based on a power notification fromthe physical

| ayerg 28 THAi&hDQdr @M 93%&%1 8ai0BMA O RGSE8 MAC-dedicated
control (MAC) Tayer in a wreless systemfor

denaehiMAfed)goper needs for a full transport format

conmbi nation (TFC) set; conprising: said MAC. setting a

m ni mum TFC set: predicting, after every franme of

oper &0l onThk ndethod oflcl e P8 siHegeintthanspantunCTiBO el is employed

(CCT a power needed by a full TFC set for
OCAEHLAG i he2 o PTHA AR RO T BO 79 bPP PG e mum

| S&’f’éggg a£?10§\;]e¥t S&H t}‘i‘ﬂ?ﬁﬁ Fkﬁlsemt%g ghedstransmt power

e maxl mum al | owed user equi prent (UE)
transmt power for three (3) consecutive franes. -33

4/ 059869 PCT/ 20 3/ 0407 2 29, T
1 at ilog AhBEE SAPIIAG fayEricrs SRty Slradte§ transport
Rhann @J)mBM%}O‘iD (TEYDEvitl haxthezdrehbatigfut of Aighe2Griority data,
wherein the mnimum TFC set is enployed by said MAC

Wlﬁagd predicted transmt power is not |ess than

sai d '31”%1 y@ gr said three (3)

conse ive n%l g %&@E%?rew?ggg ‘enpl oyed in a

Wi r elbs)ss $yistach flata peloeity rgnaevihg Ai8Gomthick gloraet maximize
onbi.nat i FC h max| m zes throughput of higher

é\’?%li‘ff‘?‘)gﬁ}f‘ét %%#ﬁli‘argﬁqﬂﬂ Y:a) creating a candidate

set Qf TFGIAidY toftBE c8AGHatiAded afTFOhadodk &160 Yediird fdding if

whi ch do not maxim ze throughput of that given data

Prerois ngt at Jeast wnagli© in e @&ﬁ@ﬁd@‘aﬁt shafeuses al#@%rwaﬁrt blocks
&%95 not require padding if

32. A method for use by a medium access control-common channel
(MAC-c) of a radio network controller (RNC) to select a transport format
combination (TFC), comprising:

creating a set of candidates from which a TFC may be selected whereby
each TFC in the candidate set:

belongs to the TFC set (TFCS);

is compatible with a given transit time interval (TTI) whereby the

- transport format (TF) of a transport channel (TrCH) cannot change in the middle
of the TTI of the TrCH; and is compatible with a configuration of a radio link
control (RLC).

33.  The method of claim 32 further comprising:

selecting a TFC from the candidate set which meets a first criteria of:
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there is not at |east one TFC in the candi date that

uses all transport blocks (TBs). 32. A nethod for use
woypoe/oesdh um access control -common channel ( MACTAR2@8/040702
a radio network controller (RNC) to select a transport
format conbination (TFC), conprising: creating a set

of ¢ i . i . . .
cach REEG (G e Bkt B B A oo n
theeaixlidatessatonpati ble with a given transit tine

interval (TTl) whereby the transport format (TF) of a
transport channel (TrCH) cannot change in the mddle

of the TTILemdthed &f &him 3Rdvhdérein Mitatinl o2\t thode candidates
configuration of a radio link control (RLC). 33. The
meetiradd BFstardPR3PMBIAYIAST conpri sing: sel ecting a TFC

O a5 5, Bl MBS £ S A o o

chh@ideays whichel bwsitgdeshisgioh of imoye datesatidwextdower priority logic
andi dates in the candidate set. 34. The nethod of
PRPAY 32 wherein, when two (2) or nore candi dates

neet said first criteria, conprising: providing a

second criteria for selecting a TFC fromsaid two or .

mor e 35can@hdanethodiifcdaint Bdvishereim saidssecond grritpripds utilized

dat a. at next .19 - DEL QL | ogic channel. 35. The

TFEERET 1)6 orcﬁeg}aﬁnlgﬁe%@;tgﬁ%%%i d second criteriais

utilized recursively for remaining priority |evels.

36. The hod of cJaim 34 er.ei n en two o re .

TRCs Mot Thamethd Gtsteine it FBRTein, CBAbRTSPHIo S PBR aresgsaid
i ' =" . choosing fromsaid two or nore

%&%ﬁ ?rgfg?l{éﬁg%ggﬁsg@gecond criteria a TFC which has a

| owerprbvidinga thirdenteriadonetnosingitym saddviong mgp dF Cs meeting

ssa? %ggon [ icrtiFerr{aaa TFC which has a lower bit rate than the other TFCs

meeting said second criteria.

37. The method of claim 33 wherein, when two (2) or more TFCs in the
candidate set meet said third criteria, comprising:

selecting one of said two or more candidates at random.

38. The method of claim 36 wherein a TFC is selected which respects a
first-in first out for received data of medium access control- dedicated (MAC-d)

channels.

39. The method of claim 32 wherein, when the RNC employs a medium
access control-common channel (MAC-c) procedure, said RNC buffers data
received from a MAC-dedicated channel (MAC-d).

40. The method of claim 39 wherein one queue is provided for each UE.

-35-



37. The nmethod of claim 33 wherein, when two (2) or
nmore TFCs in the candidate set neet said third
wonbtmsysa9 conpri si ng: sel ecting one of said tROT@S2003/040702
nmore candi dates at random 38. The nethod of claim 36
wherein a TFC is sel ected which respects a first-in
first out for received data of nedi um access control -
dedi cated (MAC-d) channels. 39. The method of claim
32 whier eiThe tabigidd ol elaRNG Jewipéreirs e queliclimpravided for all UEs.
control -comon channel (MAC-c) procedure, said RNC
buffers data received froma MAC dedi cated channe
(MAGH) : 118 (R6@dd b each
s iy day peld B H3 @0 Shalh SBeNISE B ”
pREHALS2003/ 040702 41. The net hod of cIa|n139 wher ei n
one queue is provided for all UEs. 42. The nethod of
cl ai m 39 wherein one queue is provided for each
priofg.ty.A $hckihdhtkéd Gormeidbd o dleditar digess dodialepmmon
access control -common channel (MAC-c), conprising:
cleaytned (Midgcld serapBpingny f orward access channel s ( FACHS)
ﬁapp&geg&l ggadglq a?lgrm%é a &SRS nUc i AGAL) ¥a9Bed on a
data Trom a gl cal thannel I's sent on a transpor
catedreogipowité bhanteﬂ andi thatt iwleeni dute froad a (ogi¢al Cbanaelgs sentona
| engt

ta f d L |
cxpafbebhg S eI el SAerR T EL AR R T B K ko
sﬁﬂrl%bém:hgﬁna% Ar&ienedl fremPelhng serd dn othdrtdr@pottthannels for
sen data over a common control channel (CCCH),

acimp’ﬂospﬁwld@m leggdut-d data having a transit tine
interval (TTlI) of a given length t over said CCCH,

and bl ocking a next transm ssion over said CCCH for a
dur at4.on feisshod forsbeding daty dver achrtrhen ¢aroldhannel (CCCH),
transmtted over the CCCH 45. A nethod for use in
CYBRESHE buf fered data received froma nedium access

cont £ 0| 4i0e dhia -84 habaiyetrahMbGhHS i1aefRI (PTDGS a given length t
over said CCCH; and
blocking a next transmission over said CCCH for a duration equal to the

length t of the last data transmitted over the CCCH.

45. A method for use in sending buffered data received from a medium
access control dedicated channel (MAC-d) comprising:

blocking data of a given priority from a user equipment (UE) for a given
period t when data of said given priority from said UE is sent on a transport

channel having a transit time interval (TTI) equal to said given period t.

46. A method for scheduling data for a medium access control for

handling common channels (MAC-c), comprising:
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bl ocki ng data of a given priority froma user

equi pnent (UE) for a given period t when data of said
waizvansgrepority fromsaid UE is sent on a tranBpoms2003/040702

channel having a transit tine interval (TTlI) equal to

said given period t. 46. A nethod for scheduling data

o A e

dedJmmdaﬂ:aomﬁld gheokprigriaframosaid GEvisrseptiopr & ttyansport

from ment_( UE eri.od when
agll pﬁﬁmﬁrl?%ﬁ %1);&@ o‘% gé‘%/ Eﬁ |e§1°§ ent on a

transport channel with a tranS|t time interval (TTI)

of said given period. 47. A nethod f r Si z% Tg tfl ]

of Sekivi o mathod oy eize ceisehyn pisericp o GIdd for & siven

fg)g%gpl)@haﬁ?e\{'l{bgnﬁé] aASS0GhAkE %Mﬁ&%{c@e&%ﬁ%&e? (PAOED priority,

priority,- conprising: selecting an SDU size as
eorhprigihgon of buffer occupancy (BO val ue and a

nunber l.abl e are its for.the assoc

Fach ey SR wap Sp ey g Seb P AR pf Volue and a
FERBES (Ngomagmre@mmﬁd laB&bciatad FAIOH Sireity s

sel ected that favors mnimzing a nunber of credits

for asucb.theh 1@853&/%BqﬁNnthelquﬁgfeﬁwm&@mm@veéb%%ﬂ Hye,
{
For <51 S8 Sy LEhALe L oy Bt olfpo T s v

gadh BO lovak ndnithizilg pRAdihg dhereby andlbgendrercredits available for
é}éansm ssion in a next transit time interval (TTI)

BT P¥-ng: identifying a service data unit/protocol
data unit (SDU PDU) size and a nunber of SDUs/PDUs
"buffered in the RLC. 49. The method of claim 48 . .
furt hdf cdametiadifgr sgdedingiienyica detagenitt G0 buigreding radio
.0 1 dent.i uf f-ere
s CREPRL R D e B R B G (B BT g SR TR dntorval
(RTidicogpHABlag: ndi cator to identify PDUs that can be

p?g\cj ?ﬁpﬂ’@? 6?|$ ;hs%rvm Hgtda gfn’c/%lr(?tlo[:%lélc?atfa l{lrntltthﬁ% 5 giizg %nd a

number of SDUs/PDUs buffered in the RLC.

49. The method of claim 48 further comprising:
providing a segmentation indicator to identify buffered SDUs that can be

segmented.

50. The method of claim 48 further comprising:
providing a padding PDU indicator to identify PDUs that can be padded.

51. The method of claim 48 further comprising providing only

consecutive SDUs/PDUs that are of a same size and share a common user

equipment identification (UE Id) type.
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consecutive SDUs/PDUs that are of a sane size and

share a common user .equipnent identification (UE |d)
wOeE/0359887 WO 2004/ 059869 PCT/ US2003/ 040702  5PCT/TiIS2003/040702

nmet hod of claim48 wherein the identifying step

further conprises: providing the UE ID type of the

| dergd i o6l SOUBLEDU. 1553 4T enoiBi 06 Ger@iBiep Stop further

further conprising: transmtting PDUs to a medl um
canpdsss: control (MAC) intended for a common TTI that

e AV HEEBL8° DRl 6194 Ay NOROROTRAI T o namber

of one of service data units (SDUs) and protocol data
units (PDUs) buffered in a radio link control (RLC)
and &ai |Hid methnd afickHznd? Birdler ompriiBKt transit time

i nt erval Tl risl ek i f;
sai cmithbg PREATRY kB Aoflts tBAEEN QHARYIRRCRE or o
chnRhNDTI € laoy atl thy sameesilieum access control (MAC) for

service data units (SDUs) and protocol data units
(PDUs) buffered in a radio link control (RLC) and

avai kabl e f Qi JRRMPISFIODy B theAdih hé@BSI dontiolB(MAC) for
interval (TTl), conprising: in a transg%rlent node, )
redridtiva@ nwpke dfpha gf suicedaga vpits (Palsrand peabpeol dgip units

OB TFURBE AT PR S
ek BRSRES$iee indeerm] (TOD] t@npdsinkor segnent ati on. 57.

The method of claim51 furth conprising: said RLC
r epott awnad@w%ﬁdgﬁﬂ%eﬁe,@@lﬁ%@c utive SDUs/PDUs in

the orderg,dfFReMAY sizfon a per TTI basis.

55. A method employed by a medium access control (MAC) for service
data units (SDUs) and protocol data units (PDUs) buffered in a radio link control
(RLC) and available for transmission in a next transit time interval (TTI),
comprising:

~in a transparent mode, said MAC:

specifying PDU size on a per TTI basis.

56. The method of claim 55 further comprising:
said RLC reporting only one (1) SDU is available for transmission when

configured for segmentation.

57. The method of claim 51 further comprising:
said RLC:
reporting a giv'én number of consecutive SDUs/PDUs in the order

received..
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WD 2004/ 059869 PCT/ US2003/ 040702 58. A net hod

enpl oyed by a radio link control (RLC) for determ ning
weoaddioaggegonpat i bility, conprising: determ ni ngC&US2003/040702

nunber of protocol data units (PDUs) for a | ogical

channel mapped to a transport channel such that, for

a | oggcal ! | B9a rS8QMRNE &drtedl (REA)) G @dt8rdini
V\/nerg?' n éqggt!?l\gﬁgg%&gféé& %?t Si ze/transpcgrt gl ock sirz:enmg
paSDuhgsionepakdikiy; epmpaisthg: set ti ng a nunber of protocol

dat it PDUs) = i f i in 9 :
milt ﬁ gg&%psnalfngl %%Igﬁ?ﬂ?ég{gpocélg%%n iulsnlrll ﬁqgg’ﬁs%st) tfr?rn% logq%l channel
AP t0fa RRSpbR Zeimnehaithntha, foi aalogictlegernnebCallowing

The et hod of claim58 wherein the nunber of PDUs for
sgg@ientation, calsylode 0 whetithel is deterni ned by sunming a

number_ of . FRAR 15 %i@ﬁ%{zglﬁﬁgﬂ)&@%aqcﬁ%wlﬂ@ﬂ@% kQe); and

said given transport c od of claim
58 whettiigna hhmber 6f protodod datoupits SRI3Us) s @l i€otik ag iateger.
transport format conbination (TFC) which is supported
by paddi ng PDUs when a nunber of PDUs for a given

trangpor t TREMUIBRbA bBclaim 58Fatthefddtabrikmga nunber of
TBs in a given transport format. 62. A nethod enpl oyed

by a selifisothei nrimberniidPUs ke eyrofvphend i£nef 31 Hyesaddi ng
conpatibility, conprising: determ ning a nunber of

" protocol data units (PDUs) for a |ogical channel
mapp&0. t 0The micths@ of tlathaFthehesdin thé hambelr of PDUs fircagiven

channel .in . C tation,i t ] d, i f .
e ol s PSRN bR BRuRE DL Ay
Ai&'aaal& &Eﬁbe@t@%m%ﬁl&p&hﬂ@ﬁt gy, of PDUs which is

equal to a total "nunber of SDUs in the | ogical
channel available for transm ssion. 63. The net hod of

cl ai m,62 erei he -n r ' .
Chon 02 M08 Dad DECUID Al PR RPCRLER S8y
2004/50R88H9 aPrhhkisnd A4 ddRbinadion THE' (yerlniod isfsuppeitad by
62 wherein the nunber of for.a given transport
raeime P Dils whetp ﬁauﬁﬁqyrwﬁgﬁ#ﬁ%@ EiveRERTDOBY B fipt loast

éaq‘:tlﬁli‘ td 8%uGHer of TBs in a given transport format.

62. A method employed by a radio link control (RLC) for determining
padding compatibility, comprising:

determining a number of protocol data units (PDUs) for a logical channel
mapped to a transport channel such that, for a logical channel in which
segmentation is not permitted and if a service data unit (SDU) size is equal to
transport block (TB) size, selecting a number of PDUs which is equal to a total

number of SDUs in the logical channel available for transmission.

63. The method of claim 62 wherein the number of PDUs is set to zero
when the SDU size is not equal to the TB size.
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channel mapped to said given transport channel. 65.

The nethod of claim60 wherein the RLC further
woan@risssss: sel ecting a transport fornmat conmbPQattiSe3/040702

(TFC) which is supported by padding PDUs when a

nunber of PDUs for a given transport channel is at

| easdy egg,l%l lﬁgﬁlo@hWﬁ{ 69w hkBSin! ﬂi‘le%@ily@rnoftpﬁ@%ﬁ@f E\ given

for mat. use by a radio Iink control
tx(aBb@rt thanted] és deﬂeﬁnmeddgcbummnng)a ddinigr pf BD&Edbr gadhdogical

uni t ). ris termining if transport
chagy fna@% tﬂﬁ?’i gen {Trﬁ%éyor%ﬁﬁ “ﬁ‘*ﬂc candi date set
requi re padding; and selecting a TFC with a m ni num

data rate and filling in unfilled PDUs in _ the TFC
;Ni t Lﬁ5p ad @hregmpihiogl of @%mmﬁ%bhman the RiSelugiher qogprises:
in ont ro I WN e:
transy por %rt %?%s%é%tng’%lrﬁ%‘? cgﬁlﬁo{%@l set f og?ctz}\.1 1gsl %/uepr? orted by
phddiap IHDUsiﬁzhanlaaMﬁhber af @S ﬁerggiV&etIan:lspmg chagheliFal least
candl dat e uch 52 n% ot her q'_r as hi gher
egwgldp iagurgherot SWoa VRGBT asBoL] o t ransm ssi on of

nore data froma lower priority channel; and c) no
other TFC has a bit rate lower than the sel ected TFC
68. Ghe néemecbmbforcﬂsabmaa'admlécqntmléﬁbco 59 determimma need

fo(r I)ad%EnGg Ir)reorgocoi celata 1&1(1)1%5 (EPIH@)é)t, cgﬁlbﬁrsintgy data level. -40

determining if transport format combinations (TFCs) in a TFC candidate
set require padding; and
selecting a TFC with a minimum data rate and filling in unfilled PDUs in

the TFC with padding PDUs.

f

67. A method for use by a radio link control (RLC) for selecting a
candidate transport format combination (TFC) set for a given priority data level,
comprising:

selecting each TFC candidate such that:

a) no other TFC has higher priority data;
b) no other TFC allows transmission of more data from a lower

priority channel; and
c) no other TFC has a bit rate lower than the selected TFC.

68. The method of claim 67 wherein steps (a) through (c) are repeated

for a next priority data level.
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