WO 2011/ 038768PCT/ EP2009/ 062773 1 DESCRI PTI ON TI TLE A METHOD AND APPARATUS
TO CONTROL SCHEDULI NG 5 This disclosure relates to scheduling of data

bet ween ngbworiseleenment s such as in conmuni cati on syst ereTardodoss2773
particul ar but not exclusive applicatian to the control of transm ssion of
schedul i ng requests between a user equipnment (UE) and a 10 base station in
cel lul ar conmuni cation systens. A commrunication systemis a facility which
facilitates the comruni cati on bet weenrtrw@Tor nNore entities such as

comuni cati on devices, network entities and ot her nodes. A comunication
system may be provided by one nore interconnected net- 15 works. A

communi cati on device can be understood as a device provided with
appropriate conmuni cati on and controlrrcapabilities for enabling use thereof
for conmmunication with others parties. The conmunicati on may conprise, for
exanpl e, comuni CatNIIH@T AN GEPARATGIS o CCONi RO eSHEDYL INXt nessages, 20
data, nultinedia and so on. A conmuni cation device typically enabl es a user
of the device to receive and transmt communi cation via a conmuni cation
system and can thus be used for accessing various service applications. 25
In cel lulgy ssyasfsedﬁ%s%r%etﬁ’&raﬁ %mﬂcf ysc%]ﬂec“ﬁr{c%orc% Fatdy %&@wééﬁt+8@w8£19v' des
a node for communication w th nobi evices 1n one or nore cells. A base
statlonleiaMHnm$r$ﬂ@hreﬂ io asmauhbodeiBh. sTherasarendranys dodferentar

t echni ques for_grocess- for transm ssion between the base

ng s
station o usert %U?BﬁgﬁFatW& Eql iHr&t I?ém&dféijat?%ntﬁ?nsamb%@eon

station &f¥ scheduling requests between a user equipment (UE) and a

10 base station in cellular communication systems.

A communication system 1is a facility which facilitates the
communication between two or more entities such as communica-
tion devices, network entities and other nodes. A communica-
tion system may be provided by one more interconnected net-
15 works. A communication device can be understood as a device
provided with appropriate communication and control capabili-
ties for enabling use thereof for communication with others
parties. The communication may comprise, for example, commu-—
nication of voice, electronic mail (email), text messages,
20 data, multimedia and so on. A communication device typically
enables a user of the device to receive and transmit communi-
cation via a communication system and can thus be used for

accessing various service applications.

25 In cellular systems a network entity in the form of a base
station provides a node for communication with mobile devices
in one or more cells. A base station is often referred to as
a ‘Node B’. There are many different techniques for process-—
ing signals for transmission between the base station and the

30 user equipment. Typically the operation of a base station ap-
paratus and other apparatus of an access system required for

the communication is controlled by a particular control en-



paratus and ot her apparatus of an access systemrequired for the

comuni cation is controlled by a particular control en- WO

2011/ 038As6RCII/(BRPZB09/ 062773 2 tity. The control entity PETIEPPIOALITY3

i nterconnected with other control entities of the particular comunication
network. 5 A non-limting exanple of a type of access architecture is a
concept known as the Evolved Universal Terrestrial Radio Access (E-UTRA),
whi ch i s tgant. of Thkee dhit b Geparation Pattpeesbip Prejeecionnenrgcberwith

Evol ution (3GPP LTE) standard. 10 The invention_has particul ar. but not
excl usi ve i caFon! t 678¢he86! iy FRYuBSETLSR)2Er &EMESIGH ¥ Yo @t user
equi pment, 4, a base station, e.g. to an evolved node B (eNB), e.g. for the
pur pose of requesting resources and scheduling uplink packets. In E-UTRA
systens, a SRis transmtted on the Physical 15 Uplink Control Channel

(P sinnc%_ edi cat ed resouy cesfv\,hi %h arefal | ocat ed tq}'at er qul:li prent
(UE), “such a no i e StatTon T on A r%guP/gF B)asiascc(els.se.arvﬁ e certairh ¢
peri odi cidot)lcepbhe SR Sad r ansnkEt/bedeas taikesulall ofe destusier egud pirent -

wi shing to transmt data in uplink. 20 In addition, in E-UTRA systens, a
buf fer stC&Sfs (Fepo?)(BSRLGHs it iRpyer &t i e hEN U | $erfatal 577 i Vest it s
buf fer whigh, has A Ghel Bid.81 o 1khand e dial a pnedousiAvai | abl e for

transm ssion, or new data arrives in an enpty buffer. Ac- 25 cording to

current nethodology, if the UE has no allocation available on the Physical

Upl i S d Ch | (to t mt d link) f the Ti T 1,SSi
"t e al PTG RE BSR S T PiGae it heR o (GRS A gger ad" Whon 1 he

uplink dafanddafifie degyieasy (dBUr stnanhsnchariast efdsed sdheduiemnesd quent
transm ssion of small packets, e.g. in voice applications, user equipment
may al nost @6 iSHEdusIty 1r-@nsifid SRSV HVie Il\éf\igﬂ $ ofeNFansvissifor dfheSRs

causes problens asei pdhgated-erelnaliel M0 20414038758RETA ER2009/,062773

ets. In E-UTRA systems, a SR is transmitted on the Physical
15 Uplink Control Channel (PUCCH) using dedicated resources
which are allocated to a User Equipment (UE), such a mobile
station, on a regular basis (i.e. with a certain periodic-
ity). The SR is transmitted as a result of the user equipment
wishing to transmit data in uplink.
20
In addition, in E-UTRA systems, a buffer status report (BSR)
is triggered in the UE if data arrives in its buffer which
has a higher priority than the data previously available for
transmission, or 1f new data arrives in an empty buffer. Ac-
25 cording to current methodology, if the UE has no allocation
available on the Physical Uplink Shared Channel (to transmit
data uplink) for the Time Transmission Interval (TTI) where
the BSR 1is triggered, then a SR is triggered. When the up-
link data traffic is very “bursty”, characterised by the fre-
30 quent transmission of small packets, e.g. in voice applica-
tions, user equipment may almost continuously transmit SRs.
High levels of transmission of SRs causes problems as indi-

cated hereinafter.



Enbodi nents overcone the aforenenti oned problens to provide efficient
schedul i ng request control. In one enbodi nent of the invention is provided
a met hod wb 2b11gskmdul i ng resources in a comuni cati ons IPCmEPRVENE1I7A3
schedul i ng requests are transmtted froma first entity to a second entity
conprising; determning if any of the followi ng conditions exist: the tine
el apsed since the |last scheduling request exceeds a designated period; the
upl i nk r emdgcEnenit sllcexceetls anpr erfdeteeianigiethd®viet b Dems efb- parsiisieent
schedul i n rant is configured; or data arrives on a |ogical channel and a
nmaski ng éiﬁ%ﬁ&ti%?hﬁﬁ%l%ﬂﬁiqqq%ﬁit SPPreésisi ng the transm ssi on and/ or
triggering of scheduling requests. 15 The first network el enent nmay be a
user equi prent and the second entity may be a base station. Determning if
t he upli nk recgi eehedinerceeds Eheceitaent Leveli smayr comprd se ingghtidf yifng t he

start_.and/ or d periods of data 20 spurts in.burs raffic.. The. bursty
raffPe m B0 VaTee TIPS of Vol BOBAP BACKATS. FRY SEREGIM Ny Paluest

may be suppressedyidstdhesrunbesnohitie® Transal $si-e0 katervaks e@r sec-
sub-frames that have el apsed 25 since the previous Uplink Gant is |ess
than a prédet @t hed CPAPEGEL NFal WHEterRel sidkedufi R§Yr dtueShemdyp P ing
suppr essed Jd; L nuibete o Ji s 1 80581 $5408: hBkeEKal § 0 Shiiddiangs, that
have el apsed 30 since the previous scheduling request is less than a

pr edet er menpe stntegeredal ae desigThe eidntregerodsal tiee maplvaky r@cpondinegtt o

trafg'c tgpe, Ease statjon or. cell Ioag or the periodicit f buffer status
re-3 gorﬁype 50 PL0: 2 0G9/ 062 P73 sé%l—per81seéﬁ% séﬁeé%l—
ing grant is configured; or data arrives on a logical channel
and a masking parameter is set; and if so, suppressing the

transmission and/or triggering of scheduling requests.

15 The first network element may be a user equipment and the

second entity may be a base station.

Determining if the uplink reguirement exceeds a certain level
may comprise identifying the start and/or end periods of data
20 spurts in bursty traffic. The bursty traffic may be voice

traffic or VoIP data packets.

The scheduling request may be suppressed if the number of
Time Transmission Intervals or sub-frames that have elapsed
25 since the previous Uplink Grant is less than a predetermined

integer value.

The scheduling request may be suppressed if the number of
Time Transmission Intervals or sub-frames that have elapsed
30 since the previous scheduling request 1is less than a prede-

termined integer wvalue.

The integer wvalue may vary according to traffic type, base
station or cell load or the periocdicity of buffer status re-

35 ports.



4 Suppressing the scheduling requests may conprise not transmtting and/or
triggering a scheduling request or intermttently turning on/off the
transcei wep 20f1/88i6d first entity. 5 In another enbodi nercT@EP2000@61TMYENt i ON
is provided a conputer program conprisiing program code nmeans adapted to
performthe steps of any of the above nethods when the programis run on a
processor and a conputer readabl e nedi um conprising such a 10 conputer
program In one enbodi nent of the invention is provided a network el e-
ment, or processor therefor, adapted to transmt or receive 15 scheduling
request s JUPEE SIS 't i 6ﬁ1§eﬂPﬂ1kPgar¥§qW§\?itﬁg RASANSOTBr sBPpress e s~

triggeri @&tt&&ﬁg@éﬂ&ﬁ&?ﬂtQFLg%@E@H&i on ofh sehedy | pgoheguests sifeany of the
foll owi ng conditions exist: "'the tinme el apsed since the |ast scheduling
request exceeds tamesiograt/ed fpaticod;r e aiplamio r equic et exdeeds a 20

certain predeterm ned | evel; sem -persistent scheduling grant is
configured; or, data arrjves on | ogi.cal channel and a Kin ar anet er
s set . T SRR e Ty e W IerToqu B GH BRe@ R Ton 25
and may haveRansorts Sendf reeed van sehesduhb AgsT 6HEsES Yba dehe Rhy sireal
Control Uplink Channel of an E-UTRA system The network el enent nmay have
means to SarHSysE tHy upl i Bke t 2ladTe cmphbedp nwheni deat PEPIGph AR reguidfement

d/ 0 [ tif f : ts. | t
Craffic. TTRAHIRS vhm 1 o rlyTret vhradabl el peleal cobtastt Rudh & 0Wh
20111 038 taBRUL/EP2008/ 362773 5 franmes that have el apsed since the | ast

Uplink Gant is less than a predeterm ned integer val ue.

In one embodiment of the invention is provided a network ele-
ment, or processor therefor, adapted to transmit or receive
15 scheduling requests in a communications 1link, and having
means to suppress the triggering, transmission or reception
of scheduling requests if any of the following conditions ex-
ist: the time elapsed since the last scheduling request ex-
ceeds a designated period; the uplink requirement exceeds a
20 certain predetermined level; semi-persistent scheduling grant
is configured; or, data arrives on a logical channel and a

masking parameter is set

The network element may be a user equipment or base station
25 and may have means to send/receive scheduling requests via

the Physical Control Uplink Channel of an E-UTRA system.

The network element may have means to analyse the uplink
traffic pattern to identify uplink regquirement and/ or means
30 to identify the start and/or end of data spurts in bursty
traffic. The bursty traffic may be voice traffic or VoIP data

packets.

The network element may have means to suppress scheduling re-

35 quest (s) i1f the number of Time Transmission Intervals or sub-



The network el enent or processor therefor, may have neans to 5 suppress
schedul ing requests if the nunber of Tinme Transm ssion Intervals or

sub- f r amewothato3kmse el apsed since the previous schedul iPog/BPe@u@E1773 S | ess
than a predeterm ned integer value. 105The neans to suppress scheduling
requests conprises neans to intermttently turn/off off its transceiver.
The integer value may vary according to traffic type, base station or cell

| oad or tfeinpey ioditciiavofebubsied statastne- 15por Uplikar Gaabet tier less

under standing of the present invention and how the sane may be carried into
ef fect, réfer endd SHIUSTHIW e 120 Srsde By Weay of exanple only to the
acconpanyi ng drawi ngs in which: Figure 1 shows a schematic presentation of

a comuniGali.on gyst emaharel 0. theobovesti cpeBYobe eahodhed 255 gy e 2
shows a sectioned view of communi cation user equipnent; Figure

i 11 usbrateepronss paydhiccild lamenogieaend of reducumgetrhe fvdlivee TofarSRs;s-30
Figure 4 illustrates a furth;r_gnbodi nt to reduce the volunme of SRs; and,

VO 2011/ G387T68PCHERZ6090 YT E s HATustraEs 80T id° &fsodi nent
of how SRs gty 28SHPRMRS et tBafone explraiming ddudetdiina fieWeger
exenplifying enbodi nents, a brief explanation of wireless access is given
with refé®diee to Figure 1 showi ng a conmuni cati on system provi di ng

Wi rel ess communications to a plurality of comrunication devices 1. A

co IT&IC%ﬁk&@m§§¥éggaléu£8£e§§ag8£8dglggglkgqggg£s comprises means to

intermittently turn/off off its transceiver.

The integer value may vary according to traffic type, base
station or cell load or the periodicity of buffer status re-

15 ports.

For a better understanding of the present invention and how
the same may be carried into effect, reference will now be
20 made by way of example only to the accompanying drawings in

which:

Figure 1 shows a schematic presentation of a communication

system wherein the invention may be embodied;

25 Figure 2 shows a sectioned view of communication user equip-

ment;

Figure 3 illustrates one particular embodiment of reducing
the volume of SRs;

30
Figure 4 illustrates a further embodiment to reduce the vol-

ume of SRs; and,



10 device, or equipnment or a relay node, can be used for accessing various
services and/or applications provided via the wirel ess comruni cation
system Avoammu3swati on device can typically access w r ecesrbyomc2773

comuni cation systemvia at |east one wWreless transmtter and/or receiver
node 10 of 15 an access system Non-limting exanples of access nodes are a
base station of a cellular system for exanple a 3G WCDVMA Node B, an
enhanced rNegde B { eNB) u ot r et ay anagde tok 3@ ddimddongr tieswn exel whaiyome a
base station of a wireless |ocal area network (W.AN) and a satellite
station ofUPRIEAE9 i te 20 based communi cation system The conmmunication
devices 1 may al so communicate directly with each other. The communi cati ons
may be arranged in various manners based on an appropriate radi o access
technol ogy or technol ogies. The access is provided via radi o channels al so

known as ac- 25 ces channels.gggch co ni cation d?VLCE % qﬁ%fhavgrone or

nor e ?adlo cHannef %ﬁﬁﬁﬁ“ﬁtl?h 3&% f%ne?wEgéﬁmg%ﬁnﬁﬁPga-Hiloﬁﬂlélf%e may

be connect as-t1of Nk L1 dhani enecbasa rstiatsisomndd: o 84 Nyl aenentichy . roMeso, a
plurality of communicate de- vices may comruni cate with a base station or
sim|ar, SA%E of 03¢ IUénpt tB1C4EEEs st KETEBHAATar] ofY SYSPemufiva 315¢ sane

base stat;on) APl Akl of ; Gormupi catd Qn femi Cese MY al50.3haLe Qe -

channel . For exanple, to start comruni cations or to con- nect to a new
access sysiteem la pl wahndyl oft commdev cat i bnsfoDexample a mobile user
2011£838Z£§EEE£EB§QOQQQQ%%é%t or a relay node, can be used for ac-
cessing various services and/or applications provided via

the wireless communication system. A communication device

can typically access wirelessly a communication system via

at least one wireless transmitter and/or receiver node 10 of

15 an access system. Non-limiting examples of access nodes are

a base station of a cellular system, for example a 3G WCDMA

Node B, an enhanced Node B (eNB) or relay node of 3GPP LTE

(long term evolution), a base station of a wireless local

area network (WLAN) and a satellite station of a satellite

20 based communication system. The communication devices 1 may

also communicate directly with each other.

The communications may be arranged in various manners based
on an appropriate radio access technology or technologies.
The access 1is provided via radio channels also known as ac-—
25 cess channels. Each communication device 1 may have one or
more radio channels open at the same time. FEach communica-
tion device may be connected to more than one base station
10 or similar entity. Also, a plurality of communicate de-
vices may communicate with a base station or similar, and/or
30 attempt to access the communication system via the same base
station. A plurality of communication devices may also share
a channel. For example, to start communications or to con-

nect to a new access system, a plurality of communications



7 devices may attenpt to nake the initial contact via a single channel, for
exanpl e via a random access channel (RACH). The attenpts to access nay be
made subswenviiaisgysat the sane tine. 5 The base st ati onpt@/ErRoovhe27aEcess
system can be connected to other parts 7f the comunication systemvia
appropriate connections, for one or nore appropriate gateway nodes. These
are not shown for clarity. A base station is typically controlled by at

| east onelcaafprBPmaat eatcotgol 4 @rmappatBt usni1Oibt hiesntsactr we af er sGoMiand
WCDMA. However in LTE and WMAX there is no controller anynmore, but control
f unct i ondaySls di%st r§ BRI t 6 appr 6pPiatecAetwdr kKRererent &Asteh dde
general agGessnodes, hasestations nadeB s,,eNBs, i AP $) -general Iy denot ed
by 11 in Figure 1. The controller apparatus 11 can 15 be provided for
managi ng tafnet.he operati on of the base station and/or conmunications via the
base station. The controller apparatus is typically provided with nmenory
capacity .and.at_ | east, one ta processaor. _Various functional entitjies my
e pr ovi e 1 The Sort Tl 1or s by. HEancesFet REHatacHros 30 Bebreg o0
capabi | i torHhenenfts The frectoanahieatibhesyproni ded iappraerhase sicati on
controller may provide functions relating to radio resource control, access
control , J54CKE! Sdat BOE oRPEXIOTCORPFBI APPEICRF 186t rot Al sBOfePt h.Thgse

communi catiom devigs,, 1 ¢ap be.ysed for yyard ous,t asksisueh25.as ymking and
recei ving phone calls, for receiving and sending data from and tyo a data

net wor k anw Iflerd ekperdenciarst f oneexanpkepriatei nediar of 1 ot herrreortterst . For
exa e, communi cati on devij ma appl icatians vi ded wvi
mfh &hltswolri gﬁ&?onfoar d%%% r?élt%m%(rf ) s’ucﬁgwgvgﬁpllincaﬂgoaps Y’\%/N?‘n%t are

1l
tel epnone ne r a I ons

provi ded thased ion dhecdnt esnetr Panineot, (b)Y ebnamylotthertapproptivaties
protocol. An appropriate nobile comruni cation device nmay be provided by any
devi ce c&batire PRI/ 0BB7EBPETF EPPGGYLEE2 FAF S IHTS atUfeadt SEMHiLTd

and/ or 1 LRl NG, MLE 58581 GRaks chiom e AcressyBy St 8B (Nonzdddp )
exanpl es 1 nclude a nobile station (MS) such as a nobile pﬁone or a smart
phone, a deordtahl eoxcoputier Hraowviaet. wrhle acomtmelldss | mpeafaces caid cam 5

other _wireless interface facility, rsonal data assistant (PDA) provided
o thL T Sire gt SO L4E1 GRTESaT 1151 685 BPoany eom natFone 0k Fése or
the |ike.tiRs shEWIoN Jn@lire ot idrEONTUAIT Gald OPadeVvigeth drs. t ypécaldny-
provi ded with appropriate data processing apparatus, such as 10 at | east
one dat a 'procedsaIPIBIT MUY east L oheCheRDryrdeviee §lis degertysiccaldyy
provi de.d-anﬁ‘eatdaféa%%ﬁés&gg aggoéégﬁég? %@E‘ig!ugs f%%%tQ?n%rlo}/e'n(%%Qi%% an
appropriate circuit board an Tor In ¢ I psets. ferent functions an
oper at i ongymaye hergricdadeth byhai 6ot ent 1ehi pg. mAbher nat ithel yYlatat dreast par -
20 essing capability thereof. The functional entities provided
in the base station controller may provide functions relat-
ing to radio resource control, access control, packet data

context control, relay control and so forth.

A communication device 1 can be used for various tasks such
25 as making and receiving phone calls, for receiving and send-
ing data from and to a data network and for experiencing,
for example, multimedia or other content. For example, a
communication device may access applications provided via a
telephone network and/or a data network, such as applica-
30 tions that are provided based on the Internet Protocol (IP)
or any other appropriate protocol. An appropriate mobile

communication device may be provided by any device capable



15 tially integrated chi ps may be used. Antenna neans 4, a display 2,

and/ or a keypad 3 may al so be provided. Froma del ay perspective, it would
be preferwbl2eitsstsave very frequent SR occurrences (i .ePCrmmedRo62773
periodicity) to inprove 20 the uplink schedul er response time. This could
be viewed as the time between the arrival of a data packet into the UE
buffer and the first (e.g. HARQ transm ssion of the sane data packet on

t he Physigral at)plieaktShasreti richaane) ot PUSCH) vilhe watal packet gaansbe foar

i nstance a Vol P packet in VolP ap- 25 plications. On the other hand, |ow SR
peri odi citi? | 8aHsSEo HiHitusade ot LPRE PP I PLRCH  PEdodFce’. Mapile

addi tion,gidfansni $s50n Qfcid SR wheponot cnesded. by, t he uplink packet

schedul er causes unnecessary interference in the PUCCH SR region (bofh
intra- amdbrtaicdre ceinput 30 PNy REIA / 9B87 68PCTLEP2069L062773Cce ciaadi citt y

wher epy tq're is.de;ined.a na§jnun1 unbgrtof SRs t hat can be tri.ggered
wi t hout rec&™vi Rg-an k. grdmt’, " 4ési g%?a% 4 s r PRAGTINEX. I8YY dESdaSiNg SR
occur r enc@a)oner Salde@dueent he rsR overheatuin bedt 8dn t RepsareitiBe, t ks

i ncreases the 5 uplink schedul er response tinme, for exanple at the

begi nni ngTof @TperidddSLthére tifere 9ts HicgR/1 XS -equent transni ssion of data

packets, such as during voice activity periods in case of Vol P application.

This can cauge, e gn Fheuyai 6e) gualidvniodall below an agceptable ilevel.
On the other hand, the pa- 10 raneter dsr-TransMax is provided to prevent a

UE t hat Irostvidedsynighr orpzatiorefe o conbinaeaskiygt papsmattisng s8RY iars
uplink. Ther.efore when,dsr-TransMax i s reached _and no UL grant, for data
P anthi sSor Gt PO Has RRTETECeT Ve, Phe CEST ePASsBemBoacHeraRs
resour cessangl s t gt €51 ay r apdendacceshpracedupeodss Ihegetbane,stnaiddrer
varying the SR periodicity nor dsrTransMax overcones all the problens. As
ment i one@®HH 4l | REPodiRt PER,Y A5G sPy " ddat aPRppPréatfonsl arelt r sl ésone

I n that Lhoy Gan; cause e uses; SAUDIENEL:20nal MRt GOOELBUOHS] Yoyl T gger
and transmt SRs. A typical exam ple of a "bursty ata application’is one
wher e t héree gprowaided by different chips. Alternatively, at least par-

15 tially integrated chips may be used. Antenna means 4, a dis-

play 2, and/or a keypad 3 may also be provided.

From a delay perspective, it would be preferable to have very
frequent SR occurrences (i.e. low SR periodicity) to improve

20 the uplink scheduler response time. This could be viewed as
the time between the arrival of a data packet into the UE
buffer and the first (e.g. HARQ) transmission of the same
data packet on the Physical Uplink Shared Channel (PUSCH).
The data packet can be for instance a VoIP packet in VoIP ap-

25 plications. On the other hand, low SR periodicity 1leads to
high wusage of the limited PUCCH resources. In addition,
transmission of a SR when not needed by the uplink packet
scheduler causes unnecessary interference in the PUCCH SR re-
gion (both intra- and inter-cell).

30
Known methods of dealing with such issues (preventing the

transmission of SRs unnecessarily) include varying the SR pe-



frequent transm ssion of small packets such as Voice Over |IP (VolP). The
upl i nk packet schedul er has general information on the VolP traffic pattern
i n uplinkwOeonso3stee Vol P packet 25 of approximately N bipcs/Eragobe27gener at ed
every 20ns), where N woul d depend on tie Adaptive Milti-Rate (AMR), codec
rate, type of I P header conpression nethod etc. Therefore with such
applications as VolP traffic, the uplink scheduler (located in the eNode B)
only in pricwicqils neledsety khewewhen @ ¥ohee 30 nactimtint ynpeivé odolbedress and
when it ends, so that during peri- _ods of inactivity, radio resources can
be al | ocdted 1o ot Aer tﬁ§€9§r99\hlwll§thoﬁlﬁe e inhity oF HbsER™ - quiseti Peri od

(€.9. voifednagt ity PEM 0G8) LA DS | QQB@WMV%%M ORy{cat e fmuitoring

e.g. of voice activity, a SR transnitted t he

2011/ 038 TBBRCT/HEPZT0 I VEEAFE3L, 1 ®UWIE adart el mmedémnief yhiike yegiqasiary tdfe a

VOiceSacgﬁﬂfﬁ@lggﬂéghler response time, for example at the beginning
of a periods where there is high/ frequent transmission of
data packets, such as during voice activity periods in case
of VoIP application. This can cause (e.g. the voice) quality
to fall below an acceptable level. On the other hand, the pa-

10 rameter dsr-TransMax 1is provided to prevent a UE that lost UL
synchronization from continuously transmitting SRs in uplink.
Therefore when dsr—-TransMax 1is reached and no UL grant for
data transmission on PUSCH has been received, the UE releases
PUCCH (SR) resources and initiates a random access procedure

15 Therefore, neither wvarying the SR periodicity nor dsr-

TransMax overcomes all the problems.

As mentioned in the introduction, “bursty” data applications
are troublesome in that they can cause the user equipment to
20 almost continuously trigger and transmit SRs. A typical exam-
ple of a “bursty” data application is one where there is a
frequent transmission of small packets such as Voice Over IP
(VoIP) . The uplink packet scheduler has general information
on the VoIP traffic pattern in uplink (e.g. one VoIP packet
25 of approximately N bits may be generated every 20ms), where N
would depend on the Adaptive Multi-Rate (AMR), codec rate,
type of IP header compression method etc. Therefore with such
applications as VoIP traffic, the uplink scheduler (located
in the eNode B) only in principle needs to know when a voice
30 activity period begins and when it ends, so that during peri-
ods of inactivity, radio resources can be allocated to other
users. Whilst the beginning of a such a quiet period (e.g.
voice inactivity periods) can be determined by appropriate

monitoring e.g. of voice activity, a SR transmitted by the



Sending SRs during, e.g. voice activity periods, is not very 5 useful. It
can be assuned that during voice activity periods there will always be data
to be schwoubad3stesr exanpl e, the uplink packet schedul ecT(P2@/0bzrcat ed in
the Node B) only needs to receive a SRiat the beginning of a voice activity
period in order to identify the start/end of a voice activ- 10ity period.
The enbodi nents of the invention inpose various restrictions on the
triggering d¢4@ansmsssiiermaidyorciecepyinning afSR i woupdi Bkt iandyare -

herei nafter generally ternmed suppression of 15 SR transm ssion/reception.
Exanpl e IHIFﬁ one enbodi nent, a restriction is inposed on transmtting 20
and triggering scheduling requests such that a new SR may not be
transmtted (or will be ignored) if an SR was previously transmtted on the
PUCCH\MtaﬁndﬁﬂqeS%@tdmﬂiﬂ@mmeT@anSQisgientimtEVVQEsi@¢$b)i@rrgmbA&nanes,

theresNTLSAD | ety 22 LB LRLE SrReChent 2 st ol ST, 5,5, e

transmttﬁﬂyﬂ£ﬁﬁlyﬁdaaﬁﬁy®ﬂbb deter Monend hechaabesd of FOTI e xwhicgl , havre
el apsed since. If this nunber exceeds a certain integer value NI, then a SR

can be trdgéredPamect r ansAfLed usl-ink.l3¢2tst 30 Fhen N uBer &Guivpnent

w1l not s t r S ressed
condltlons%%ﬁéﬁgysggagﬁ#g %02%£n¥?oggelﬁe%g§ggﬁﬁp(§$[§28%%%%3§g%§56ty

T/ EP2009/G620¢38 Il dieed ntegef dNTt ly beepseaset cord btf maydieedynanivcal |y
varl?g accordin EP various factors such as resources, base station | oad
etc t ﬁ%?’ ¢t“'by the user equi pnment or the base station (eNB) or a
net wor k controller. 5

The embodiments of the invention impose various restrictions
on the triggering/ transmission and/or reception of a SR in
uplink, and are hereinafter generally termed suppression of

15 SR transmission/reception.
Example 1

In one embodiment, a restriction is imposed on transmitting
20 and triggering scheduling requests such that a new SR may not
be transmitted (or will be ignored) 1f an SR was previously
transmitted on the PUCCH within the last Ny Time Transmission

Intervals (TTI) or sub-frames, where Nr is an integer.

25 In this embodiment a network element (e.g. the user equip-
ment) will keep a record of when the last SR was transmit-
ted/received and will determine the number of TTIs which have
elapsed since. If this number exceeds a certain integer value
Nr, then a SR can be triggered and transmitted uplink. If not

30 then the user equipment will not send any SRs. In other words
SR are suppressed even under conditions where SR would con-

ventionally be sent.



Figure 3 shows a schematic representation illustrating an exanple of this
enbodi nent. A nunber of TTls 31 are shown in relation to the PUCCH channel.
It is to we2nnovmssi8hat SR resources nmay not be avail abl eCOEPRMICCELT7TH every
sub-frame; the 10 mninum SR periodicity is 5 nms in E-UTRA Rel'8 In the
first TTI, a SRis transmtted by a user equi pnent as indicated by the
upward arrow 32. After 8 TTls have el apsed, at tine 33, certain conditions
cause a Urnd ardegjde Nomagnthea pSB-sEhi 9 rmay hef e exargpliecaysed dyca
buffer status report being 15 triggered and where the UE has no allocation
avai | abl &GP AHEPUSCH 2T H thel @Xarpf eSPAR 8] GESEHIRTSI s P5.Se K291 he

number of; ;TH dhat have.i,0 have apsedysi nee .t hﬁqdli%?&e YBs @Rl pAef ore

anot her one can be sent. At tine point 33, as at least 5 TTls have el apsed
bef ore t hgdtasin SRNFAs dyreen nsgmtork2@ogg r figrt-her SR 32 can be sent. At 34,
condi Ei ons are such that under normal circunstances another SR woul d be
sent. "However as only 3 TTls have el apsed since the |ast SR was sent; the

user equirgnRife AOESANGE =S &ftthedb tanrothgrr <SRN tHE ddotitiad: Ard=-0wWn3b drepnesent s
a SRwhich is not transmtted, despite the fact that it would have been
transm t 8P Shouf dthhe FESCALEENSn ot NWaRRL beén TId SplAce2 TH EROFHCH D
embodi mentes, 4 daw periadiGhdon | cieadiow 3014 at eney/ bespaRss Hhik) sgande
achi eved whil st reducing the actual transm ssion of SRs. Previously SR
peri odi cigounuass imegr eased by vaarlelbl ecant rRAIddMg it ey per isodi-dirtamegf tSR

occurrences.. WO 2011/ 038768PCT/ EP2009/ 06277 | e In son
enbo érreﬂfléq,l“bjé‘l'i PG Hiigh T aF i?SCIHHEatlé{1 %Fiﬁﬁei ?fe%g%on zzirfbtihc?eﬁ]ﬁted;
(e.g. spurtis of dwrsdyctsabhiccsauchyas askn \éqiu(iﬁm'éh@f tisC)indikizs sy yoe for

a particul ar user equipnent. During such tines the transm ssion of SRs for
t hat userchequipimerit #8TQUppresSedcrTie Hdvantaigese biPsaéh efbsdimeerts is

t hat und C Lo r _eqw pnen adlor. b tati.gn wil.l_ be
pr event e?eﬁr%%%%deél)%%%lﬁ%eé?ggtgr gng% t{]glée??%/ Fé)cgslse\e;?cflggsgg.' geﬂnlesr ally
t he patteray dbfeddba tesensmissconsedhilgh smapubieegenerally akpeady denown by

network el enents, may be used to determ ne whether, SRs are to be suppressed
(e. gLoby TOSHITA M AP SOt OF e Gas O Hgh AR ForiEkanpl e
the startprand; end tin®e ofavoi £ecidd SRUNESokNNYVol P eantherdetkeqted;n guring

t hese periods transm ssion of SRs are suppressed.

ber of TTI that have to have lapsed since the last SR was

sent, before another one can be sent. At time point 33, as at
least 5 TTIs have elapsed before the last SR has been sent,

20 so a further SR 32 can be sent.

At 34, conditions are such that under normal circumstances
another SR would be sent. However as only 3 TTIs have elapsed
since the last SR was sent; the user equipment does not send
25 another SR. The dotted arrow 35 represents a SR which is not
transmitted, despite the fact that it would have been trans-

mitted should the restriction not have been in place.

With such embodiments, a low periodicity (i.e. low
30 latency/response time) can be achieved whilst reducing the
actual transmission of SRs. Previously SR periodicity was
increased by merely controlling the periodicity of SR

occurrences.



The skilled person woul d be aware of the various particul ar nmethods that
can achieve this. For exanple in the 20 circunstances nentioned above,
duri ng pewoads/38768i gh data transm ssion, nore resourceCrumPR@9be27ad | ocat ed
e.g. by issuing nore UL grants. In onelparticular enbodi mrent therefore, a
suppression of SRs may be inposed if there have been frequent UL grants.

For exanple, a SR nay not be 25 triggered/transmtted if an uplink grant
was i ssuetkan@la particul ar user equi pment within the last NG Tine

Transm ssion Intervals (TTIs), where NGis an integer nunber. A network

el ement, usually this would be the user equi pnent, may keep a record of

when the Tr2SE o P! éfﬂ%o&&ﬁ@ﬁt!’fas p'e%si%%l% s 30; get %Qa'f@%/@l@@aa t%%‘%{étml made
of the number of TIIs which have el apsed since this tine. hi's nunber is

| ess thamu@mk&m@na@@dttﬁte@er (NGg - tﬁ@WIaSS@ﬁmbmr©@ypte&éﬁuedsmp@mdﬁnng

transpitt.ed b e,_us UI nt. The re trlctlon sed b
embod? nent’" neans t%raFﬁb deB ggﬁsfgﬁye%énp e avolda" Fﬁgggar uS%r equlp_

ment. During such times the transmission of SRs for that user
equipment is suppressed. The advantages of such embodiments
is that under such conditions, a user equipment and/or base
station will be prevented from devoting time to transmit-
10 ting/receiving SRs. Generally the pattern of data transmis-
sion, which may be generally already known by network ele-
ments, may be used to determine whether SRs are to be sup-
pressed (e.g. by identifying the start/end of periods of
high traffic). For example the start and end time of voice
15 spurts in VoIP can be detected; during these periods trans-

mission of SRs are suppressed.

The skilled person would be aware of the various particular
methods  that can achieve this. For example in the
20 circumstances mentioned above, during periods of high data
transmission, more resources would be allocated e.g. by
issuing more UL grants. In one particular embodiment
therefore, a suppression of SRs may be imposed i1if there have
been frequent UL grants. For example, a SR may not be
25 triggered/transmitted if an uplink grant was issued to a
particular user equipment within the last Ng Time
Transmission Intervals (TTIs), where N¢ 1s an integer number.
A network element, usually this would be the user equipment,
may keep a record of when the last uplink grant was issued or
30 acted upon and a count is made of the number of TTIs which
have elapsed since this time. If this number is less than a
designated integer Ng;, then a SR will be prevented from being
transmitted by the user equipment. The restriction imposed by

this embodiment means the eNodeB can for example avoid the



WO 2011/ 038768PCT/ EP2009/ 062773 13 triggering and transm ssion of an SR by
a UE during voice activity periods in case resources for Vol P are schedul ed
usi ng dyrmaoizetisskmdul i ng. I n dynam ¢ schedul i ng, the UEPCTarssmwis27vhe SR
but the eNodeB can avoid the triggering3of a 5 SRin the UE by
appropriately setting of paranmeters. Dynam c schedul i ng neans t hat
resources on PUSCH are all ocated using PDCCH (Physical Downlink Control
Channel ) ton gyesubifg aned basiasismibiss ons ¢ N eantyrashyt @ SEAN dpetsgsteritce
schedul i ng where PUSCH resources are sem -persistently allocated (i.e. 10
for a | ofger:'péri ol Fhansoné® stBSfr Hf°OWiSTy bhe Ui?%r aRES o PIECHEFi gure
4 shows %sﬁ?ﬁf”&ﬁ;h%m&@prﬁ%ﬁﬁi@. T astr@ard ng @n <ex=qairhg, of c poe guch
enbodi nment . nunber of TTls 41 are shown I5 as before. The lower line
shows t he nammmiltisng hen Sfelkatti det eNgplabnkcagr antesl U4 heA 5 rigesigmat ed by

thi ck_ar rQWs. . Tthe tap lI)i ne_1i ndi cates.t he E as bef ore. In ttﬁerfimr.st TTI
(TTI 1? an upll | nK egr ant “44°hRE°been" - Fséudd-"Affel 16 TS "have eyapaselcf at
poi nt  43,scaenitirensnadres suedr t hasocatkse an SRUb0H2@E rbe sinanskict ed iagai n

an exanple may be that the buffer status report is triggered as well as new
dat a arriP\HQ?éyi nPay Séptly BOFPErk | ROPRFSlexanpieeNG, the hurfBBILIGReTT] s

which nusi, fiave. ehapseds sinee bhieLast Loli dk, @ants befare adidhansR can

be transmtted is set at a value of 8. As 10 25 TTls have el apsed since the
| ast upl iwllergr aniSGAs rbeenrcssuedd os¢he-par$isubar 1 YWEalandathids (is egr eat er

than,8, so a SR 42 can be s . At atine 45, another Upli rant_ i s
ool APh AT meae i e et e e B U ' sr
woul d be gycansm tted. However as the nunber of TTls which 30 have el apsed

has since this point is 4, this being less than the 8 required, a further
SRis not transmtted at this point; the un-transmtted SR shown by dotted

ar row 46.:. WD 20110307 6RCT/EP2009/,062713,14, AGaI 1 {he. valug, pf, NG gan be

F
set or mayl ary dynamcal |y according'to prevaillng conditions such as base
station reegduy ces avaidatih e, etivadfifment ype, noebkr| oadITékc 41Thirs esrhodi ment

is useful in VolP applications for exanple, where in ef- 5 fect .the
traniﬁi s SRs ﬁ%e s {Chet of f SRy n6h9oit&@ea&11in\?i ) &AM Wfere it

is clear g ithe yphhpk saehedut er dbhabyniat chas,deehded to-igsde thequey
uplink grants due to the high data transm ssion requirenents.

line indicates the PUCCH as before. In the first TTI (TTI1)

an uplink grant 44 has been issued. After 10 TTIs have

elapsed at point 43, conditions are such that cause a SR to

20 be transmitted (again an example may be that the buffer

status report is triggered as well as new data arriving in an

empty buffer). In this example Ng, the number of TTIs which

must have elapsed since the last Uplink Grant before a fur-

ther SR can be transmitted 1is set at a wvalue of 8. As 10

25 TTIs have elapsed since the last uplink grant has been issued

to the particular UE, and this is greater than 8, so a SR 42

can be sent. At a time 45, another Uplink grant is issued. At

a time point 40, conditions are again in place such that a SR

would be transmitted. However as the number of TTIs which

30 have elapsed has since this point is 4, this being less than

the 8 required, a further SR 1s not transmitted at this

point; the un-transmitted SR shown by dotted arrow 46.



10 Effectively information on the traffic pattern can be used (e.g. by the
scheduler) to determne if a SRis to be sup- pressed. If it is decided

t here i s woghivassfeBi c from a par- ticular user equi pnenPCT/RPR@INESORII CES
will be allocated (e.g. by issuing nore4dUL grants), and under these circum
15 stances, tine and resource will not be devoted to transmt-
ting/accepting SR or allocating resource for themto be sent. The

advant agesyadfn errodiaend sof SNt hedn tiheyséeads mayavdey creass dal ltyheic—
generated interference (both intra- and inter- 20 cell). Another potenti al
advant agé Gtappl §P ng U Iridst r Febfoht PoF VI appl iREatS ofis2t#81t HE hi gher

Di scont i nugus. own) ink, Recenti o (DR, gaidk when, DRX dis. depliqyedidy it he

presence of VolP traffic. The 1 nvention however is not limted to VolP
appl i cat imemg.. 126 Usefar f umt herl Ferdvadi iveritionshelcer axaBR liss twhehe siuppriessed,

the transceiver_ of a _user equip may be .deactjv d/swi tched off for a
short 5perficeoc(ﬁls. B Thler s ad! tqrqu r%Rrsanlssc esiwvlgrce}?et?ln cotai?fg rﬁj{unrwstlyf1 g 9Mterttitt ent
and not used tdurpogisaeh tinees oft SRs30sUppr €881 athe FugUE Rk S Sitews 1@ r
further enbodinment illustrating intermt- tently switching on/off the
transcei Ver2% ol Suppres§ e righs if §5F ot L6RVSERe R i HK r ef@ie’st s AUPhd ©

exanpl e %%@M%ﬂéﬁ'déta transmission requirements.

10 Effectively information on the traffic pattern can be used
(e.g. by the scheduler) to determine if a SR is to be sup-
pressed. If it is decided there is high traffic from a par-
ticular user equipment, more resources will be allocated
(e.g. by issuing more UL grants), and under these circum-

15 stances, time and resource will not be devoted to transmit-

ting/accepting SR or allocating resource for them to be sent.

The advantages of embodiments 1s that they leads to a de-
crease in the generated interference (both intra- and inter-
20 cell). Another potential advantage of applying such restric-
tion for VoIP applications, is the higher Discontinuous
Downlink Reception (DRX) gain when DRX 1is deployed in the
presence of VoIP traffic. The invention however is not lim-
ited to VoIP applications.
25
In a further embodiment; where an SR 1is to be suppressed, the
transceiver of a user equipment may be deactivated/switched
off for a short periods. In other words the transceiver func-
tion may be intermittent and not used during such times of SR

30 suppression.

Figure 5 shows a further embodiment illustrating intermit-
tently switching on/off the transceiver to suppress the

transmission of scheduling requests. The example shown is in



WO 2011/ 038768PCT/ EP2009/ 062773 15 relation to suppressing SR e.g. during
voi ce activity periods of a VolP call, but the principle can be applied any
data transoi2esilB8®s At 51 a Vol P Packet arrives in an empiEprbabioer773 At 52 a
SRis transmtted. At 53, UL allocatiob5is nade 5 and the Vol P packet is
transmtted uplink. After this tinme there is no further need to transmtt
any new packets. At 56 there is an SR occurrence but since there is no data
in the bufdier;idio tSR supdreaisimd tsed.e . Thi slursi ey enardeedh iy ie theariserd ver
being switched off during this period. The SR is sup- 10 pressed by the UE
transcei vdr del’A§Fsvidiched®df f toF deactG\RtedCalr Fg 3PS ¢ér #B8d. 9t ot her

wor ds an SR pagket; gan beypreyvent edropmpetng LEgpsmitt ed by dhe ise of a
"SP prohibit tinmer". At 54 a new Vol P packet arrives in an enpty UE buffer
and t hus fatr 55\tanot her SIBRL$ st radenoht PUCCHE TRe Uilnell®damtienvadls betdseen

packets arrjving in._the buffer.,of the UE is 20 m.l liseconds. ri eri ods
B ey 2ad et T easda Vor CFE oM Chetl N Cdted By T he “BoRey ar
other timesdd is ©ff ruAthpei Rkel6 tiche AdnJrt have sent paukeBRS but s it
has been already determi ned that these are unnecessary the UE 20

transcei VéI°hS shitiched 8FFUTERARPl ©U8 SSé1Re peirdist eht "ScHedal ithg {'SPS) is

a techni que mher oa?ﬁ??r'i ¢ 9 Gl A ANSIR S8 1500 8 Iy, ddogcated e g.
during the 25 p'e(r?llo S v%?nsere tnhere a 1ot of ulpl iﬁ;l traf:‘al(:kg/sucdhe asa
"t al k- spurdisferdurd ing bawstghad afff cduTheg sahesr psoupde irsealSRodat edireach

time, The resource allocatjon_is turned on during each of t tal k-spurts
and b1 BEREH | B¥ic- Sor (L | FRoPAPE A7 kol er Anar R rigf t 6T equest
an all ocatdiORsatand &ua- i3y gnant e pasd. ol &t el R@ld<ocal ign gkl can
required. In one enbodinent, a SR should not be transmtted as | ong as an

SPS gr antPs PREFITRIF el T et | g el plerd oldg Hesi gyhaat ed Wi t BPhirge -
tzgi‘];_; 658%2%%&/ & 0’9.; g%’%?ﬁk asgl"érm; %)O'IEJ rf)atcmesc edr]?riv\ég in an empty UE
buffer and thus at 55 another SR is made on PUCCH. The time

15 interval between packets arriving in the buffer of the UE is

20 milliseconds. During periods 51, 52, 53, 54 the UE trans-

ceiver 1is on (as indicated by the boxes), at other times it

is off. At point 56 the UE may have sent out SRs but as it

has been already determined that these are unnecessary the UE

20 transceiver is switched off.

Example 3

Semi persistent scheduling (SPS) is a technique where a peri-
odic UL transmission resource is allocated e.g. during the
25 periods where there a lot of uplink traffic such as “talk-
spurts’” during bursty traffic. The same resource is allocated
each time. The resource allocation is turned on during each
of the talk-spurts and off between talk-spurts. In this man-
ner, explicit signalling to request an allocation, and to

30 grant a particular VoIP allocation is not required.

In one embodiment, a SR should not be transmitted as long as
an SPS grant is configured; ie. during the periods designated

with high traffic (e.g. during the talk spurts). In this em-



16 bodi nent, such a restriction achieves the sane results as before.

Whet her or not the UE has to apply this restriction may be 5 configurabl e
by the eNsdeBi1/Bsmapl e 4 |In one alternative enbodi nent pCSRP2000961783
suppressed by SR 10 maski ng on a | ogi cab channel basis. For each | ogical
channel that is configured by the eNB, a new paraneter is introduced which
tells the UE whether an SR should be triggered when new data arrives on

t hat | ogiealirehanneduciWienrdatra ArirdrivesHirve d agiccalanehanell ((and tdwat data
is of higher priority than the 15 data already awaiting transm ssion in the
ot her Iod?ﬁé% channel s) a buffer status report is triggered. If the UE does
not have any uplink resources to send that buffer status report a
scheduling request is triggered. In one enbodi mrent a nmechanismis added
setting &M@mhﬁniQW1nhatthﬁetﬁbgb@altch@mmﬁyi@hﬂ@ abtsoratt owedmey tad gger
an SE% TQ%HF ndlg A ﬁ%k a paraneter. In the exanples below the
par anet e 6%5| nat & aseS - isk The following is an exanple of such
an enbodlnent . The 25 Schedul i ng Request (SR) is used for requesting UL-SCH
resources for new transm ssion. Wen an SR is triggered, it shall be

consi der éXag®lfeddi ng until it is cancelled. Al pending SR(s) shall be
cancel l ed when a MAC PDU is assenbled and this PDU incl udes a BSR which
contains buffer status up 30 to (and including) the | ast event that
triggeredra @SR eltwhentthe Wnigrmtercan $Reommpddte abbppenskagbdatsR

ilable f t d nb di t th f | |
o acblur §4°8 difoglod: VD 20117 03876RPCTFEP2006/ 062773 7 17 ari SR T

triggeredrand theien f SgneeOtherc i8R pepdi ane%h?agﬁrr@h@r' 18l rith® SR LLOUNTER
to 0. As long as one SR is pending, the UE shall for each TTl: 5- if no

UL- SCH r é80uic és ldrse tdmiltapihe i &1 riah$ficsslicope triggered when new

data arrives on that logical channel. When data arrives in a
logical channel (and that data is of higher priority than the
15 data already awaiting transmission in the other logical chan-
nels) a buffer status report is triggered. If the UE does not
have any uplink resources to send that buffer status report a
scheduling request 1s triggered. In one embodiment a mecha-
nism is added setting a condition that the logical channel is
20 also allowed to trigger an SR. The condition may be set as a
parameter. In the examples below the parameter is designated

as SPS—-SRmask

The following 1is an example of such an embodiment . The
25 Scheduling Request (SR) is used for requesting UL-SCH
resources for new transmission. When an SR is triggered, it
shall be considered as pending until it 1s cancelled. All
pending SR(s) shall be cancelled when a MAC PDU 1is assembled
and this PDU includes a BSR which contains buffer status up
30 to (and including) the last event that triggered a BSR or
when the UL grant can accommodate all pending data available
for transmission. According to one embodiment the following

procedure is adopted:



inthis TTl: - if the UE has no valid PUCCH resource for SR configured in
any TTl: initiate a Random Access procedure (see subclause 5.1) and cancel
al | pendiwg 28R#387%8- el se if the UE has a valid PUCCH r esompe@9/062775R
configured for this TTI and if this TTL7is not part of a neasurenent gap: -
if SR COUNTER < dsr-TransMax: increnent SR COUNTER by 1; 15- if SPS-SRmask
is set to true and a Sem - Persistent Scheduling uplink grant is not
configured arorskfiSPSriBraskd sinaottsete tis tidleothek NSRRI wehdihe, physi cal

| ayer to signal the SR on PUCCH 20- else: notify RRC to rel ease

PUCCH' SREE =01addr &ty ‘06nfiRg Bl TdGWHA Me assi gnments and uplink grants:
initiate a Random Access procedure (see subclause 255.1) and cancel all
pending SRs. As far as buffer status reporting is configured; in one

enbodi nerdts tlvedf ¢ld ewiengFprice edundce ey te afopthed ladeor diand tIdla furt her
enbOdgnent—a%j;?LJ?ﬁ§%CH resources are available for a transmission

in this TTI:

— 1f the UE has no valid PUCCH resource for SR configured
in any TTI: initiate a Random Access procedure (see

subclause 5.1) and cancel all pending SRs;

10 — else if the UE has a valid PUCCH resource for SR
configured for this TTI and if this TTI is not part of

a measurement gap:
- 1f SR_COUNTER < dsr-TransMax:
— increment SR_COUNTER by 1;

15 - 1if SPS-SRmask i1is set to true and a Semi-Persistent

Scheduling uplink grant is not configured;
- or if SPS-SRmask is not set to true:

— instruct the physical layer to signal the SR on
PUCCH;

20 - else:
- notify RRC to release PUCCH/SRS;

— clear any configured downlink assignments and
uplink grants;
- initiate a Random Access procedure (see subclause

25 5.1) and cancel all pending SRs.

As far as buffer status reporting is configured; in one em-—
bodiment the following procedure may be adopted according to

a further embodiment as follows:



WD 2011/ 038768PCT/ EP2009/ 062773 18 If the Buffer Status reporting procedure
determ nes that at | east one BSR has been triggered since the |ast

transm sswonronfo3s76BSR or if this is the first tinme that pat/Ere@sieine BSR 5
is triggered: if the UE has UL resources allocated for new transm ssion
for this Ill: instruct the Multiplexing and Assenbly procedure to generate
a BSR MAC control elenent; 10- start or restart periodi cBSR Ti ner except
when the BSR is a Truncated BSR;, start or restart retxBSR-Tiner. else if

a Regul ar_. BSR has been triggered: , if the trigger was only that
dat a becdrfe B\FailudicE o5t rarsHt€Si R oG Usr dat-9rghste Sond dtogitcal

channel fior; Mhich dafma h%%c%é%na\@ii'gt%@r%of U JdARSD S$QN £ ransmission

| ogi cal Channel SRmask i1s not set to true: a Schedul i ng Request
shal | be dfr iggeRedr 20- tdlise:1s the first time Sdleddt ngaRequest B¥ral | be
triggered. 255 The a%qve descri bed functions can be provided by neans of
appropri at’e softiware ‘and dat a processi ng apparatus. Functions may be

i ncor por at ed iiMt:Q.caME aRRY O irdie UIeicworK 1elcerent r MmRageeRnisysicem and
may be provided by nmeans of one or nore data processors. The data processor
may be provi d&F Byrifedrdd: WO 2011/ 038768PCT/ EP2009/ 062773

— instruct the Multiplexing and Assembly procedure to

generate a BSR MAC control element;

10 — start or restart periodicBSR-Timer except when the BSR

is a Truncated BSR;
- start or restart retxBSR-Timer.
- else if a Regular BSR has been triggered:

— if the trigger was only that data became available for

15 transmission:

- if for at least one logical channel for which data
became available for transmission logicalChannel-

SRmask is not set to true:
— a Scheduling Request shall be triggered.
20 - else:

— a Scheduling Request shall be triggered.

25 The above described functions can be provided by means of ap-
propriate software and data processing apparatus. Functions
may be 1incorporated into any appropriate network element or
management system and may be provided by means of one or more

data processors. The data processor may be provided by means



19 of, for exanple, at |east one chip. Appropriate data processing may be
provided in a processing unit provided in association with a comuni cation
devi ce, fwo2exa3pice a nobile station. The data processi RGTHERYONM62773

di stributed across several 5 data processing nodul es. The above descri bed
functions may be provided by separate processors or by an integrated
processor. An appropriately adapted conputer program code product or
product s amy e useshdler, iamplieent iong the enbedingitis,t avierit d eaded a5+ an
appropriate data processing apparatus. The 10 program code product for
provi di ngjL1‘)t<-7hé“aé/pé’reattﬁrc‘Pﬁ”ﬁjc:—?)F1 Be! $t SYEF oI 1t Yoy iRFet 1547 reldn £ 510 A~

appr opr i atie, Caf{ ﬂr?ra”E@!nhﬁﬂhléBtéBHr QRN ALe %@%Q&mﬁ@%a%%@ﬂeb%t%@om ed
on a conputer readabl e record medium A possibility is to download the

progr am d¢ode .protuctlate arcomwsnigatiaon ld%vdigetvmu‘aedataarﬂzssn@tawﬂal It is
al so got%pltt hat altho h c%{tlal n odlbrrentsewecrre:.Lbde Cnl’l becllrl ab%ve bey way
of exampl€ W tH T&rerd o' Cértait ex°'e r’rpol i¥Vi nge Archi T et 65 &

Wi rel ess g1eIwiRIks , b e@@p@k@gbe{_@raﬁe%@dr%t andas@dsanenbodyants. b e -
applied to any other suitable forms of communication systenms than those

i |1 ustratSed -amf deBEFPBEdahelt & rdaptecs Caqr%ltrﬁﬁ el AeF @ nCPRGt BTG S he

above desgliBeSqEXEl 2% PLLT Vit erpodisgen 9{;:1%9 LRY LM I ale are

several variations and nodifications whi c e made to scl osed
sol uti on whictrhdutaddsparrt i ag appmphea*seopetaf ptrbeeplsesgntaplpmz@muson.The\/\o
2011&@38768PCT/ EP20 9/ 062773 éonfCLAl (VS %god of schedul i ng resources
in a conmimiCatt oﬁ§ Fi k- RHEF Schédul' ]T‘Fgmrgeq St sCBretraismtf edSFrom a

first Senfddned @i SREPMDEMdD b HBHISIJHan appropriate carrier me-
dium. An appropriate computer program can be embodied on a
computer readable record medium. A possibility is to download
the program code product to a communication device via a data

15 network.

It is also noted that although certain embodiments were de-
scribed above by way of example with reference to certain ex-
emplifying architectures for wireless networks, technologies
20 and standards, embodiments may be applied to any other suit-
able forms of communication systems than those illustrated

and described herein.

It is also noted herein that while the above describes exem-
25 plifying embodiments of the invention, there are several
variations and modifications which may be made to the dis-
closed solution without departing from the scope of the pre-

sent invention.
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determining if any of the following conditions exist: the tine el apsed
since the last scheduling request exceeds a designated period; the link
requi r enewo 2exioBeTs a predeterm ned | evel; sem -persi st ect/Epededed7ng gr ant
is 10configured; or data arrives on a Rogical channel and a nasking
paranmeter is set; and if so, suppressing the transm ssion and/or triggering
of scheduling requests. 15 2. A nethod as clained in claim1l wherein the
first network elenent is a user equi pnentsand the second entity is a base
station. 3.A nmethod as clainmed in clains 1 or 2 wherein the schedul - 20ing
requests are nmade via the Physical Control Uplink Channel of an E-UTRA

system 4. Auethad, s, €1 abwedy i hg! Abasul-Le 3nwWaerel I8t migisng sifx the
uplink requirenent exceeds a certain level, com 25prises identifying the
start and/ owhenw ipersousdwfimat acgpasts iamwebursansnitdfdd cfrén Aandtihod as
claimed in %Lan14chere2Q:§%f% Qg&styc%{%tgf% is voice traffic or VolP
datangackets. Y6."K metthod "as U aimed W c1°ai'ié 1 to 5 wherein a

schedul i ng regquestinisigsupprasseds i fhéheonushengotohidae 1 bhansmissi:onhe
Intervals or sub-franmes that have el apsed since the previ- WO

2011/ 038768PCTIEERbYITb2973Co21the last scheduling request exceeds a

designated period; the 1link requirement exceeds a pre-

determined level; semi-persistent scheduling grant 1is
10 configured; or data arrives on a logical channel and a

masking parameter is set; and if so,

suppressing the transmission and/or triggering of schedul-

ing requests.

15 2. A method as claimed in claim 1 wherein the first network
element is a user equipment and the second entity is a

base station.

3. A method as claimed in claims 1 or 2 wherein the schedul-
20 ing requests are made via the Physical Control Uplink

Channel of an E-UTRA system.

4, A method as claimed in claims 1 to 3 wherein determining
if the uplink requirement exceeds a certain level, com-
25 prises identifying the start and/or end periods of data

spurts in bursty traffic.

5. A method as claimed in claim 4 wherein said bursty traffic
is voice traffic or VoIP data packets.

30
6. A method as claimed in claims 1 to 5 wherein a scheduling

request is suppressed 1f the number of Time Transmission

Intervals or sub-frames that have elapsed since the previ-



ous Uplink Grant is less than a predeterm ned integer value. 7.A nethod as
claimed in clains 1 to 5 wherein a scheduling 5 request is suppressed if

t he nunbewoab1iliss®ss Tr ansm ssi on I nterval s or sub-franespchatr2evamwe27es apsed
since the previous scheduling request 2as nmade is | ess than a predeterm ned
integer value. 10 8. A nethod as clainmed in clainms 6 or 7 wherein said

i nteger value may vary according to traffic type, base station or cell |oad
or the periodsciuyliofk buffeer: stat usesepamnss. 15 Srddemthothes clraiggd in
clains 1 to 8 wherein the step of suppressing the scheduling requests

conpri ses nBeL P?ansnlttrng and/or triggering a scheduling request. 20 10. A
nmethod as clainmed in clains 1 to 8 wherein the step of suppressing the

schedul i ng. fequests campnisesd nera Lhent v s uenig anfotl thedranseei ver

of said first entity. 2 met hod as clained in any of claims to 10
wherebn t hersgbeft anes swl@atesdaal t hé PhyﬂnumbdmlbﬁkTematmﬁadﬁmmuuﬂomw t he

Physi cal Down| i nk uter ra ram risi.n
prggranrcodénHﬁﬁﬁg 5d85t§8bsgf8mﬁ§rF8?ﬁrpﬁgesF P! Sgﬁp§%% ngﬁ%“@egrng

cl ai ms whenctibe sphediamigs dddhcdt awdE ORE8SOris ﬁ%sé\gﬁﬁﬁube®ﬂéﬁﬂkﬂﬂii
medi um conprising a conputer programof claim12.

2011/ 038768POTEEPRODOYOB2YFZBU22 14. A network elenent or processor
therefor adapted to transmt or receive scheduling requests in a

ﬁ]catrons l'ink, and having nmeans to suppress the triggering,
trans '

t f hed foll
oot ol B L hSErRY | Bl P d o IE L s B  Sph e Poig rabgall | oW o

exceeds a de§rg@aﬁ§9 &aﬂy @@&b@gln@h@oltﬁgffEQUtyﬁaﬁnbagécgﬁgﬁl@nC@ftaln
predeterm ned | evel; Sem Persistent schedulrng grant is configured; or

data arrivesebh hop@gpearhehannéePianita ahaskiAGepasambrer reports.

15 9. A method as claimed in claims 1 to 8 wherein the step of
suppressing the scheduling requests comprises not trans-

mitting and/or triggering a scheduling request.

20 10. A method as claimed in claims 1 to 8 wherein the step of
suppressing the scheduling requests comprises intermit-
tently turning on/off the transceiver of said first en-

tity.

25 11. A method as claimed in any of claims 1 to 10 wherein the
sub—frames relate to the Physical Uplink Control Channel

or the Physical Downlink Control Channel.

12. A computer program comprising program code means adapted
30 to perform the steps of any of the preceding claims when

the program is run on a processor.

13. A computer readable medium comprising a computer program
of claim 12.
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10is set. 15. A network el enent or processor therefor, as clained in claim
14 which is a user equi pnent or base station. 15 16. A network el enent or
pr ocessorwoheriaieres as clainmed in clainms 14 or 15 havi n@CTERREIN62773

send/ recei ve scheduling requests via the Physical Control Uplink Channel of
an EUTRA system 20 17. A network el ement or processor therefor, as clained
inclains 14 to 16 including neans to analyse the uplink traffic pattern to
identify itshe wpl hekwoeguidlenmmtt, o18.plodedyor K teleerEnt: , or a A OCEeSs S alo
therefor, as clained in 25claim 17 having neans to identify the start
and/ or end bF2BEPAL s U t S°FAL BAr SIGPIFHAML. TeT4OSTA Het wer IEBIBHER2 or

pr ocessor thegetorcas olal medyifgChalakl8 pheishiosel duburstyddatidc is

voice traffic or 30Vol P data packets. 20. A network el ement or processor
t her ef or, asr@hamnealon crarasepdivo 09 hahedglneangea@e§m§pnés§wschéﬂul|ng

reque t(s) e. nunber o Transm ssi Intervals Qr

D011/ B367b8Het) ERPO0ST 562973053 S lb Franbe CHat CHAve arksedd Sifce Pie | ast
Uplink Grantaks be&édhmaﬂgaﬂ@qayﬁﬁnéﬂdéghsnéeg@elgabu@d ZlmeAp§£NWHk

el ement or processor therefor, as clainmed in 5 clains 14 to 20 havi

means to sugB?esél§Eheé@ﬂpﬁﬁeméaﬁes?§cﬁﬁdﬁheanuﬁﬁéﬁadﬂ'ﬂﬂﬁ?dﬁﬂﬁﬁﬂﬁ

Intervals ofosub:framps bhat,laug.elansedisiace the Arevigus seheduld g

request is Iess than a pr eternlne i nteger “value. 10 22. A network el enent
or processodathereforesasnclaainegidal channel and a masking parameter

10 is set.

15. A network element or processor therefor, as claimed in

claim 14 which is a user equipment or base station.

15 16. A network element or processor therefor, as claimed in
claims 14 or 15 having means to send/receive scheduling
requests via the Physical Control Uplink Channel of an E-
UTRA system.

20 17. A network element or processor therefor, as claimed in
claims 14 to 16 including means to analyse the uplink

traffic pattern to identify the uplink reguirement.

18. A network element or processor therefor, as claimed in
25 claim 17 having means to identify the start and/or end of

data spurts in bursty traffic.

19. A network element or processor therefor, as claimed in
claim 18 wherein said bursty traffic is voice traffic or

30 VoIP data packets.

20. A network element or processor therefor, as claimed in
claims 14 to 19 having means to suppress scheduling re-

quest (s) 1f the number of Time Transmission Intervals or



clainms 14 to 21 wherein the neans to suppress scheduling requests conprises
nmeans to intermttently turn on/off its transceiver. 15 23. A network

el emrent asocbavosewsi n any of clainms 14 to 22 wherei n t hecsmrimansssrel at e
to the Physical Uplink Control Channel28r the Physical Downlink Control
Channel . 24. A network elenment as clained in clains 20 to 23 wherein 20

the integer value may vary according to traffic type, base station or cel

| oad or thesperiodhest yhoft MHferestpses sepekt $he25last Uplink Grant

is less than a predetermined integer value.

21. A network element or processor therefor, as claimed in

5 claims 14 to 20 having means to suppress scheduling re-
quests 1f the number of Time Transmission Intervals or
sub-frames that have elapsed since the previous scheduling

request 1is less than a predetermined integer wvalue.

10 22. A network element or processor therefor, as claimed in
claims 14 to 21 wherein the means to suppress scheduling
requests comprises means to intermittently turn on/off its

transceiver.

15 23. A network element as claimed in any of claims 14 to 22
wherein the sub-frames relate to the Physical Uplink Con-

trol Channel or the Physical Downlink Control Channel.

24. A network element as claimed in claims 20 to 23 wherein
20 the integer value may vary according to traffic type, base
station or cell load or the periodicity of buffer status

reports.
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