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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 Iayey 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 cari carry morethan one
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RB. The RLC nmintains a buffer for each RB; each
buffer contains a set of RLC service data units
(SDUs). Some RLC configurations (but not all) allow

the segnentation of SDUs into protocol data units
f SDUs to build
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- [0014] Both UE and Serving-RNC (S-RNC) sides of a universal mobile

telecommunication service (UMTS) - time divisjon 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 2 T'TT; 8) regpect 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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-2 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
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successive frames may be greater than or lesser than three (8) without departing
from the spirit and scope of the invention. For example, the number of succeséive
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-cis responsible for
. common channels and MAC-d is responsible for dedicated channels. On the UR
side, there is a single TFC defined for the common channel, and thus TFC
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common channels and MAC-d is responsi ble for dedicated

channels. On the UE side, there is a single TFC

defined for the common channel, and thus TFC 3

sel ection does not apply in UE MAC-c. On the RNC side,
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that 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) |
10025] 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:




channels in that transport channel. This determ nation
must consider the TB size and if segnentation is

all owed or not in each |ogical channel, and conprises
the followng steps: -4 a. If segnentation is allowed

in the |ogical _channel, then _calculate n: where n =
SDUsi ze/ BB si 2E segpentationyis pllawed iz, the,degieall channsds then
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t ghere he= B0lbér/BBsieBUs for that |ogical channel is
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terms of paegialdordtds if the nunber of PDUs for that
transport channel is greater than or equal to the

nunber of TBsye. JF. 0 T, i deg,,of L Ni.num
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data to be sént. Tﬁ%esnfy‘l?‘ﬁ w&wﬁ%%@%%ﬁéﬁwsﬂ&w&m
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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 tz;'ansport 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 PDUSs 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




5 "mnimum si ze conpati ble TF' for one transport
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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: Bach time a CCTrCH reaches maximum transmit
| power for three (8) consecutive frames, the MAC will limit the candidate TFC set
~ to the minimum TFC set in the next common TTI boundary (common TTI {o all
transport channels in the CCTrCH).
- {0034} After-the MAC "steps down", it will consider the recovery criteria to
"step up". ' :




40034] After-the MAC "steps down=", it.will consider

the recovery criteria to "step up" -6 [0035] For

st eppi ng up, after every frane of operation of a
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d‘i%%ﬁghﬁﬁ’f’?ﬁr nge%ﬁddbspamwe n cadotinaslot he TDD
[Oggﬂt eren I(.i}lgf %Ih?{(;)r eac [ stwcgeé%%q&é S}:‘{FE&D be
S‘mpﬁﬁsdﬂt 1ma§ﬁam ¢o sheck M/tlﬁé\TFC tha¥ réedifé@d makifitint@Snsmit
R o
thp HIBDCSstdray ehe MFC thid rétﬁmés' epe snfif g&s‘%err@%sv be

L%ovver needed by each ti nesl ot VVI| .
eqeﬁb qyeagh timedlelclien each timaslat lqwmsomsted Wlthha:lt a B Cotthat

rolpifesBladiatin RAEHRIC pRE L IR Takinnyon S TRORRY i R the

MA6tta knbwchepraceduts fibat Bythedst 1da@l:gre&'%6 il bys tlmeslots and
i fferent nunb f codes use Pr oposed
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ass gtha he assigned codes re 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).




beta factor of the associated CCIrCH). -7 [00401 The
above techni que provides a | ow cost solution that

avoids the need for the MAC to determ ne which TFC
requires the nost power in each tineslot. [0041] As

[Obg he pgaddi ng of the PDUs, as stated above, the
ir en&ﬂ’le ghgie tpchainumypmmidesra buts coss sokutiol tletetioids the
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&fl  froph sthen ceadidede HEFCe e} . whenotther RLG Cloaigaration
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| I ‘ hat,.do not rg
"’e"i"&:ﬁf‘eﬂr&é&g "“%ﬁ;"t‘% tob o BGrmpyifthey mpRaliEs Yha sedure
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ecedsd gt h T T t hat sat.is .
e e P eehd e RL TS (oo (ot gf data
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possi bl e, at
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ow ng criteria (and in the order in which they

e fol
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.belowq eThus, all TFCs 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 QI:her TFC has a lower bit rate than the chosen TFC.
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next lower priority channels, and c) no other TFC has
a lower bit rate, than the chosen. TFC. 8 [0044]

BRI EF DESCRI PTI ON OF THE DRAW NG S) [0045] Figures |la
through I d conprise a flow chart for MAG-c TFC

sel ection algorithminpl ementation; [0046] Figure 1
[66é4s t he nanBBnIEFrDEﬂGREP‘PI(@N r@8 'IHE DRAWENGIE) ar e

BB et Mot Bghe R ofef Rabbiieh = . ghiicior FAc-c Tro

sﬁwcﬁehiaggbrﬂhgpfm@amemm&{rent ation; and [0048] Figure
préows the manner in _which Figures_ 2A through 2D are

nged Figurednihones thegneerer in whishddpuresylidhzoygh 3D are
C-d SDU si ze sel ection
proce 3‘?20‘1“?816@’3 P LD DeSc P O OF THE
[MERRE[FEMB@DB&EBHI(oﬁgh 2D0&Hprise bhBowesotifor i MACA TFC
.exe 0 ts to.follow, each |ogical
FF f@ﬁﬁ%’dﬂi’nﬂ@g é‘Hl’I@E‘é ( MAC Logi cal Channel
[GtMS}r I t Y)Fighbé 2 sMeRrsot%%ﬁ@;ﬁ@ﬁntda&cﬁmgﬁfésvmfthmﬁgh 2D are

| ogi cal channel. The rul es described in the | ow ng

aﬁ%ﬂéﬁ@rﬂ@%ﬂ%‘ﬁﬁh@# M.Ps: [0052] Thus, the f| r st
?G&?f?” ant gﬂiven% is a%@&chﬁ?&ffo@l P! @'B/IAT(Zeﬁ ﬁ% selection
0gi ca

ogr cal priorit rres serve
pn:dmdums of hi ghest priority fi rst) as opposed to
per transport channel. .[0053] One sol uti on when
perform ng TFC selection is to determ ne how nuch

[6UH02 ODETAINED DRSCRYPERASK OF-CHEAPRE ERBE(EEMBOT!EMENT(S)
wWith the hl%’]GSt priori-ty), and then select one based

(51 he r dgul ariptipnwfithe zkenyplarg embodimgniruto ffllow, each

1 SRR i B RlatpMEE TG LoBicpf RS By, The

MIGP detedminssopegatorityr of the 1dgicd] dRahhdly THiera8PdbdcriVed in the
hest priority data that each TFC can.carry, and

fi & PrrAsxapk ar based auMLss i de | ower throughput

[0‘659{” t he mapdiglakesSitiportdht it Bthat tRS QiddMthtd Rerdtd§ per

nex
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 deterﬁine how
much data of each priority each THC 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.

100551 However, there is still need to satisfy the "candidate set"
requirement listed supra on padding PDUs. When eliminating TFCs from the set

9.




hi ghest priority data), only the new set is

consi dered. [0055] However, there is still. need. to
satisfy the 'candidate . set” requirenment |isted
supra on paddi ng PDUs. Wen elimnating TFCs fromthe

S?t efore conpleting the whole procedure, the
hefqrs CO%% ¢he arhale proeegurre, cthepfiolali 'ﬂi'g'opﬁusctea nday i8quire

Qi IAHOS SUH eWH%lg erl}?cﬁ: %‘%’g&ﬁld{m{) %Tatggqg rggg%gggn{;lg)%t the

gi vern TFC,” un
given; BRGduttiha ’BEC tioatsdoed no¥ Féy T%ﬂalﬁf; J‘f‘ ?(gi}]ﬂdp(;a%g dg Egsuch

T%%‘rlg’%?s lgj‘gﬁ‘{J@FﬁfF&fe)c Ygg‘gg% ed#g DSFEC that does not
< et B AH

ddlscussed bef ore cértaln can
TRt TIeg e Padding reasns aththeabadidsieadetd As' drogisdatiRfore,
Thus,

cei%hn Rt € g@lﬂtm g.v%lcétegb jﬁ‘t i c]ﬁﬁggqiz; @ abpye stated

it after renovi ng

"cahdislaigh gatt réquirerh&et mdicﬂfﬂe%aﬁgﬁedt he cand| date set
TFC that is "filled up”

t ta t | t
oBgAE " ghopt s Lesst onel IEE tnat s tiilied ur
thirb@gdh SRtk but
T@%ﬁ rﬁi‘z@ g&tnllw?g%fghput g g%gd ac%? olej’f]ﬁ %giwgﬁag}egst one
e e bttt 9
. @“*‘?E%d It o e R i erowgbeubie sddmiback to

th@ reantiivate ek i(Abteethdthihe PARIEH %&uﬂ% mlohE ;b %S p than the
is chosen. If horé than one

ri dat a
thﬁ’d’@@‘ %%e‘%"éﬁ‘ﬂ:}l?’ét )pdtitherg smasnameTE@mhat mddgimdeﬂqn the

e JE t
T A L

is ehnsenn If mors thah engHEEC dhbledoe’srmitlr@QuIr@ GPaRIEhYs Y same

- | t | 0058] _The f ol

thouehBid Hd ‘thel Fiehedt sricatiy odate: tbRe DRCAFC TRt mazimizes

thuoakh o | tagte |k
N L T

Mﬁlc'ér% ¥iffer ﬁbprﬂoeltzb&wlsdered as limting the
enti The foll edlnth
10058 1 ¢ Ao Lol GRRRL ! B efBinpfe i o eamertp on aishe AEAC-

al gorithmbe
TFQ rsehactlmy pravedusank aﬁuﬁﬂb&ﬁ&@d thhi fheoﬁv@%igbﬁ i®brokidSr than
n.

thlscandl at e IEC set i s.referred to as
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 THFC_Can.

Only logical channels that have buffer occupancy greater than zefo
shall be considered for the TFC selection.
[0060] The algorithm should run only if the TFC set has valid TFCs (TFCs

with data rate gi'eater than zero).
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Only 1 ogical channels that have buffer occupancy

greater than zero shall be considered for the TFC

sel ection. [0060] The algorithm should run only if the

TFC set has valid TFCs (TFCs w th data rate greater

t han zero -10 [0061] The follow ng al gorithm (shown

WQﬁllli gur eI’ followpreg dlgorithn (showiG RigurtRTisymirfoetred fior MAC-d
déﬂéc t,er performng steps Sl through S3 to obtain

can €'sets (step Si being perforned only by UEs),

[e0e2]r o ut i Memeiﬁﬂ'ﬁﬂﬁg 8fepk SiLltRY¥GigH mtaﬁﬁcaﬁ&'dh@e@ fstep

if there is at l'east one TFC wt

Sﬁé’&éﬁg Bﬂé"l‘ﬂ?d %SubWaIBE@, the yowinpRgoceds ge Sollvetat e e

[0083) . a. 84 VeS8, 99 t0 step S6. b. If no, S5b, go
to step S25 aﬁﬁhTF%gf?Hed sel ect one). S6: Select

the firstSST FCleetﬂh iAthdreaist aiolﬁsﬂ' BnaVEF(C atitle dtriedkt one TB
TFC Can ate,,TE f therelsa
| ogi cal %ﬁgﬂﬁiéf e the ']g?ée{;%’ﬂ Hg[lt%‘ ) the

| ogi cal channg| haﬁ"y@yasgaa Bb&o Jg@f};ss # 0 be sent t he
| ogi cal chanpel is not ockeg or this TFC, and the

transport chahnel ¥ma S5b,£qm@ﬂd325)(alh'BFCB Gidfiedalselect one).
channel S a

and sel e?f% thg P"gg{% a'1-l[ Fgﬁn‘gftfh #eféatsﬁ g']f]g ag'ﬁ;lggle from
t HEQ_Gan (sandldat@gI‘E(alse@hannel sel ect one randomy.

Then go 9. 1 If no, S7b, go to step S16 (no
nor e dat Wi ﬁﬁ%‘i‘?ﬁlgﬁh%ry s P)los‘lsalcpha@nekwthfprm%m suchthat:
restrict g I@Cfﬂ%aihélegaé Odvaﬁféﬁlé@[ﬁg 7 be d?& e logical

channel . a. yes, ,
the TB sfhannelisng bladkadﬁmhhﬁs TE@thheﬂ;r&ﬁ@oSﬁﬂﬁlﬁielmat

as the PBL.}n&bﬁeed to thlv%ﬁ)gmeﬁ cﬁannel 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, 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, Sila:
1, Go to 513 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 TRC
selection (logical channel already served).
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i. If yes, Sila: 1. Go to 813 and select PDUs from
this logical channel to fill up as many avail able TBs
as possible in the transport channel. 2. Update

| ogi cal channel information as follows: a. This

| ogi cal -channel is blocked for this TFC selection

(1 ogi cal chanfiel aGodad@4sepdedd)IB infdrindionCas fadlobkd,
update TB i nformation follows: a TBﬂ ]l:;ised are nP thi
avai | abl e anyrore #or thhs US9EATE Bok @y ptipble anyagore for this
step 514qpai. If no, Skidktohr: G to SS where the

| ogi cal channel is considered blocked for this TFC
(PDUs do not #it tG@tCTF@PSE Then return to step S7.

b. If no, S10b, i. go to S12 and fill up as many TBs

as passible in that transport channel with bits from
this | ogiical bhan&dib,ii. At 514, update TB

inforrrationa f ol TBs use olo .
avai | abl e for t hi é‘?& §él‘€%?’1’eoﬁ1 ?‘?31‘3 T‘ﬁ%@q gg?ccz?i‘m‘iered
channel oo sirigievrbl @piesad gbs birs, TG, sel ection

(1 ogi cal channel already served). i1v. Go to step 515.
At 515 checkZi f dFpen redumBso steptdf.s TFC are fill ed.

. e S go to step S16 (no nore space in this
TFC) % i’f’? #ﬂ‘%bswb return to step S7. At S16,

conpute fhe tgd ab SIH iamdl fillhiye ughpialnyOTBpraOpossibledat dhat
for this TFC, as fol]lows: Let Nuan Bits %l jl)
detWW%@%%WM$WMMW$CMM-

fi. 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.  Goto step S15.

At 515, check if all the TBs in this TFC are filled.

a. If yes, S1ba, go to step S16 (no more space in this
TFC). |

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

At 816, 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 i when 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:
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data that can be transmtted on DCH i when using TFC |
(i.e., TB size tines the nunber of TBs bei ng sent,

i ncluding any RLC and/or MAC header that is

appl i cabl e and/ or padding bits). The nornmalized

t hroughput of DCH i is conputed-as: - - -12 Throwgh ut
10 ms p (p,i Ti, 2, LengtOhgsi , | )
Equation 1 V\hzzz%%g}\hqt%ﬁdfh?&u —]%l)“"‘ %”t’)anffgnét@@gjh of
TF for TrCH i given TFC j. The total opti nal

t hroughput of priorityp data for the CCTrCH is tHymation1
sum of every DCH s normalized throughput of this

T e e e

If yes Sl7a, select the next TFC and go back to step

S7. b. | fThwkotd3loptimd4lathlrods t\w{:ﬁoﬁ Be 6 leRBd fordPelCCTrCH is
step,S18. At 518, anong a TECs in C Can, there i's

at Ifé’ﬁsﬁu% akeverc DCRYs nonn@hned thrapehpeialgbis prierity data.
hi ghest "total optimal throughput" for priorityp,

suchT&}gl Zlﬁrou(gﬁﬁﬂ(}?ff %ﬁrgﬁwgﬁpgwut(p, j)) Equation

2 et e Cs that provide
throughput | ess than the one of TFC k from TFC_Can.

Then go 13 St Phekdf tire 2+ mdrBaHCd fn TG €an S at
| east one TFC in TFC Can that has all the TBs fill ed.

Iaéalst ggé 'Sré%:at hat %e@%é? Q% 'Tc%%;&et ofwl%g%a#ﬁngk to step
that has all 8Bs filled. i. If yes, S20a:
b. If no, S17b, (all TFCs were checked), go to step S18.
At 818, among all TF'Cs in TFC_Can, there is at least one TFC, say
TPFC %, that provides the highest "total optimal throughput" for

priority p, such as:

vé

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

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

At 519, 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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-13 1. Go to S21 and create a set with all those TFCs,
call ed TFC NoPad (TFCs that do not require padding).

2. Anmong all the TFCs in TFC NoPad, select the TFC

that provides highest "total optiml throughput” for

- priorityp data. 3. Add that TFC to TFC_Can (candi date
set). ii. If not, S20bGodtoBRiand crentstapt wth albthdsk TFCs,

yes, S19b, continue to s al r ady one
TEC in TFC Can t hat &BBE‘&QEF(%Z@&EPS @‘S“ dEha) ¢ °A€t1°’f522qwe
check if all TFCs ingphG@idgan have all the TBs filled.

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

done). b. If no, S2
p = p+l. At S24 Che?E Aok AIBGBITH mﬁ"%ﬁl’a&p&mwe

return to step S5 b. 'DFandsﬁéiSZ@bqﬁgesthlﬁmstp Yaal( abptimal

priorities checked, £ct _one, TE At 825,
check if there is at e keic?ﬁeoﬂvff@ét?}an that

does not require paddi

step 526. q | f ng g %@%@F%ﬁ‘%&aﬂ @at%sett)
sel ect the TFC fr.om TF t es uire
padding. |f 14 tl’l’ere ig[fHB\I']éé [gf'ﬁé" g??abl e

t hat does not am)n those sel ect

the TFC t hat Br ow é’%s’ﬁg% D%# §EapS52{there ig alyeady one
Sel ect the TF@RUATHAEC 4R bhdt Wes %wédiﬁfe PR mum

At S22, check if all TFCs in TFC_Can have all the TBs filled.
a. If yes, 822a, go to step 825 (TFC selection is done).

b. If no, S22h, go to step S23.
|
At 828, update p = p+1.
- At 524 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 TFC in TFC_Can that does not
require padding PDUs.
a. If yes, S25a, go to step 526.
b. If no, S25b go to step S27.

At 826, select the TFC from TFC_Can that does not require
padding. If
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data rate. If there is nore than one TFC avail abl e
wth the same data rate, select one randomy. Fill in
the unfilled PDUs n the TFC wth padding PDUs from
RLC. [0064] On the RNC side, the TFC Selection in the
MAC | ayer is done in both MAGc and MAC-d entities.

MAC-c is | ocatthdreli@. hie tﬂi@ﬁtdr@ TFO aviaKb1é Chat e rﬁﬂi@equu‘e
there is one MAG-¢ per cell; MAC-d is located in th
S RNC and t hemaddme gmonatheses Gplesh dhe (E'C [tbe’esﬂro‘rldes the

order to transfgimdal gatieiapgen S-RNC and G RNC,
forward access channel (FACH) flow control is used.
FI ow cont AdIS25| Belest the 8TNIEom THC FMG) that prevides die thivdmum

mber of di ts) that h
Cond tor At Rt JE Rt 3R piat ehh SPe T Sraipii} e Bt same
I ndi cat Ordata}'ﬁli% 3déet@ns bR 1R iDL bfillel FDEFH the TFC

priority, ag aend the data_to the MAC-c. The MAC-c
buf fers tWtR padding PRUsdramRLG.s transnitted. [0066]

[d0‘64§?f ed' tén thQ 3 6 edﬁ?e RS &8&%&& ﬂf’tﬂemgfwﬁeﬁ%hone in

lately Stops ransm ssion o
b@DlMAq -€ aOd@@ACEﬂ entitled [ MA@d is lucb.tedl md;he Lonsrdlling-RNE (C-

19 B DRP AR weRe ME i oredim Bh RN i there

issple@ACRA f@l qgeh iUhm for RNC MAC-c¢ (Figure 1) and the
size selection algorithmfor comon transport

[Ogﬁéhnel s Ipardesdo feasiondata bebweesd-RiVe amdiC-RING, hrweol access

- ck%?g%f EF@@HZ‘h?ﬁe bfel%gie%ﬁsgt% n'?#]o%{ cogﬁrcll %ﬁgﬁfﬁ@: I\/Qf‘c kE RNC)to
congral dhe astabiee bf SDUsr(cﬂeﬂﬁzs) t]i@r:hr@ﬂil MEKXOAAHS,-Rgﬁlj chereed for an
e.p re lscusse

atheip e g G GR Erotly daiceden)| BERREAH #1865 ROGIDU sin
fod aﬁc@iﬁfoﬁbd %ﬁd shﬂ@@@d dfmeco MACEREG! fl*h%mgfb ﬁ%ﬂfs data,

spec any requirements for TFC selection on
éﬁr trapemitied. UE t 0 decode the data properly, there

SO reqguiregqents that nust be follo
- [O% ui re@nfrggéfe Qﬁﬁm%ﬂ“?ata CORBPERIOR 1y £he Eﬁ%ﬁcg gﬁ%fgeRNC
. mﬁﬁécﬁatem GtepsTren@issiodeof MEC R SIHYOE: Of ckdBsSet uplimited", it
valid TFCs nust be established. This set is referred

indigates thpb the JRNCranay teansmit an unfgifed pumber of MAC-¢ SDUES,
{0067 ] 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 presentéd 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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the candidate set nust: 1. belong to the TFCS; 2.
respect the TTlI conpatibility - the transport format
(TF) of a TrCH cannot change in the nmddle of the TTI
of the TrCH, and 3. be conpatible with the RLC
configuration. [0071] The chosen TFC nust be sel ected

[0070) t he Befork skléctingel TROJortt case of MBIC-c i the sbodf@NdTFCs
der .in which they are |isted bel ow

criiteria.iLn . the or L
must g eg %bé}sh?&c@%ﬁ 35hds referred in anihe [gndisatesete. All TFCs in
thd eifBdatelet ({dky data than the chosen TFC. 2: No

other TFC allows the transm ssion of nore data from

the nextl.] owdbelomgitorthe fFOSyi cal channels. This

criterion is applied recursively for the remaining
priority d.evelrsspedt tHsT Titddsipatib@iiyatha theport Borm4idTT) of a

t t he, chosen, TFC. 4. Mist respect "first in first
TogEbeanioh Ahsasech the il tibe 1ok the TeH; aad r om

MAC-d. [0072] For the MAC-c procedure, the data that

| s received TheuMaGHHld Fith HE RIS todk e, This can
be done by either having one queue perg E, Or one

queue for all the UEs, or one queue for each priority.
[00F1) s pr d‘ﬂxmml dsémEFM_ _semeetbfrp_ﬂfth@rdaﬁ?ida}ze sétaind must

olL.ng sP.Wou ¢ Jt_easier to paintaln fi1rst 1n
S%C%Fﬁé the foflowing griteria m theorder;insvhicarbap arelistedhelaw: he
buffer tq be §§ d,j r MR{at 8 .
order, while Sﬁﬁ%&gﬁéaﬁﬁ%ﬁ%ﬁgﬁéﬁs reg% rgfe%&rgehlgh%t
coor di napriontpidatatharpthieathiosére’TFC], 0073] For bl ocki ng

purposes, MAG.c can schedul e data on any of the FACHs
mapped of- t heNeotker BEpHaws the bransmission ofgaerg date fiom the

| ogi cal Eg‘#n . t at L ARSPOr h | _with -
TTI of | gﬁg’? ,11 glélto r;i@f r10 h‘éﬂsarrzgl o'ig‘]kluc a&%gﬁ%\#ﬁe?p plied
shoul d no¢cupsavelynfor tite rtoieinidg ety levelsannel s, for

the duration of't' as -16 this can lead to an

out - of - oBder BpobhenrTF@ hane lowerbitinage thatetlr dogen TFC.
the UE gide) 074] Far a Gonmon Control ,
channel ) Bt hf VBTG Bioie s} 0 Within cach priority for data
received from MAC-d.
. [0072] For the MAC-¢ 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 a logical channel is
sent on a transport channel with TTI of length ', data from the same logical

- channel should not be sent on other transport channels, for the duration of t’ as
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by bl ocki ng the channel for transm ssion for a

duration equal to the TTlI of the Ilast transmtted

transport channel (i.e., data fromthat | ogical

channel will not be sent during that TTl). [0075] For

buffered data (data received from MAC-d), this problem

tliarahdeadsital are dubyf-drider krabierh lin tHatrecedfing sileRDC (i.e., the UE

I@H ority. However, this approach would |ead to under

‘['ization of systemresources as a greater anount of

[odgup | s HrQaCOHICSMndn Cdntrs] CIRInMEASISHroblen? Bh be solved
|l eads_to_a delay in the transm ssion of ‘data from

by blaskingeheghannel fon transmission for arduratisindequial $o theaTEI of the
LQrisdyqf [ s .0l f haod "t o f

1 PRk BB e sl 0, Mk R o e IRl Sl witl hotbe
sent arusiygy that Idnel with TTl period "t'. This increases

R s A R e R

: nadd )

e A T A L e

lepiite wnder rudiination, of\xetemn resmyress as @rmyeapaxdmmgnmfﬂata is
ek 00771 The foll ow ' f .

AR 05 o 8 o R0, fnision o

data e oiler Ulleoflthy ek @Riokisy.N06 BvéidaBie dati st algitority from a

pnvention , should not he Iimted in scope based on the -

U@%ﬁﬁ’gﬁ%eg foreh Petipd dn 1f detasieenpetbis Uthet thatamiagity[iggegy on a

tramkdolt shaWhel withl 'Eﬂrsﬂetribg"t’.aflgﬁ riﬁ&}é%eﬁblg %Ho%ﬁ'ﬁt Y ddla that can

r 0gl ca

- transferred PDUs I eferred to as a
begienhnutl fronTilk Umatidialize sTlFEs tied outsofirfier pbidne. as TFC

10078 or A3 SiE BACTe ah Heenetnardireto Uf ReRES CocH
, lemﬂ?}.o I HECH! BOoblotKua Sh v aél&iﬁgolnDUsi drel RQuired;, MAC-c

has valid TFCs (TFCs wiith data rate greater than
requgsty onlypadding FDUs fsemdeCt 0 Fi gures 1A to 1D, the
| owi n . for ithe C-C :
081,044 8 R BB B B olftertiSvonaac
¢ 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-c algorithm, algorithm: A
- 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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S2. Check if there is at |east one TFC with at | east

one TB available in the TFC Can (candi date TFC set).

a. If yes, S2a, go to step S3. b. If no, S2b, go to
step S26 (all TFCs filled, will select one). S3:

Select the first TFC with at | east one TB avail abl e
from TFE CanMakinmghrederencefoFigates 1a4to 1) sk follbwitpesteps are

s,.a cal riqQrit, such that: the
reitimetdor e A T setcelipalemitheds “be sent: it the
sel ect edghogi patialisdpanel is a CCCH, the | ogi cal
channel is not blocked for the selected TFC, if the

sel ect edSRogi @hPCkc!fa#h%'P is @t deastronss TEEC @@thpatﬂeasﬁme TB
check IfF 1 s 1811!1 ee%{L q‘R?'ltﬂ@E S not

bl ocked ne s he se ct ed
| ogi caI channe.l [ sIfyeet Sﬁapgcb(aﬁsikplsst his TFC. a.

%/ EZ re i s nor e]‘g ? h gﬁf B dsélg l(ﬁ%ct%oo%gg §I26 2% ﬁ‘ﬂilétl"scgﬁ‘é&e‘ﬂu select

one random yonepo to step S6. b. If no, S4b, go to S17
(no nore data with priority p). S6: Check if there is

a restri88i orSddectrible SrstEFE ovithad leastconedB pwaileble from
channel . 9§rf>gg¥&sﬂd1§6f%“{ étz S7 _and check if the_re

is a TB av me size as the PDU size
+ MAC he@dgier . Checklif theas is ﬁf@cal@hhﬂné&vﬁh @nohtyqﬁtﬁhtthat

o Tl phpradd o St Tk e o ton bt o cientaed logia
%h‘,é%iei 3% OBSH, ThalBal hﬁﬂ&l?@g}@ HI60Rd fo Béhel RULSUPTFC; if

(nunber of available TBs I'si ze}
siéie@elecﬁﬁﬂbgidahbhml noof tﬂansfembdﬂi’mﬁstthen chedyifcthere is a

one bi)ﬁ tilat 1sD ngts bﬂ%ﬂgd ?or leasbe gctgg i‘]?%i 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, 84b, 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. Ifyes, S6a, go to S7 and check if there is a TB available
with the same size as the PDU size + MAC header.
i. If yes, S7a, go to S8 and:

1 select the transport channel with that TB size.
If more than one are available, select a transport
_ channel that gives the maximmh available data rate,

as follows:
MAX {(number of available TBs)/TTIsize}; and
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possible in the transport channel. PDU sel ection nust
respect FIFQO, bl ocked PDUs nust be skipped. 3. Update
buffer information as follows: a. PDUs sel ected are

not available for this TFC selection, then go to Sl11
and: Update TB information as follows: a. TBs used are
not avail abl e anynme fselect HDs ThAEL Sk andti biocketh érong dhis

to step 514. ii no, S7b, S9 to perfor,
Thi's | ogi cal chanrﬂesi% %@réﬁ“ﬁl%%ﬂ@@yf%‘faﬁ&}ﬁ TBs as
TFC ('since PDUs dop&eibléiﬂthbtaﬁansﬁgﬁ)cha%neﬂ PEU 5&§bdtHoA must

to step $4. b. S10 i. select a
‘transport channel xehaect@IF@sblmbedrBJanmuaVbe chipped.

data rate, as follpws: er TBs*
TBsi ze)/ TTI si ze}. ¥ . atéé“ég;p%ﬂ %%ﬁﬁaé%ﬁ S bl e
in that transport -channgl mgylé@edambﬁaﬁﬂdb@foaithjs

channel . iii. Update buff |ntor tion ,as_follows: 1.
bits used are not availl nﬁS#SPW%ﬂéaiPﬂc

sel ection and should n@g&%ﬁewﬁ%éﬁbﬁl&@foﬂé&%a

occupancy. iv. Then goto step S11 to update TB
information as foll ows: al TBs used aremet availahiaansore for

anynore for this TFC se Then go to step
512. 2. If the select ed S;F?f}fel Mnel is a CCCH,

Sl2a, go to Sl14 anphengglﬁ,_stgi@gﬂder the CCCH to be
bl ocked for this TEC during this TFC selection (for
the next stepd- of Mme. THcgedp &8ttp perform:

1. This logical channel is considered blocked for
this ~ TFC (since PDUs do not fit the
TFC). |
2. Then return to step S4.
b. If no, 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)/TTIsize}.
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 811 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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for this TTl). 3. If the selected | ogical channel is

not a CCCH, S12b, go to S13 to determne: If the

sel ected | ogical channel is of transferred PDUs, S13a,
then go to 515, to assure: - all the other PDUs that:

- are in the sane buffer (i.e., sane priority); and -
have t he sane Gdnsidaradhe QGECHE0IHR Klbcldd fos ¥hisel'FC tdading this

are dered bl ocked for.this TFC durin [ F \
sel ectm(for t he next® ?%q&rtpﬁge%%%fiﬂ?fgﬁsgﬁmm
this THpthi®TTIf the selected |ogical channel is not

of transferred PDUs, S13b, go dlrecthyﬂto 816.

At
516, cRedk the sgleptedHegivakschannehisnairo GHGH; Sl2lado b S13 to

If yes, @?m:g] .to step S17 (no nore space in this
- TFOQ). b.%el nof%' S16b, return to step S4. At S17,

conput e tlifthd s:ﬂaitednbgicaiad:hetﬂirebisgﬂmansﬁérrm PDUst $P3a] shen go
for this F asfollovvs Let Num_ Bits(p,i, j)
denotet‘ll%1 bits of priorityp data that can

be transmi ttedag&hgﬁgﬁripwﬂg@hggsl ng TFG (i.e., TB
ei

size times the nunber of TBs sent, including

any RLC and/ or amnD thecames buffiert Les sam@mrwﬁw amdd/ or
padding bits), IG&]{‘%%A Pieﬂ) rtﬁgg.ﬁi?ﬂs O?E’D%ﬁg_éelectgd are

conmput ed as rou u
ghp(p,i.j) Nurn Bi ¢omsidered Jbldcliedt fopnthds IFC dwaingg Khds, TFC

el ' 7 B i i 0
8; p[el/gﬂ/wﬁled&i&ﬁ%r n'g%cl ze@wr ougﬁptﬁ&g émeS’ B13b, go
dipedthyrot§l6dat a. - 20 '
At 516, check if ail 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 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 ; 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

' 10 ms .
Throughput(p,i, j) = Num_ Bits(p.i, j) - Equation 3
oughput(p,i, j) its(p,i, J) TTT LenghG. ) q

where 771 Length(i, 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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Total _Throughput(p, j)=1T1zroughput(p,i, j) At 518,
check if there are nore TFCs in TFC Can. a. |f yes,
S18a, select the next TFC and return to step S4. b.
If no, S18b, (all TFCs were checked), go to step 519.
At 519, anong all TFCs in TFC Can, there is at |east
one TFC, 78RY_Trkbet J?ut(},hﬁ Y ﬁﬁnﬁhﬁjﬁl ghest "total
opti mal throughput |or| yp, such as: k =

ar gnmax{ Tot al _Throughput(p, j)} Equation 4 i Delete
al | TFABS1§ahesk ifthde Hkr@ughPBCs e TFC Tan. t he
selected TFC k from TFC Can. At 520, check if there

is at |east ONged,F84) sdlck HamdxbaF(hasd adturh b6 stepBsL.
filled (does not require padding). a. If not, S20a, go

to S21 apd chEgls, 518k,8NTFEs wbrd &ﬁ%kecgngo E&&ebmtg
does not bel ong to TlfC Can and that has

filledatBig |efm¥%a]l%@s 119‘I‘F@’O§%i\bﬁé}e 1§at Qﬁ%toﬁeal‘mtsay
with all those , called TFC Pad (TFCs that do

not requilF€ k,pkhudinmgyides tharhigigesé| "koteh eptltmé thpoughput” for
TFC NoPad ﬂg}l{ect il TFC providing the highest
“total PP d"lfghput for priorityp data; and 3.

add” that k%ﬁx@x{ﬁﬁﬁ,@?ﬁon i(plfHy not, S21b, congudeion 4
to step 523. b. If yes, 8 (pg?)}ntl nue to step S23

(there is already one TFC'in TFC Can that does not
requi re Pakdth alj I'FCAttha2BrovidieibtitonghmltlesEEhan the setéctedFC
have al | theT filled: -21 a. If yes, S23a, go to
step 826k €anion is done). b. If no, S23b, go

to ste
Xt SZO, check if there is at least one TFC in TFC_Can that has all the
TBs filled (does 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 {o:

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. Iyes, 520D, continue to step S23 (there is already one TFC in
TFC_Can that does not require padding).

At 823, check if all TFCs i TFC_Can have all the TBs filled.
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At 524, update p = p+l, then go to S25 to check if
p<=8. a. If yes, S25a, return to step S2. b. If no,
S25b, go to step S26 (all priorities checked, select
one TFC). At 526, check if there is at |east one TFC
in TFC Can that does not require padding PDUs. a. If

yes, S26aa. go Hges!S93abgd to step 926 (TUC Selédbionds dofelSt €P
528. At 527, sel ect the TFC from TFC _Can t hat does not

requi re phddi rIgnoj $238, Igertast@me than one TFC
avai |l abl e t hat does not requi re paddi ng, anong those,

sel ect At®24] V't;]Qéiﬁ gd RESIB T sRdk9ppa-gate. At
528, select t e T C rom TFC Can that provides the

m ni num dat a  F9be Sobh, FAGREL SefBpe than one TFC
available with the sane nunber of Di ts, select one

random y.pFil | fibls m
paddi ng PDUs fIngn %ﬁﬁ% %Gcgéi—&e%cg After % I}%HSS ége? %Zbé:,tone
go to 2. At 829, if the CCCH is used in this TFC

consider the CCCH to be blocked for all TFCs for a
per i od AdfS36, vbedqifdhetenistatdedstl onef THR@ dn TRGUCGHtHat does not

- channel sel ect edd At ?J. for each | ogical channel
with trardsEePrdd Se., for each buffer with a
specific prior ed in the | ected TFC, each PDU
that is i ny%")uﬁf&é?’ @n‘iﬂ’sﬁ%\%séﬁe UE ID equal to the

UE I D of Plﬂ:hé:egmbggltggre pid¥gs TFC is considered to
be bl ocked for all period of time equal to

the TTAtSRT; wéeqttm’gEsﬁromﬂ‘i‘ﬂlé]anthetémsexotﬁreqmmmddmg If

S e iy SRR bort 802 dn EP BB S it B el B0 e padiing,
i npl enentaﬂﬁwmhos@@bmwmm@ tB4taRSvidea thd henh@erdath fate,

2T 980 roiest SaorLP o TF Ope thatproyides dberminimpm data
set of a Wb aeftheRHs$h A thah Be 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 828, go to S29.

At 529, 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 T'TT 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 selectmn
algonthm mplementatmn, mcludes more steps than the algorithm of F1gure 2. ‘
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al | oned si zes depend on the TFCS of the S-CCPCH

(Secondary Common Control Channel)) for each conmon
transport channel priority indicator (FACH priority).

A FACH flow control frame is used by the CGRNC to
trol the user data flow. It may be generated in

{6@&}; onse The MAGRGHagdpamnfiguRetpithta st ofihllewed SDESizes (the

nuﬂ"’%gfﬂéﬁ B ARG %%@@Eﬂ%cﬁ%%@é@omml |

Chennebhfomiench $R0BdH tﬁ@@p@@@tiah@@;ﬁ-ﬁtn %l:n.- gdgﬁty)

t ACH t Th d
SR iadh oo S maibm@wﬂw
g TS | PRy 5 v i

enu

occu nCAﬂkbﬁﬁ
v ﬂmtmlﬁamb ﬁmﬂt Sﬂt&:mt ; ﬁ%@mtbﬁi- éfcrdflids the S-
e transmitted in the sane
[008@@] dat a q;gngah %?fg%t‘?ﬂém%u si ze sel ection for a
cal dtozench ! EeHisinRl)
oA thBR is E&P&Qg F?%Hﬂ%ﬁ ority. The

channe

AT 00 B B o, o i
et Lo P A —

credits needéd
of gvatlable credits foe thauEAccmprmltw MAE-cBWHUS bZmE &8 af@same

urre sone

[ owill
OV%&LG%%% &beg?dtfm’rﬂ?g ‘S%l%ﬁi@ﬁa flameri zes
[0088]s ov eﬁ‘heasﬂ)US B8 bdchibn 1 FEIILE ShabRICHEMR on the

Howevey,, that require selecti a
COTTERRA rc mg@qnnthebbgmi chamnbltBO hid $he whealhs of

aaLeR er of credits is
avr uesctr%&foggh%%?% ?ﬁﬁ% gﬁe MAC header is added,

ul ti nBoi @ givenBO Oherd 18R bel POB44bISIY ‘lﬁﬁoérrb%fedl% idded

' 0 Qrm atlo to determ ne which option 1s
for e&cfl gblr(’ @E@%‘Eﬁd‘@ﬂh@‘e@ m;ﬂhehdd by the SDU size

dods m)fneya tlﬁg u f iven B
ter (%ﬂjrrn mtzclﬁngﬂgsﬁgpnt&l ng %@G &&‘C

- ba B@)e theat gpindmized tb.ﬁ:mheacbis @@éc‘ﬂé‘d 1tB Gnd@ximize
a | esser er of credlts nor e

*h"a"éﬁt’t‘ﬂg "y By medorehuine peocies wzehth@towem an
et Lot 1 S e o
cre{hﬁ% S:Lﬁ]:lﬁénol'm thnes @@Mhﬂaﬂhm&a&leﬂeméu&mg inh@ore
Oveﬂyémpr of credits.

[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, 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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-23 [0085] The following is an exanple of an

i npl ementation of the RNC MAC- d SDU size sel ection
procedure. The invention is not limted to the
following exanple, and the invention is intended to
be limted only by the appending clainms. In order to

(0088l SDUSThefollbwinghEan exMAGISboffa0l ipemdtiatifRbHAWRMC MAC-

dpgﬁ)gesq%gg f(.-c%goe Figure 3). Sl: Select the highest '
priority Eil B0 PR} %}#égt _%%qvesﬁpﬂ%%%lmte%dglmlfoﬂowmg

exdrapiee andi the fobaktid iCfitbNded o %Qelfxﬁjg:gﬁi Ji tetﬁ% Chppending

1Io i cal channel with that priority,
Clpt®tom y. S3: Based on the buffer occupancy of the

| ogitga t,he Si t used for .

ot Sahaly Sinh BEICE o' ) BRG <" W& G shlfoie B pawine
Prepeduredtes Bigwe d):l able in MAC-d, deternmine the anount

of+] nf or [ its that can _be_ transnmitted by using

eé%h PD%ggcgﬂ:‘e(%fgﬁeﬁtWWr(gepbéﬁheﬁbl\/ﬂiﬂ)s). For each

PBR} si zeSeleb loa{eay ' ' i i.S.qiven.by.

M N (BO g[ edi 1§ X gﬁ%&ﬁﬂ@&%@ﬁ&h@%%ﬁe one

gi ves t hiogisek channed mithnthadfprioritys selbétame rahdismly.f nore

tdan one ' kves the sa Xi, amount_ of

D e P s | 8 B Recpn S ol thanngl seleck the SDU

m ni mum siaeifibiss ugtd fof gy egicBRAAAL R SESK:L Ne Oi ven
ion bits. I'f nmore than one

maxi mum.anount - of informatio : .

PDU si zeﬁ‘é‘?e\a@t?‘ﬁ@%%ﬁ%r@ﬁﬁ?mmﬂdﬂeinm&dmﬁwmethe

sel ect tHRoSHBdA; P [+ Looelect. t.he .SDUs .to :

be sent frgm_t rfgtﬁﬁ)%%:xaﬁygﬁd% %&%W%ﬁ&ﬁ?sgﬁ%?d%a‘?ﬁ%ge“h

sent butPI3H size (witnigledsig padding bite)l | FdiedadénoPD{h dize, the
e

| ogi cal nel.,. The,.credits all owed nust .

respect eaéﬁgﬁeln&éléfp’é%ﬁlﬂﬁ%ﬁ?és SHERMJ¥F of SDUs to be

sent. S5, k if_th re nore |ogical channels

with thmf)pf"’?eg%t??‘jﬁﬁpgﬁm@f there are still credits

avai |l ablg, f t riority If yes, S5a, return to 82.
Select {:he pﬁ{] s?ze that g%/ves thg 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 sént 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.

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

If yes, 85a, return to S2. '
- Ifno,; S5b, go to S6.
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If no, Sob, go to S6. -24 At S6, build one "lur" FACH
data franme for each SDU size (for a given priority).
Note that the SDU size is the same for a given |ogical
channel, but may be different for different | ogical
channels of the sane priority. Thus, if there are n

| ogi cAt S6jlauibdbite ViuthFAGE daf frafetfyr eddheB3BUVizd (foea given
| east one_(l%?anﬁ%ﬂ%t nost n FACH data frames (one for,
each si ZoritR. sihnke thaf the PRUze i thegame,for & gwen logical

the SDUgh{e1each B&%ﬁ?kteﬁg%?ﬁlg IS RE T BERL PG ols of

i nside the data frane. S/, check 1f theré are nor e
| ogi cal thehsame psioritai | e, ifitheyeare iSkgicad channds with that

sel ect the .next hi t_priori ayai | apl e _an

pack .« BRasherkyiithe of | | Bast bpd it o gifat » PEGHEqate
In the plagdsqQbe fR@hEIPBRe). tRE | NEKYuI@AIs6Be AERASHal the order
order to_perform TFC selection was described, For the,

i nt er actf & PaVsareaghdogieal chegnehot Imusicey mainteinadiaside

node- b [guration information (static) and
buffere daeftg'%ﬁh%%'ornati on (dynam c) are needed. As

per tAeSKATGetk ifitherd aiSpmord loghhl dmriliPivaiBhls. 321)

and the LC Br ot oco eqgi fication .(3GP TS, 25.3 ,
The RLC FHY50: Gl EDFRSRRCSaipstihe pret leRrter ety Auptghle and
(BO, #hbsadk kesphe total amount of data buffered in

the RLC. _However, since the MAC needs nore = . .
i nf or mat 1o, S7bnthetnroeadure is eveter to perform TFC

. ectio £ [
0980155 ) ° s Frefiofts BEioRs Ve IR AR e BB ine Tt il pectorm
TF(Rbséle?idiﬁ twes idegeeibedo Fdﬁ&hé/hﬁejﬂ'dgibnméﬁweaﬁ MAC ?lnd RLG, both
speci.fication (3GPP TS 25. 322 oes, noi  speci at
logig °hRPng‘:'iﬁlPﬁi%' asqdrﬁoaggﬁmoné@mw&w wﬂ? apﬁ%#ged data
infRAlRRA (dVREmE9BEERblaf the "RLC Entity Info" will be
descri beg. Since this information is used to
"restri cA% pehthes AR Protwedf Spdeifichkion (3GHESTS #5033 taindrthe

RGBSR Foritain (FORPITH 25 3ephihe L Bivates the MAC with
thé Bhfer@icpin 3B, WwhRh 7k 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 RL.C 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 seétion, 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
-TTI. '
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and/ or SDUs buffered in the RLC that are avail able for
transm ssion in the next TTI. -25 [0089] For
unacknowl edged and transparent nodes, the MAC
specifies the PDU size on a per TTl basis. Therefore,
the RLC cannot create PDUs ahead of the TTI, and only

[0D8$jor Mat Fefuhad@@dwlsddeldendytdeipadentphdes atheDEA DIpUdiA  he
by the RLC in advance of transmi ssion. For an
PB&@W%@@E T3 hasist [Thepgfors; the RLE cernps greadp #DUs ahead of

e ' 4 0 r .
T N T R o R A g e RSP S R P il by the
RI€ dh midvan@nofitaanahissonc dforconadinpwitdzedlfiodndhe PDU size is
i t.sel However, since. praviding the de .requir.e
e Cnp b BLorE R ae BRI WS L LS Srectipiaed by
thd@taocharacteri stics based on the RLC npde, then the
data characteristics thenselves are provided instead.

- [009Wo1] SNatastimtthe dFEcesbictivaperinblepem eomsaiartbefl:@mode
i “EoNRvel 2ip BB ARE AR CORRE BBl Tnf pACSD male
asSibipEBLs abaet Hid RLIC: buffoledr dath éﬂwaé@ﬁ@g‘cb ubtet ed tha RLG

"ot RLC 092] Depending,on t RLC -1y SO in
mggfeg et Ehedpin ahama gﬂi Feh LRREEIVER SEORRV ’I‘Sgﬁﬂ%y some
[0691}t he 0gf@e Drifd: Slefiidtion &éi)l%n%%gﬁggia]%: an:ﬁ)Yﬁ'tlc,ﬁ'bdﬁaftQ%t is

transm ssion. [0093] For all the sizes an

aveitablg foy/rensmission ingf givee THDUhe TPE mestrictiod viaviables inglade

[ B s ; t hg sa - rpforpat i, on o+ egopt ed
thf BORABIT bR U3l 188 bl A BpU PR RideRk B AACREE O
[00922t t heBepdntling lodStid R Afode] endohlswi il atded.to avoid data

Ther ef,or e, F}ﬁinl y informatign for SDUs_and PDUs _that
tragsguiggien copfict§, enly rspmee of dheydadabutfared jigethe BlLirmay be

LS P IS hiRf transmtted in the order it was
aVrecell velgt’r he1 R?(I} reports only the nunber of

[0098h s ec ut Fareal BRI RPodes,ithe tsives An@ UEddsFyrssi afrelbeff therPDUs

starting,fr he ol t P that .are the sane
ozt A9 e inone T sryaide traatne. e 1 Grted
to FREEMAC ngad gﬁﬁta@ﬂ:@@ hePthe OPFEdis 8Akdte@Nso TR thede two
be transmtted per TTl, and therefore the RLC w ||

restegdens areamotoripiaterh e Therefores onlyainfarmatiqmofor SDUs and PDUs
thdt! ARSI size and UE I1d 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 1d Type.

[0094] For transparent mode with segmentétion 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 i_'or an
acknowledged mode logical channel is therefore restricted by the type of RLC
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[ 0095] For acknow edged node, dependi ng upon the RLC
configuration, a |ogical channel can carry RLC SDU
data (received fromthe upper layer) and/or RLO
peer-to-peer control data. The anmount of avail abl e PDU
data for an acknow edged node | ogical channel is

ddtaehet ﬁrcﬁnrsﬁf) pbHC FRE abidwleddedRodé 1ogidal ch&ﬁlaaﬂaattsla?port

- it can sugg For acknowl edged_node | ogi cal channe
trangmissigppey RLG ﬁ&?ﬂﬁ{%@@ﬁd drorR thesmeer(Jagen) fael ameymt t of

aJ%iﬁbPé)PﬁU h@k’s?ga) % t?i%’eldrﬁy p& %19(\! A kRD h(%lr%?gﬁ Eéi’s' RLC

SO restricte Sl ze "o I"ogi ca
trRhEnitt wamdov.t Notrd d:hat the R drandreitRvihdava sssd tis stat1ca]ly

Wi ndo .SﬁE#]éCstatl cally configured in the RLC
sel ection, the MAC needs to know how

[ouyelh of e THS éeiectioﬁkﬁib MRA Pyeddrsto Mow B Qriucthﬂtﬁe TBis

the TB header size depends on.the UE Id _Type, then

taken uprty thesMAQ heastery Sineeothe<IB headenvize dppends aptheUE Id

APy St 18 bS8 gt B

thieMARI iotazol fymciEtibn (3ERPITSIAF.221) states that tie U[E)Inlm]'pe is

ont nfor about .t he nunber of
prapded iy b Hipfa Sks MAZ: b e Bl RaRORHsidR  { hom 1 he
[ob@@ needsgirdcd tko IWOMaL4I8E irFbrmaAdn Akt SR EulWbf AP that
the RLC can be segmented. Therefore the TFC

the dALCi mustorequest fibmdhe iBiel thien thesMdvneeds torknow whether or

oS A 6 b P e 00

re@lrrﬁ:ﬁo@_w&xmst intlude padginegtativhdhdishiopnNoteitst tlis edicator is
known by the MAC in order to be able to perform TFC

St%‘é?aéb’tqoélﬁg“!‘:‘?qﬂ’é%bﬁa%]d@ﬂg is only supported in certain
[O%iCAE‘}ﬂSﬁuéﬂ@A Gﬁé?cl uglggel&ﬂh%% padd dighdtidd needs to be

Indicator 1s restriction

knoswmi latﬂheé\JAmﬁ@}'déﬂm bk ablgoipegform BFQ eclection. iSincepadding is

R I e B

m&i’c&fb‘i% ﬁﬁo(iﬁeluab& i SRPTEVkestsictiondraahies. as t he

context for the invention is onIy by way of exanpl e,
[0991d, t heThefbregaingiseedespaptionpiameathod andexemplargalgorithms

a Al
fort @L‘ﬁcteﬁgrcf > P%Qf %gggmeaﬂg&gﬁv %ragcfg d@ﬁ@s%}%@t[ﬂ&{ntﬁ el ule data
treasogiesioh. The SGIBTVMTS statad abeve as the context for ,the mventmn 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 eniploying 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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[ 0100] The bl ocki ng and unbl ocki ng techni ques

descri bed above are extrenely advantageous for use in
a wreless network enploying time division duplex
(TDD) for conmmunications. However, the above

techni ques can be enployed in a frequency division
dupl ex (FDD) type network. [0101] All other aspects of
the invention are applicable to all operating nodes
of UMIS. -27 CLAIMS : 1. A nethod for use by a nmedi um
Cha®dSs control -common channel (MAC-c) of a radio
network controller (RNC) to select a transport format
conmbi nation (TFC), conprising: creating a set of

- candi dat ASmfeﬁ:ﬁi@ RirizR by d mbediBin KR eSeLEstSICoRbAhannel
eac %ﬁhe candi date set: belongs _ to the TFC set
(Mt 0 |Esr

ﬁw&ttweﬂfé cantrallar RYED tor rselectra frapeport format
cd,lﬂbﬁﬁf{@{ "[(F ﬁgy the transport format (TF) of a
lramn

transp or é cannot change in the mddle
of tdn@tmgla gt Olf wlsclcarﬁfz{ﬁ msyebenselercted whereby

adl olink control (RLO). 2. The
e&%tnt]lb%%?{ Jﬁi@?{}rt her conprising: selecting a TFC
frorheidmgs&aﬂﬁl’ﬂétteets(ﬁ(,\ﬂm ch nmeets a first cri teri a
a .TFC havi ng mare. hi

C hias GORGORES, Stk o 8rvepn ot digpm dnierealo bt T sitsy the
traRboe dorhat ¢TR) 6F 2 £t dhan¥é1§Tr M) dadhotChafipé ﬁ1 the middle

cand| dates neet said first_criteri'a, conprisin
vi di Qfgtha Tgedbrandcisicommatibleowith @Qﬁﬁg’q@a‘@nrq:&a fadjenlink
CO},?JOEI%(L nmore candi dates which all ows transm ssion
data at a next lower priority 1logic channel.
4 The nmet hod of claim3 wherein said second criteria

tili priority
I evgr S. 'Eﬁgﬁl}?g%%&@&%ﬁu ﬁ%ﬂger%gggg:g{n%gv\her ei n, when
t wo selectimg @ TRCCRometbie candidate set which meets a first criteria of:
choosing a TFC having more highest priority data than other candidates
in the candidate set.

3.  The method of claim 2 wherein, when two (2) or more candidates
meet said first criteria, comprising:

providing a second criteria for selecting a TFC from said two or more
candidates which allows transmission of more data at a next lower priority
logic channel.

4, The method of claim 3 wherein said second criteria is utilized

recursively for remaining priority Ievels.

5. The method of claim 3 or 4 wherein, when two or more TFCs meet

said second criteria, comprising:

_28 -




said second criteria, conprising: -28 providing a
third criteria for choosing fromsaid two or nore TFCs
neeting said second criteria a TFC which has a | ower
bit rate than the other TFCs neeting said second
criteria. 6. The nethod of claim5 wherein, when two
(2) or nore TFCs in the candidate set neet said third
criteria, conprising: selecting one of said two or
nore candi dates at random 7. The nethod of any one of
the preceding clainms, wherein a TFCis selected which

re fal:st - fi kst ; j V t ¥
rednnding o iRt chfbes ot B frop ARG 1B g, TRCS
metting maidodcaid anmyedana FFCG ehiph deadh gwelr itrsatewtiemetire
wh he RNC enpl oys .a di um access control -common
Oﬂjc‘%ﬁgﬁﬁéﬁ nﬁ\?ﬂégcsf’@fﬁ%’ggﬁﬂgr,msai d RNC buffers data
received froma MAC-dedi cated channel (MAC-d). 9. The
met hod any. one.of .t he precedi.ng clai.os, wherein.one
quée iﬁjhﬁe%ﬁ‘yrhﬁfﬂa_f?lapnga\e reé,w%_tvw 233{%6@??3&9%6
caritfi@at@fset ﬁfée%ﬁ@%ﬁirﬂ%rﬁéﬁb,’%mﬁ‘ﬂ@iﬁ tn one queue 1S
provided for all UEs. 11." The method of any one of the

pr 6legting oge of said twper gnare sardidates abrandopy ovi ded f or
each priority. -29

7. The method of any one of the preceding claims, wherein a TFC is

selected which respects a first-in first out for received data of medium access
control- dedicated (MAC-d) channels.

8.  The method of any one of the preceding claims, 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).

9.  The method of any one of the preceding claims, wherein one

queue is provided for each UE.

10.  The method of any one of the preceding claims, wherein one

queue is provided for all UEs.

11. The method of any one of the preceding claims, wherein one

queue is provided for each priority.
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