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[0006] The objective of the evolved universal terrestrial radio access (E-
UTRA) and universal terrestrial radio access network (UTRAN) is to develop a
radio access network geared toward a high-data-rate, low-latency, packet-
optimized system having improved system capacity and coverage. In order to
achieve this, an evolution of the radio interface as well as the radio network
architecture may be needed. For example, instead of using the code division
multiple access (CDMA) air interface technology, such as is currently used in
3GPP, orthogonal frequency division multiple access (OFDMA) and frequency
division multiple access (FDMA) may be used in the downlink (DL) and uplink
(UL) transmissions, respectively. In addition, LTE may employ an all packet
switched service, which would mean that all voice calls would be made on a
packet switched basis.

[0007] In a scenario where radio resources are limited, high priority
services, such as video conferencing, may attempt to acquire as much available

radio resources as possible from those assigned to a wireless transmit/receive
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(UL) transm ssions, respectively. In addition, LTE may
enpl oy an all packet switched service, which would
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posttransmi ssion traffic policing that is done by t
transmfissaen traffiepelicing that is domgrhy the NW after it receives data from

the WTRU. No guaranteed bit rate (GBR), maximum bit rate (MBR) and
prioritized bit rate (PBR) information should be transmitted to the WTRU.
[(0010] A WTRU centric solution may include the pre-transmission of traffic
policing. The traffic policing is performed by the WTRU before data is
transmitted over the air, and the GBR, MBR and PBR information may be
transmitted to the WTRU at radio bearer (RB) establishment or modification. A
WTRU centric solution may be used for UL starvation avoidance in LTE and may
be specified based on a number of token buckets. Figure 1 shows an example
token bucket configuration 100.

(0011] As shown in Figure 1, tokens are added to each bucket in
accordance with a certain rate, (e.g., tokens/section). In order to schedule and
send a packet of size X tokens from the WTRU, the WTRU checks the current
token bucket size to see if there are sufficient tokens to allow the sending of this

packet, (i.e., if packet size <= token bucket size), and if so, the WTRU may send
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the WIRU. No guaranteed bit rate (GBR), maxi num bit

rate (MBR) and prioritized bit rate (PBR) information
webh@alite2be transmitted to the WIRU. [ 0010] AWIRUI/US2008/003240

centric solution may include the pre-transm ssion of
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haedlingthis hufen levek if ip apealiowesl tolsehadpde thexonrerning SAE bearer
b8 t}pa%tw@uqh mean crossing the configured MBR/aMBR. This is what may

be referred to as a “grant loss”. The grant loss may occur even if an evolved Node

B (eNB) is only providing grants corresponding to data indicated in the BSR.
[0014] It would therefore be beneficial to provide a method and apparatus

for supporting UL starvation avoidance in an LTE system.

[0015] SUMMARY

[0016] A method and apparatus for uplink (UL) starvation avoidance is
disclosed. The method includes determining a current buffer status information.
The current buffer status information is reported to an evolved Node B (eNB). A
grant that includes a determination of a number of tokens a wireless

transmit/receive unit (WTRU) may accumulate is received from the eNB.

(0017] BRIEF DESCRIPTION OF THE DRAWINGS
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being able to fully utilize it. Gant |osses may occur
since the WIRU does not know with what rate it wll
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wher el n:
(UE), a mobile station, a fixed or mobile subscriber unit, a pager, a cellular

telephone, a personal digital assistant (PDA), a computer, or any other type
of user device capable of operating in a wireless environment. When referred to
hereafter, the terminology "base station" includes but is not limited to a Node-B,
a site controller, an access point (AP), or any other type of interfacing device
capable of operating in a wireless environment.

[0026] Figure 2 shows a wireless communication system 200 including a
plurality of WTRUs 210 and an eNB 220. As shown in Figure 2, the WTRUs 210
are in communication with the eNB 220. It should be noted that, although an
example configuration of WTRUSs 210 and base station 220 is depicted in Figure
2, any combination of wireless and wired devices may be included in the wireless
communication system 200.

[0027] Figure 3 is a functional block diagram 300 of a WTRU 210 and the

eNB 220 of the wireless communication system 200 of Figure 2. As shown in



[0019] Figure 1 shows an exanpl e token bucket
configuration; [0020] Figure 2 shows an exanple
Wowesl1e233 conmruni cati on system i ncl udi ng a pl up€l/Us3008603240
WRUs and an eNB; [002 1] Figure 3 is an exanple
functional bl ock diagramof a WIRUand t he eNB of
Figuge B¢ tRe wmlzzz 10Hsginr @mdimuficatioh avitHithge®B 220 and both are
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ersonal digital assistant (PDA), a conputer, or an

25k nee 1p yqeEuBRNigeben dwithcthe: Bresesser 15 p dibet pntgnng 18 is in
cofigh BhRRToR Wirh 3P e ethitRr 20 BRI khdIGLERL DT o Filtate
t}iectranshbﬂse}oﬁ aml mcteptmmnf wideless dadan access point (AP),

ny other. type interfacjn evi ce hl e of
of3ef s namaHai G reihe e Rt ehenay BoBBpdap guveiosl oNB,
thRRVIS 220 Mh1BHESS pPEUEEIHH22B! A PEcePHH2D®) 2 @Parshsitted 229, #nd an

plurality of WIRUs 210 and an eNB 220. As shown in

artegne @28, Thherogemeey 2260s sonfigured tmperforaeinesthosl pfsunperting
o 8t 308 BI85 iz A Y BRRD, B49 R S
cotepunicadionrwith ghe @rocessor 225. The antenna 228 is in communication
with both the receiver 226 and the transmitter 227 to facilitate the transmission
and reception of wireless data.

[0030] Figure 4 is a flow diagram of a method 400 of supporting UL
starvation avoidance. In step 410, the WTRU 210 reports current buffer status
information to the eNB 220. This information may include information for some
or all RBs, and may be directed to preventing a grant loss. The information may
include buffer occupancy (BO) information, token bucket size of each RB for PBR,
GBR MBR and eMBR respectively, token accumulation pattern at the WTRU,
power headroom, and the like.

[0031] The BO information may be for one RB, a group of RBs, or all RBs,
while the power headroom is for all RBs. The token size and token accumulation
pattern may be for PBS, GBR, MBR and aMBR, respectively, for RBs.
Alternatively, the aggregate number of tokens for several RBs are reported, and
different aggregates may be reported separately. For example, aggregate tokens
for GBS, MBR and eMBR may be reported independent of one another. Since a
grant is per WTRU, the total number of tokens the WTRU 210 may utilize can

provide an efficient way for scheduling a grant.
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2, any conbination of wireless and wired devices may
be included in the wireless conmuni cati on system 200.

WO 0@3/1)2283 gure 3 is a functional block di agranPGD0SD8/603240
WRU 210 and the eNB 220 of the w reless conmunication
system 200 of Figure 2. As shown inFigure 3, the WIRU
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griant lqsgnéddltlonally, the WTRU 210 may report for each RB, a group of RBs,
all RBs, only high priority RB or any combination. The WTRU 210 can also
specify in its buffer status, (e.g., grant request), a target time by which it would
accumulate enough tokens to send at least one packet, (e.g., the smallest
transport block (TB) size), so that the eNB 220 would be able to schedule the
grant at or after the time indicated. The WTRU 210 can report any part, or all,
of the information every transmission time interval (TTI) or every several TTIs
that may be configured by RRC signalling during the RB establishment or
modification process.

[0035] The WTRU 210 may transmit its report or token bucket information
(step 410) periodically or it may be triggered by a pre-defined event. The events
that may be utilized to trigger the report include events where the values for the
information described previously exceed or fall below a threshold. For example, if

an amount of tokens for a certain RB, or RBs, falls below a pre-defined threshold,
the WTRU 210 may be triggered to report. The thresholds may be configured by
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or all RBs, and may be directed to preventing a grant
| oss. The information may include buffer occupancy
W@ BOp/11228Hr mat i on, token bucket size of each RBCT/U82008/003240
PBR, GBR MBR and eMBR respectively, token accunul ation
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of RBs, or all_ RBs, while the power headroomis for
mapjmpmstokepduckic?izei ze and token accunul ation pattern

(0538 be fqn ERSmAFRRr %V@fﬁlﬁyﬁﬁste&%ﬁm@ﬁ?idﬁ, £ 8" buffer

RBs. Alternatively, the aggregate nu okens for
stabuy mlay RBevahmted po atséidingamth dbvwf Byethe VTR L 20 drubsentlp the

orte eparatel y. For ex e, aggregate tokens
e@@é@@%@‘@a’ﬁ&f@ﬁﬁrﬁé&aﬁé’% ted i ndependent of
[0039] anot arstepDPO,Lhed eNRE D0 USteRBIindY IRy nidisy fokeAs the WTRU
nunber of tokens the WIRU 210 may utilize can_provi

d
21 cen preyreplatoayin foge esehpsimenhp weighdris prodded tmadhgucket

c#:?gsézroﬁﬁﬁ{gt #onig% . gﬁéﬁlfcgﬁa&gl.oandt {ign%ﬁ%l%@et%}‘k.r BREL vs%ighted

actron-o ive e maxl num token
viduek efayshezformiedrintixa njin@]atiweovlde tdobé sigmaledote the SdTRY 210.

i ndi t that th RU210._h A t 1 1A to.
B G Res Art anyliiFie BH grcicren 87 TRYE 21 it s Al eRaymitting
p&dkees at thes Sk ¢afd, depHRiing bR pplRhtibA Briovy PidnSe WAPRUS 210
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wgr%le%'s ’com%)unication system 200.

[0039] Figure 5 is a flow diagram of an alternative method 500 of
supporting UL starvation avoidance. In step 510, the WTRU 210 determines its
buffer status. In one example, the WTRU 210 may calculate and evaluate its
buffer status and transmit a grant request to the eNB 220 based upon the
evaluation (step 520).

[0040] The grant request can be a relative or absolute request that is sent
every TTI or every several TTIs. Whether to send relative or absolute grant
request and how often the grant should be sent from the WTRU should be
configured at the RB establishment or modification stage through the RRC
signalling. For example, a relative grant request is relative to the value used
before and change is signalled to the WTRU 210 so that the WTRU 210 can

derive the actual grant from the previous grant and current grant. For an



i ndi cating zero tokens, "01" indicating | ess than 1A
tokens, and the like). [0034] As described above, the
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order to aid the eNB 220 wi th synchroni zati on
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AQHltlonally, multiple bits can be used as an index indicating various
combinations of the WTRU's 210 status for the grant request. For example, the
bits may indicate if the WTRU 210 is token, power or data limited. The buffer
status report (BSR) can be used to represent the grant request from the WTRU
210 if there are more bits to be used for grant request purposes.

[0044] Table 1, below, shows an example index indicating a mapping that

reflects different grant to status indication requests.

Grant Index Indications
000 Token limited
001 Power limited
010 Data limited
011 Token limited & Power
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t he eNB 220 ~may sign
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30) .
a

duat a group of

grant alfocatiom y{pyan i naivi
n the mnre

WRUs 210, or all RUs 210

COﬁﬂUﬂiLaLiUﬂ’SYbLEHILUU iUJ Frgure5i+sa f

di agram of an alternative &%?hod 500 of supporting UL
[0645r vat | AB shvwhdarmedle 1 abste Qaﬁbﬁs itdhex WATREE Hildicate whether

(S

rmnes its buffer status. ne  exa the WRU
th?%%ﬁe%v 1045 tefren lamited. mrdg%l@esit tg dimpide ané’FéPé@O%k?H‘atmn
théfeBP ST dhoR1@ b8 '?fotécﬁﬁih%%ltﬂo%gh HNB dls %ﬁ&&xﬂﬁ@%&%ﬁng,
eval uation (step 5 e grant request can

othenmehppinge may albsbé utllazeda qud@theﬂ"laniﬁaﬁoaemayémmeyoﬂtﬂi For
exgglé)iff ut?:é m%l Tr-ga§7 1nV\Puedte ﬁlrattt?lesnea}gbérehp rI"I‘\fse g?vren to the
WTRU 210 to transmit its data were insufficient. The eNB 220, after receiving
information from the WTRU 210, signals a grant to the WTRU 210 (step 530).

(0046]

be required that includes parameters directed toward the support. Table 2 below

In order to support the UL starvation avoidance, RRC signaling may

shows example RRC parameters for supporting UL starvation avoidance, where a

type is mapped to an information element (IE).

Type New IE parameters

Decide Explicit or Implicit | Whether Explicit WTRU Reporting or WTRU grant

Approach request method will be used
Whether a token bucket is allowed to become
negative or not

Explicit WTRU Reporting | If the reporting is for one RB, a group of RBs or all

RBs




request and how often the grant should be sent from

the WIRU shoul d be configured at the RB establishnment
wo@roosnw283 cati on stage through the RRC signal | PEyUST008/003240

exanple, a relative grant request is relative to the

val ue used before and change is signalled to the WIRU

210 so that the WIRUf 23drickie) @eéntyerigherdicoriadvegt aftiggered
fromthe previous grant and current grant. For

anabsol ute grant, i|teriedic,WIRY repartipgrpilbheusedoul d
use is indicated without the need for the WRU 210 to

meke any derivatiof df ewgumfgmdgrwinmee@; beraisepe then
mitiple bits, are |CPmgnt B rorih Rl EoN R Tagnsr
then the.si ngl e i ICHOSFEVRE: PRY dum P At Vel Ehe.

s WIRU bu f o1 occ|BTEYRL] Bands FRCRGE e S RERy DL then

power headroom toHepeliBatHea et hfmber of PTIFLBR  GBR
MBR, aMBR) of all RBs, and the |ike. [0042] The Happy

| ant

WPRU (2¥nt Rggﬁé‘s@m VTP aBdthtdSor' fdlatWierant Qxﬁllg%' %’lseﬁn

attribute of each B, and may be evaluate

[ Mg yFRgDpy, Dl [ELY sjel g AN F

WE?%&EG&??%F%%BS, (;r y- Conbi s Bits 1, and crlmy

be reported the eNBT220—every Tt —orafter—anurbgr—of

TTi's. The Happy Bif thelr™9Lo TPRRIFRG: i BRET FRTHY e Grant

the grant request t/hepdttind cdld desires. [0043] If the

grant request inclydes nultiple bits, one bit can be

representative of JifF REITRBO& gfodd P KB’ RBHMpps Bit0WAIl be

of RBs, (e.g., with simlar properties such as

priority, and the I|itke9rtedr the one bit can be .

representative of qgne attribute, (e.qg., token

headroom BO, or pgWéndesasiremyWdRlhgtarftBequest evaluation

Additionally, multilple bits can be used as an index

i ndi cating various

Table 2

[0047] One more parameter that may need to be signaled is whether a
token bucket is allowed to become negative or not. This additional parameter
allows for different variants of token bucket implementations. For example,
some WTRU’s 210 may want to check whether there are a sufficient number of
tokens to send a packet, whereas other implementations of token buckets will
allow the WTRU 210 to send the packet as long as the number of tokens is
greater than 0. In the latter implementation, the token bucket is allowed to
become negative. Whether a token bucket implementation allows for negative
tokens buckets or not can be an additional signaling parameter, with either the
WTRU 210 signaling the parameter to the eNB 220, or with the network
signaling it to the WTRU 210 via the eNB 220. A combination of signaling may
also be supported.

-10-



conbi nations of the WIRU s 210
request. For exanple, the bits
WOREI12283 i s t oken, power or dat

status for the grant
may indicate if the
alimted. TheP@ism08/003240

status report (BSR) can be used to represent the grant
request fromthe WIRU 210 if there are nore bits to be

[(00481d f or TgbRIB belew shsws pramphasken BRAM: phadinetels that may be

bel ow, shows an exanpl e index i

ndi cati ng a mappi ng

signaded ppaddidion tgithe pagametprs shown is TablesZi ndi cat i on

Table 1 shows examl e nmappid

eqUgsl ey 1anl e[ 1 [UUﬁalke‘t\S SHoWT T Tapt e Ip ¥ &ter

S dex ' o Cat hether—ttre—WAF 01
t§<Be¢1)H E|lrr%r;)1ed, ;%%R?to ?nbflébe:% data—H %"d, oElr %ll.‘gé BRIb
conbi nation thereof. It shoul d |be ndtiRtakenbucketsize (GBRtbs)

also be utiliz

e MBRwken hueketi i

BRin{er-tokemarreal period (GBRitap)
ations may bMBR

reported. For [exanple, the WRY

) 210 MiBRtckenbudeetsizatMBRtbs)

t he nunmber of [TTIs given to the

its data were jinsufficient. Thd

W RMBRIntied-tbke@narfital period
eNB 220, af {MBRitap)

I 6BR Beier!2nT Of MMBRAGLER Bltkdte

WRU 210, signgpgra

grant to the WIRU 210 (step 53

) - 1 (¥BREoKeRbHEIRSizk P GBRtbs)

support the UL starvation avoi g

“GBRintertoRerraiTival Ieg,fa& (GBRitap)

b I red thatogacitd r-at
the support. TatTBIGOBER BHERtto

L S Ulh1T TLLT
RRC

cL T
o ovanmnl A
o

AV4
AN

ov
paraneters for| supporting UL st
where a type i

s mapped to an i
(1E) Table 2 [

o TN\

ize (MBRtbs)

f or me{{BBinterdaken arrival period
ramet er t hat (MBRita@ed

0047] One nore pa
Nan-GBRsbearet 8d

en bucket is Min®kd to

i s MinelBRdoken t ok
beconme negativie or nbitickethi s ad
allows for dif

di t MomBRtqkehboeketsize (MinBRtbs)

ferent variants d
I mpl enent ati on

R

f t oMenBRittkPtoken arrival period

gome WIRU s Zi@hBRIapRNt

s. For exanple,
N%@@%Bea%?h”er M%EQR%%@ St
t okens to send

rrrcrent NnUNOREin®R

a pac er ed
of token buckets w Iﬁl%ket

S O ERR LR BB tE 7 CMinBRtbs)

MinBRinter-token arrival period

(MinBRitap)
Non-GBR bearers | aMBR token bucket aMBR
aMBRtokenbucketsize (aMBRtbs)
aMBRinter-token arrival period
(aMBRitap)
Table 3
[0049] It is possible that a large number of parameters may need to be

signaled through the RRC message at the

RB establishment or modification

stage. Since token bucket related parameters are semi-static and do not need to

be updated in every grant, if token bucket related parameters have to be

signaled, the network does not necessarily

need to include those parameters,

(e.g., bucket size, inter-token arrival time, and the like), in every grant. Instead,

the parameters can be signaled initially at the RB establishment or during RB

modification. If any of the token bucket parameters described in Table 2 or Table

3 need to be updated, then only those parameters need to be signaled from the
eNB 220 to the WTRU 210. Accordingly, utilizing the parameters described in

-11-




all ow the WTIRU 210 to send the packet as long as the
nunber of tokens is greater than 0. In the latter

wo pBaness at i on, the token bucket is allowed tRPCHESINE003240
negative. Wiether a token bucket inplenmentation allows
for negative tokens buckets or not can be an

Tatddi2 iaada8, sheyoapabifity af alietWTRUVZ10, suthels &feadF&Uand/or

210 th ter to the eNB 220, or with
K3 mﬂglé'g%ﬁ’fng?’g Hgfie?%%gg times fhat e VIR ¢ilQ capsuprest, and

th€4RiniAueP TRAAR b Bm@im ﬁhmlsiz'ég;hgwrﬁtﬁf’lob% support, and the
supported. [ 0048] Tabl e 3 bel ow shows exanpl e

likgy @keﬁlgmﬂ%dref‘er sxamate ithesebparamptetscmay rbeasjgnalned rattthe RB
el ' | t
eL BRI Gk SRR Rer B ek ep it vt i penfgation

mbssagegnal ed through the RRC nessage at the RB
est abl i shment or nodification stage. Since token

[085%ket r dsArealtpemative: tortheparametersedefined infbakles Asnd 3, a
taBFeeﬂl élob(pgr éﬁ%‘i‘ﬁlteﬁdfoh Rat KB w3t 'atiffexleilt tvgﬁ%@logg Colf %Lal%h token

rel at aneters have to be Si
buﬂ:hetsreiatednmma lqbelmbwhthondeml (Iﬂhe 1hﬂe>s ef @aﬂ:amkbﬁ rrslated

ize, i nter-to and th
parRjeiyer ) SRR et 15 okbalrd. RhandSh mar Al amoviied for
diffb e ceshbimd tidrd dftoRén }élﬁtéaB;})]aﬁ%@&bfs%%ﬁé RE, whreddly one
RB nodification. If any of the token bucket paraneters

index fqr; thay RBys Telated tzok@p Paremetersrissignalede T@pdzﬁremeters for

AR R RSB Ba BOCR L e e

tableefqrasigneling pupssssi be’dternél"abélg, Anaimillel, mialpebe pr0v1ded for

. abi it f the WIRU 210, ..such "range" ang/ or )
TR e ratetereRsrers St DErngOp S inthas cmble. Hhever, if
th¥eRid Iy e st V\%ﬁiam@d&@s teGBR b MBRNGY Sfe W't‘ﬁ@ﬁ‘ these

bucket size the RU 210 can support, and the |ike

pazametsrg san be predefinadysyrl as imhestandardeanst sgnaljngimay not be
reﬂhﬂf@fi‘.l ﬁgco?amtg}lj}e, tﬁgmdex may include parameters related to one RB or for

parameters that are related to multiple RBs.

[0051] The WTRU 210 may also store token-related parameters locally and
communicate appropriate parameters to the network. For example, the WTRU
210 may have its own implementation-dependent token bucket size, inter-token
arrival period. In this case it may notify the network through signaling these
parameters if necessary. In one example, the signaling may be in the form of a
WTRU capability information report.

[0052] Although features and elements are described above in particular
combinations, each feature or element can be used alone without the other
features and elements or in various combinations with or without other features
and elements. The methods or flow charts provided herein may be implemented
in a computer program, software, or firmware incorporated in a computer-

readable storage medium for execution by a general purpose computer or a
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establ i shnent or nodification stage through an RRC

connection re-configuration nessage. [0050] As an
w@bkdsnn2ssd ve to the paraneters defined i n Tabl PGT/RSZNg003240

3, a table may be predefined for each RB with

different variations of each token bucket rel ated

prpégsaoe tExarhples bfcondpliferirsshible Stoeagdiediuahs Brhided Dread only
rel at ?ﬁ@ raneter for that RB nay then be signal ed. An

memAEK @aﬁs@%@%@s%saéaemew r BrESBeRCASRS Girgnory,

se%caﬁsﬁ&ﬁﬁéﬁkﬁydmeé%gﬁfggggﬁg BledBEudihs Rbehe] RAIYdigRSand

I ndex for that 'RB's r en paraneters 1Is
regioyablecdiskS,hmagnetargitieat nfedia, GBI optichl medigBRchsascGDaROM

.GBR and,. t oken, bucke nay share one index table
d‘% aga&\%’ll%? ‘@erﬁﬁ?]ﬁo‘ﬁé@. hiyll)é)r natively, an index may be
[0053)vi ded Suabll hriocReRbts fnRkRIe, b malyest eRAMMIELEner &) purpose

different RB's into one table. However, if there is

PregAsyol ASPseial BRIRese Pretessos, # 6enERRional pRResor ghdigiip] signal

. _defi ; i .
5o 1590, BOIGERISTS oGS 155 4 P gp ot plor
asAadiatiah pgthya DSRcdragesonteollerna mice cqetralie, Applicatieon Specific

A O DR .

arlyokt8er £yfeadfattdpRh REd RSt (107, rdYorasba€ BRIKAL €
appropriate paraneters to the network. For exanpl e,

(009 WrRUAZIOCeRsgT inedasOfintion WHth saitvearernay benserbisdmpament
o RS RUEES  BlBre Rl AS- AR E MhoBR e U 1T,

used equipnesT (UE)necassal; basd statioe, Iaﬂ_iimpébw,o_rk hmtS'bljquIleiN’@), or
oo, VR s BT bR T e Bodules
infilSRehRAIARMNEvAR AR1/8) §9flv@dre, such as a camera, a video camera
module, a videophone, a speakerphone, a vibration device, a speaker, a
microphone, a television transceiver, a hands free headset, a keyboard, a
Bluetooth® module, a frequency modulated (FM) radio unit, a liquid crystal
display (LCD) display unit, an organic light-emitting diode (OLED) display unit,
a digital music player, a media player, a video game player module, an Internet
browser, and/or any wireless local area network (WLAN) or Ultra Wide Band
(UWB) module.

[0055] Embodiments

1. A method for uplink (UL) starvation avoidance implemented in a

wireless transmit/receive unit (WTRU).

2. The method of embodiment 1, further comprising determining a

current buffer status information.

-13-



conbi nati ons, each feature or element can be used
al one wi thout the other features and el enents or in
we asauR3xonbi nati ons with or w thout other feRCT/UER08/003240
and el enents. The nethods or flow charts provided
herein may be inplenmented in a conputer program
sof t3nar e A afethod mseincahy preqedimg @ehbodirdent, further comprising
conputerreadagggéstorage di um f or executionegé %¥
reperEng R cPtepb bulfep sintpe infarmatien te a8 svolved Aigslec (RHB).
conmput er -r eadabl e storage nmedi uns include a read only
menory (ROM), a random access nenory (RAM, a
r egidst er A ozethed msnimr gny prededingl eotbodinent; rfurthevicosmprising
magnet i c ia suc s internal hard di ks an o s
rof R P e S A Rorbetstt PReemtian dbaes n d8fsrminption of a
nufiBéroftekEnas WPRBOMagiaslemubitd. di gital versatile
di sks (DvDs). [0053] Suitable processors include, by
way of exanple, a general purpose processor, a special
purgose prachsyi Sif¥reinth Qi
Si g%gI p?‘o@gssor S(‘B%B??’Qg&gﬁﬁgﬂ’?@%?ﬁ ein'a dtButter
statwsrioforocasmoine]udes énformabioa for at lyastoms satis bearer (RB).
association with a DSP core, a controller, a
m crocontrol l er, Application Specific Integrated

G r @i t s A(Stedas ifila@lyrEéASERBEY g At eheNbindYdurrent buffer
(FPGAs) circuits, any other tfype of int egr ated circuit
(0}

status)informptinn mckydes dnfogmiation. for aphugalilp obB8ssor i n
association wth software may be used to inplenent a
radi o frequency transceiver for use in a wirel ess
trarism t Armetliodeasiniany(priddeding embsdimgut pherdin @ldejermination
term nal, e staf] radi o network controller
of (D 0f A tiod VLB T ACRBIRRS PR b duarany token
bucRBL K26 h:080 MhithodORB! es, i npl emented in hardware
and/ or software, such as a canera, a video canera

nodul e, a vi deophone, a speakerphone, a vibration

devige, . ] VAR

rascei uBBARELe infhal SEORIARENRLEHR L LA 2 foien bucket
size is for any of the following: a guaranteed bit rate (GBR), a maximum bit rate
(MBR), and/or a prioritized bit rate (PBR).

9. A method as in any preceding embodiment, further comprising

reporting an aggregate number of tokens for a plurality of RBs.

10. A method as in any preceding embodiment, further comprising

triggering a reporting.
11. A method as in any preceding embodiment wherein a report

triggering includes a value of tokens for an RB being reduced below a predefined
threshold.

-14-



Bl uet oot h(r) nodule, a frequency nodul ated (FM radio

unit, a liquid crystal display (LCD) display unit, an
woeer@sninid i ght-em tting di ode (OLED) display upit/USmo8/003240

digital nusic player, a nedia player, a video gane

pl ayer nodul e, an Internet browser, and/or any

wi r @2essAlmethlod as ém ang pyevel ing\Wrbddiorentivheseiidarisan Guffer

UVB) . nodul e.. [0055 odi nent s A et hod for

Stémsi%%rm@smg? s }Jb‘ﬁggmuaaﬂ%@l%wém% Pin a

wireless transmt/receive unit (WIRU). 2. The net hod

of enbodi nent 1, further conpyisggg determ ning a .
cur d8nt Hurmpethod patinsamh peecedinigopmbodiment; Hexthas cpmprising

. ) - ‘ h b .
reBSRl S W BB SPUTE Bhougtl lodRb R RIES SRR sk ac
led3t(cablpackdt. A nmet hod as in any precedi ng enbodi nent,

further conprising receiving a grant from an eNB
wherein the grant includes a determ nation of a nunber

of fygkens aWddabty AGF pRateding embodIRIMO fuithel RoMP¥ising

precedi ng enbodi ment wherein a current buffer status
evahfadinghuféer statisudes information for at |east one

radi o bearer (RB). 6. Anethod as in any preceding

enbodi ment wherein a current buffer status information

I nchedesAi fifettidthts dA 419f peedeliigabinbydidherBFurther comprising

Anet had as in any precedj ng enbodi nent wherein a

trapsmaitHpg 2t 8T8Rt 5eduesh hasrd upan ap REpIakioppRe hiier status.

accurmul ate is based on a current token bucket size for
at least one RB. 8. Anethod as in any preceding
enbdbi neAt metlzodeps in amgk prededizigeembodiment, further comprising

calculating buffer status.

17. A method as in any preceding embodiment wherein a grant request

includes at least one bit.

18. A method as in any preceding embodiment wherein a grant request

further comprises a plurality of bits.

19. A method as in any preceding embodiment wherein an at least one

bit indicates at least one attribute of at least one radio bearer (RB).

20. A method as in any preceding embodiment wherein a grant request

includes at least one token bucket parameter.

21. A method as in any preceding embodiment, further comprising
determining whether or not a value of tokens for packet transmission in a token

bucket exceeds a threshold value.

-15-



size is for any of the follow ng: a guaranteed bit

rate (GBR), a maximum bit rate (MBR), and/or a
w@roosninszed bit rate (PBR). 9. A nethod as i nP@Nys2008/003240

precedi ng enbodi nent, further conprising reporting an

aggregat e nunber of tokens for a plurality of RBs. 10.

A nmethod as in any precedi ng enbodi nent, further

CoOmMp,i sing trjggeri.ng a reporting. .11, A hod as in. .

oy 28t oc BpitshERES dRent PrFE e SinboBsBrRS dhrges o mprising
trafhitH8s o8 WaltuReackokens for an RB bei ng reduced

bel ow a predefined threshold.12. Anethod as in any

precedi ng enbodi nent wherein a current buffer status

I nf gpmat iyon. | e f c AC V. -
0 ST OB} 55, B R BRSN 8, fyer comprising
sublietingRintalué of tdkehs fiompa itskdipbuicked equivglantttatesizé of®n at

by whi ch enoug t%kens woul d be accunul ated tosend at
leagtpne topmsigitedpackel. A nethod as in any preceding

enbodi ment, further conprising evaluating buffer

status. 15. A nethod as in any precedi hg enbodi nent,

f ur 24er Aompthodiasgntanaprededingiembodyment whayeasa subizading a
| uat i f tus., 16 t.hod
vt OB GReRY Bl h Beal bufsdited S hRblibinet br 1kl wAfEh o

calculating buffer status. 17. Anethod as in any
pr ecedi n%oerrbodi ment wherein a grant request includes

at %ast Aofethed asiip anyrprersding epbodyens dugidieR gomprising
reEPRE I B SRRESh PafarétdP indi&HHESE minimum number of tokens for

packet transmission in a token bucket.

26. A method as in any preceding embodiment, further comprising
determining whether or not transmitting at least one packet will reduce the

number tokens in a token bucket below a minimum number of tokens.

27. A method as in any preceding embodiment, further comprising

transmitting an at least one packet based upon a determination.

28. A method as in any preceding embodiment wherein a configuration
parameter indicates the minimum number of tokens for packet transmission is

less than zero.

29. A method as in any preceding embodiment wherein a configuration

parameter explicitly indicates the minimum number of tokens.

30. A WTRU configured to perform a method as in any preceding

embodiment.
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further conprises a plurality of bits. 19. Amethod as

in any precedi ng enbodi nent wherein an at | east one
whrdosiimBrat es at | east one attribute of at | eRSI/USIVE8/003240

radi o bearer (RB). 20. Amethod as in any preceding

enbodi mrent wherein a grant request includes at | east

one token bucket paramster 21. A nethod as in any

precedi n odi pent , ther c ri sing determnin
whetHer %Pe%'tmy Qfaqlﬁléo %@Qn@lr‘r?p Hg?é'é?tmg a TeCeiver.
transm ssion in a token bucket exceeds a threshol d
val ue. 22. A nethod as in any precedi ng enbodi nent,
fur t3ﬁer SoWIRYi asgint any ofiienthiodgments| &8, furéheraciaprising a
¢ net hod as in any precedi ng enbodi nent, further
r%%%ﬂ ing subtracting a val ue of tokens froma token
bucket equi valent to the size of an at |east one

transm tted packet, 24. Amethod as in any pr ecedi ng
“%E;‘%Uea%maagwf eshodigent s\/%ﬂ' gé, Birtheseqaprising a

SHE T A

as In any prece ment ,
further conprising receiving a configuration paraneter

i ndicat i i.ni num nunber. o e 0 acket

Lt afidn <8 B s RGBS eroRGmeRtS SR SERBF S Preegsipr is
coRfigGRMA todctsinieEirreAt B i@ sta A i idiet er m ni ng

whet her or not transmitting at |east one packet wll

reduce the nunber tokens in a token bucket bel ow a

i Niggum UWUCQCS iho ;hﬁnéf [ﬁZOdlﬁleqRE BB A behlﬁryProcessor is

pr ecedl ng odi nent, er conprising transm
coafigated txaa&eportrtmrmixtl&nﬂfeb aSainis upfonmatidatte ram eMBi on.

36. A WTRU as in any of embodiments 30-35 wherein a processor is
configured to receive a grant from an eNB, wherein the grant includes a

determination of a number of tokens the WTRU may accumulate.

37. A WTRU as in any of embodiments 30-36 wherein a processor is
configured to configured to include information for at least one RB in a buffer

status information.

38. A WTRU as in any of embodiments 30-37 wherein a processor is
configured to include information for a plurality of RBs in a buffer status

information.
39. A WTRU as in any of embodiments 30-38 wherein a processor is

configured to determine whether or not a value of tokens for packet transmission

in a token bucket exceeds a threshold value.
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28. Anethod as in any precedi ng enbodi nent wherein a

configuration paraneter indicates the m ni nrum nunber
wobomsakrss for packet transm ssion is | ess thaPCRER08/003240

29. Anethod as in any precedi ng enbodi nent wherein a

configuration paraneter explicitly indicates the

m niddum AUWTRRUGfs inokensf erdbodifneMRI0BINWhetdifth processor is

performa nmethod as in any precedi enbodi rren‘;t. ﬁl.
configu trnsIpit 34 iensh pngpacket d qubﬁfﬁlai‘éﬁlﬁﬁo okens from a
tok&E BLMEt eqitvalbnt/ T tedtzd &F tHB 4t Mast BRO¢rdTRM ittedfradket.

urther conprising a transmtter. 33. A WRU as 1 n any

of embodi ments 30-32, further conprising a processor

i n cqQnmuni j.on with the regeiver ang the . .
traddm + AoV TRIZ 3s i ot EbBhts P Eh iBrein dhe subpragting
theRaled of RkRHS ER%S thie tekeadiicket! F&thickO tiskehaidPen8f fokens below
current buffer status information. 35. A WIRU as in
zeghy of enbodi ments 30-34 wherein a processor is
configured to report current buffer status information
to an eNB. 36. A WIRU as in any of enbodi nents 30-35
wherd@i n A WARIEas or angofemibbadiments 30341 ehereain azhgeshold value
. fram an eNB, in the.grant includes a
is e R g b 1 ERUEbNa raer R topanetel Wrry may
accunul ate. 37. A WIRU as in any of enbodi nents 30-36
wher ein a‘%rocessor is configured to configured to

i ncdde AnVdHH@sdn angrof gmbodiments #9-RBwihgreint gondiguration
t | ' . .38, A WIRU as in any of
paZ%%ggigrﬁé%E@ag%ﬁ Eg&\llﬁ%é?ei na pr oceslsor i>s/

44. An eNB configured to perform a method as in any of embodiments 1-

29.

45. The eNB of embodiment 44, further comprising a receiver.

46. An eNB as in any of embodiments 44-45, further comprising a
transmitter.

47. An eNB as in any of embodiments 44-46, further comprising a

processor in communication with the receiver and the transmitter.

48. An eNB as in any of embodiments 44-47 wherein a processor is

configured to receive a current buffer status information from a WTRU.

49. An eNB as in any of embodiments 44-48 wherein a processor is

configured to determine a number of tokens a WTRU can accumulate.

-18-



configured to include information for a plurality of
RBs in a buffer status information. 39. A WIRU as in
w@rgosni22esrbodi nents 30- 38 wherein a processor PGI/US2008/003240
configured to determ ne whether or not a val ue of
tokens for packet transm ssion in a token bucket
exc&ial:is Arn BNBsaofinl v\,f?m' of erdifbdivheMTRYMY A9 Wheiﬁfﬁﬂ aOﬁrogessor is
enbodi ent s 30-,39 rei ocessor is configured to
COngHE to %@F%gﬁétﬁ&% U-and subtract a val ue of
tokens from a token bucket equivalent to the size of
the at least one transmtted packet. 41. AWIRU as in
any of enbodi ments 30-40 wherein the subtracting the
val ue of tokens fromthe token bucket reduces the
nunber of tokens below zero. 42. AWIRUas in any of
enbodi nents 30-41 wherein a threshold value is
indicated to the WIRU by a configuration paraneter.
43. A WIRU as in any of enbodi ments 30-42 wherein a
configuration paraneter is signaled explicitly. 44. An
eNB configured toperforma nethod as in any of
enmbodi nents 1- 29. 45. The eNB of enbodi ment 44,
further conprising a receiver. 46. An eNB as in any of
enbodi nents 44-45, further conprising a transmtter.
47. An eNB as in any of enbodi nents 44-46, further
conprising a processor in comunication with the
receiver and the transmtter. 48. An eNB as in any of
enbodi nents 44-47 wherein a processor is

-19-



configured to receive a current buffer status
information froma WIRU. 49. An eNB as in any of
weedpsdiazent s 44-48 wherein a processor i s confPQUSINOE/ 03240
determ ne a nunber of tokens a WIRU can accunul at e. 50.
An eNB as in any of enbodiq?ﬂ&ﬁwé4-49 wherein a
processor is configured to transmt a grant to a
WHARIY dlhithedSisvhat is clainmed is: 1. A nethod for upl i nk

(UL) starvatlo voi danc npl enent ed | | ess
trafsn t ArBediasloR stapvation, aswgance foApRted in

witelesd Ex%'ﬂ%nf?ﬁéc@fveﬁhﬁ% R TRU)OESMRbtiSfhg: F €POr ting the

current buffer status inforfation to an evol ved Node B
( eNBpterandingz cimient) baﬁ'gr atmtus’. mdormhataomsNB, wher ei n t he

OF g5 ) SB-PIR TR oR R Rode

(emmbe&@dn t he current buffer st at us |nfornat|on
includes, information for_ at | east one radi o bearer
(RByecedvingha @eRbdirem dhai ANB. whessin the gtantedncludes a

I for a
deb b aroh U Ay er SO, DIWIIET m) ReTBa. [ P
determ nation of the nunber of tokens the V\7I'RUmay
accymul a i s base urr.e toke ze. for
o Bt hnatewtod ot P uert the SO SR TS Rlachs fifptrBicion
intloKes ilfuEketios ! if@eat l%aét%ne&%&h&ﬁ&n@f (RBE fol | owi ng: a
guaranteed bit rate (GBR), a maximumbit rate (MBR),

and a prioritized bit rate (PBR).
3. The method of claim 2 wherein the current buffer status information

includes information for a plurality of RBs.

4. The method of claim 1 wherein the determination of the number of
tokens the WTRU may accumulate is based on a current token bucket size for at

least one RB.

5. The method of claim 4 wherein the token bucket size is for any one
of the following: a guaranteed bit rate (GBR), a maximum bit rate (MBR), and a
prioritized bit rate (PBR).

6. The method of claim 1, further comprising reporting an aggregate

number of tokens for a plurality of RBs.
7. The method of claim 1, further comprising triggering the reporting.

8. The method of claim 7 wherein the triggering includes a value of

tokens for an RB being reduced below a predefined threshold.
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6. The method of claim1, further conprising reporting
an aggregate nunber of tokens for a plurality of RBs.

w0 2008he2s®et hod of claim 1, further conprising PCT/US2008/003240
triggering the reporting. 8. The nethod of claim?7
wherein the triggering includes a value of tokens for
an RB being reduced bel ow a predefined threshol d.9.

The gret hqtheQhethb@bfe1dih € iieReih RBe %EMufﬁ#fs{eﬁ:ﬁs $if8tHStion

information includes buffer occupancy (BO

inchiides huffen accupgncyr (BO hinferamatidn.cl ai m 1, furt her
conprising reporting a target tine by V\,hi ch enough
t okens woul d be accunul ated to send at | east one

packet . The ofethivd bhelain®ll, fupthen orhpki3ingtrapotding@itarget time by
avoi dance inplenmented in a wireless transmt/recelve
whichenopghrtpkensghpplddheppcumplated it sgnd at feast epapagketangd
transmtting a grant request based upon the eval uation

of the buffer status. 12. The nethod of claim 11,

f ur tider Aompthai fog updindu(UHy)i stgrvatmnbaNdidancetiaiplemedBd in a

thod f claim. é%wﬁ&&)el n the rant request
Wﬁrﬁ FY @?5311 feézﬁgvtelblﬁ 13f°m?ﬁ‘§ ot hod of clai m 13
where@hluadtiigy Wifftstanmyasd further conprises a
plurality of bits. 15. The nethod of claim 13 wherein

t he teANSNAAENE oheTant reqver heees Hponp dhetevahatian of bag duffer
stQt{u gt least one radio bearer (RB). 16. The nethod of
clai m 11wherein the grant request includes at | east

12. The method of claim 11, further comprising calculating the buffer

status.

13. The method of claim 11 wherein the grant request includes at least

one bit.

14. The method of claim 13 wherein the grant request further comprises
a plurality of bits.

15. The method of claim 13 wherein the at least one bit indicates at

least one attribute of at least one radio bearer (RB).

16. The method of claim 11 wherein the grant request includes at least

one token bucket parameter.

17. A wireless transmit/receive unit (WTRU), comprising:
a receiver;

a transmitter; and
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one token bucket paranmeter. 17. A wireless
transmt/receive unit (WIRU), conprising: a receiver,;

w@2amsamds tter; anda processor in conmmuni cati oPCTMIB1908/003240
the receiver and the transmtter, the processor

confi gur -ng. a cyrrent buffer at us .

ot Pt Eek th SEhAIHiORih GBIl re e i Hansmitter, the
protdseorainifignrédtedeternineeteuNoeie Haffee MRtus aifdrmatieh epért the

grant. fromthe %gghﬁmherein the _grant includes a

cureqrey b ifer stahusot aitpR o om evokeats Node BrfediBirnd receive a
graft Wi elfeNBBwhiiin YHEL At iﬁ&lgﬂgé 4 Qe i hﬁox{g Bfa number of

processor is further coRfigured to include I nformation

tokems thte WY noapeaccadiwabearer (RB) in the buffer
status information. 19. The WIRU of claim 18 wherein
the processor is further configured to include

i nf argat The WPR Poffdlain@ 1 7 kwhepéinRBe procesbdt i GhftBEr configured
status information. An evol ved Node B (eNB

. . 20. : (eNB)
todngindesinfymatione foxi ateleastaone zadiniheaser (RBYinthy buffer status
inhﬁnﬁ& uni cation with the receiver and the

ransmtter, the processor configured to receive a

current buffer status information froma wrel ess

transm t/recgel uni. t. RU), determ ne a.n r of
orddl ¢ abRIERSY A dnt 1 Srlere S ThE TS il TRRE: Snfigured
totifclude iNbRHatidh fora Phiradidy bPRBdRh itRK btk stitas wabiMation.

avoi dance inplenented in a wireless transmt/receive
unit (WIRU), conpri sing:

20. An evolved Node B (eNB), comprising:

a receiver;

a transmitter; and

a processor in communication with the receiver and the transmitter, the
processor configured to receive a current buffer status information from a
wireless transmit/receive unit (WTRU), determine a number of tokens the WTRU

can accumulate, and transmit a grant to the WTRU.

21. A method for uplink (UL) starvation avoidance implemented in a
wireless transmit/receive unit (WTRU), comprising:

determining a current buffer status information;

determining whether or not a value of tokens for packet transmission in a
token bucket exceeds a threshold value;

transmitting at least one packet; and

subtracting a value of tokens from the token bucket equivalent to the size

of the at least one transmitted packet.
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determining a current buffer status information;

determ ning whether or not a val ue of tokens for
WEawka12283 ansni ssion in a token bucket exceedsP@Er/US2008/003240

threshold value; transmtting at | east one packet; and

subty,act | a yval,ue ,of kens fromt t pken, bucket

canrar onaRetiRe 08 Bim 20 i ein SRRt REE POV b torens
froacketolReh budlet Fedlied thé nthiieiol toleasdelow Béro.

subtracting the value of tokens fromthe token bucket

reduces_the nunmber of t_okens b_eI ow zer o. 23. A met hod
for 24pl | Mmoo i (‘iﬁ,)as\é%%@\%b%e JORRAEAER et in 2
Wi reless transmt/recei ve unit LB conpri si ng:
wireless triamgmat/cemeivegumiba { WIR Pacamptising: ndi cati ng a
m ni rrum.nunberaﬁf t gkens foreégack(?t tt.ransrri.ssi on in £
t ok SR°PUITRET €0 %‘éﬁa?‘ﬂ% RYrampeehapaisetinegd H"B}E\W’tf‘_ er o
toRénd B2 PacRtranskadsion inl a tRdutuckBg nunber tokens in
t he token bucket bel ow the m ni nrum nunber of tokens;

and determining whgtherornot teansmisiies phisest opapagkefypil reduce
the I}ﬁnqgérel{oﬂéﬂéﬁﬂ Pl t(ﬁ;%n bytkel'b lggldtht%fenslﬂlﬁidﬂl %m%ro?ltgkens;

the configuration paranmeter Indica e mninu
amunber of tokens for packet transmission is |ess than

zerqQ. 25.. The t hod of clai,m 24 erein the ..
congf"g‘}ﬂ“&WBﬁ tﬁgaaf@ﬁg Pn%Rﬁ?l?e&%laF‘é}T PReR g‘é& g'étem‘énatmn-
m ni nrum nunber of tokens. 26. A wireless

transmt/receive unit (WIRU), conprising: a receiver;
24. The method of claim 23 wherein the configuration parameter

indicates the minimum number of tokens for packet transmission is less than

Zero.

25. The method of claim 24 wherein the configuration parameter

explicitly indicates the minimum number of tokens.

26. A wireless transmit/receive unit (WTRU), comprising:

a receiver;

a transmitter; and

a processor in communication with the receiver and the transmitter, the
processor configured to determining a current buffer status information,
determine whether or not a value of tokens for packet transmission in a token
bucket exceeds a threshold value, transmit at least one packet, and subtract a
value of tokens from the token bucket equivalent to the size of the at least one

transmitted packet.

27. The WTRU of claim 26 wherein the subtracting the value of tokens

from the token bucket reduces the number of tokens below zero.
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a transmtter; and a processor in conmunication with
the receiver and the transmtter, the processor
weomBitgp2esed to determining a current buffer stBCTES2008/003240
i nformati on, determ ne whether or not a val ue of
tokens for packet transm ssion in a token bucket
exceeds a threshold value, transmt at |east one
paclkest, Thd WIBRU afdlaian 26iferein thekBnsshbIdvalubes indi@fied to
bycket equivalent to the size of the at |east one
the WERY by agopHigreatiomparamelessTRUof ¢l ai m 26 wher ei n
the subtracting the value of tokens fromthe token
bucket reduces the nunber of tokens bel ow zero.28. The
WIRGSE ¢ TaenWIR W robaim CRewhéredss thé donfiguration parameter is
.inqiéat .1,0 the WIRU by a configuration paraneter.
SIFACGFEPYRY of cl ai m 28 wherein the configuration
paraneter is signaled explicitly.
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