Handl i ng a scheduling request trigger TECHNI CAL FI ELD The present invention
relates to a nethod and an arrangenent in a user equipnent. In particular,
it relates to handling scheduling request triggers. BACKGROUND In a typica
cel lul ar VAW B§RTem also referred to as a wrel ess cBRHIEPUAOFWM syst em
User Equi pnments (UE)s, also known as nobile termnals and/or wreless

term nal s communi cate via a Radio Accesds Network (RAN) to one or nore core
net wor ks. The user equi pnents may be nobil e stations or user equi pnent
units such as nobil e tel ephones al so known as "cellular” tel ephones, and

| apt ops wi th wirel esdacdgdabidl iat ychedylingobiclo@etsér firagioiean, and t hus may
be, for exanple, portable, pocket, hand-held, conputerincluded, or

car - nount ed nobil e devi ces whi ch communi cate voice and/or data with the
radi o access network. The radi o access network covers a geographical area
which is divided into cell areas, with each cell area being served by a
base st at iT&GHNCAHL FIELORadi o Base Station (RBS), which in some networks is
al so called "eNB", "NodeB" or "B node" and which in this docunent is
referred to adheaptesest isventionnelatas ted methwndangcanaregngenent inmasendasipmentdi o

cover age ilr?ggrﬁi&}f%ngﬁgelgt%sWF?ar{o‘?lgég?%%g@ﬁrtegﬁés‘?ﬂig%‘éw.p”ent at a base station

site. The base s I ONS contuni e alr Interface operating on
radio frequencies with the user equipnent units within range of the base
stations. In the end of 2008 the first rel ease, Release 8, of the 3GPP Long
Ter m Evol BAGKGROUEP st andard was finalized and the release 9 is currently
goi ng on. Evolved Universal Terrestrial Radio Access (E-UTRA) is the air

i nterface thatn atypieabeelliular radio system,| alsaniefestedde ag arwitelgsscompnnipatiorns, t he

radi o UplLi I ISy, & 1 55 ; i nt to a
base stat isgﬁéa%é?ﬂh%ﬁgﬁﬁ%%; &%ﬁ%ﬁ%@%ﬂ’?‘%@@%‘?%ﬁa’ﬁgﬁﬁé'? %ng a base
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UL dat & Shénsniuded, encar-mibhtediroebiledevicas which sommuaicatedvaice andiordate with ther ( RLC)
entity or L4, bb&sEacksik Data Convergence Protocol (PDCP) entity. The PDCP
is an
The radio access network covers a geographical area which is divided into cell
areas, with each cell area being served by a base station, e.g., a Radio Base Station
(RBS), which in some networks is also called “eNB”, “NodeB” or “B node” and which in
20 this document is referred to as a base station. A cell is a geographical area where radio
coverage is provided by the radio base station equipment at a base station site. The base
stations communicate over the air interface operating on radio frequencies with the user
equipment units within range of the base stations.
In the end of 2008 the first release, Release 8, of the 3GPP Long Term Evolution
25 (LTE) standard was finalized and the release 9 is currently going on. Evolved Universal

Terrestrial Radio Access (E-UTRA) is the air interface that is used in the LTE.

In wireless communication systems, the radio UpLink (UL) is the transmission path
from the user equipment to a base station and the radio DownLink is the transmission
30 path from a base station to the user equipment. In LTE Release 8, the arrival of new UL
data, of higher priority than the already existing data or new data of any priority when
there is no previous data, to the UE buffer triggers a so-called Regular Buffer Status
Report (BSR). There are side conditions to this, such as only data for a logical channel



upper layer of the RLC entity However the basic idea is captured in the
arrival of new UL data triggering a regular BSR The regular BSR, in its
turn, trl‘ggers a Schedul ing Request (SR). The SR trigger triggers an SR to
be convey®l WY 287 phase station which is then inforned FHQ{SE%%@/OWQ

equi pnent has new data that it would like to transmt. The SR is
transnitted either on the user equipnent2s preallocated scheduling request
resource on a Physical Uplink Control Channel (PUCCH) and is then known as
dedi cat ed IsforgirgSR)a Isiginak Channed Groumt-613) aericansidgreds 9nd fardval etinewatlb dlata t he
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that the u 0 wait until such an opportunity is avail able.
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for a new thedwffer siatus after the MAC Packet Data Unit (PDU) including the BSR MAC control
20 element is built. A BSR is always included if a BSR trigger is pending in the user
equipment at the time of building the MAC PDU, unless all data can fit in the MAC PDU

but there is not room enough for a buffer status report in addition to the data.

Once the size of the user equipment buffer has been reported to the base station,
25 there is no need for the user equipment to send additional SRs as the base station now
knows how much data the user equipment has to transmit. The SR trigger can hence be
cancelled in the user equipment so that the user equipment will not send any D-SR on the
next D-SR opportunity.
Please note that in the following, the following terminology will be used:
30 The term “arrival of new data” is used to indicate arrival of new UL data in the user
equipment buffer, with all side conditions for triggering a Regular BSR satisfied.
The term “reception of grant” is used to indicate the reception of a Physical
Downlink Control Channel (PDCCH) grant for Uplink Shared Channe! (UL-SCH)

resources for a new transmission.



The term "SR" and "scheduling request” is used to indicate signalling of
D-SR on the PUCCH The term"SR trigger" and "scheduling request trigger"
is used to indicate a pending SR Wen expressions such as "buffer status
report actBAt¥I2PBY first data" are used, it means that PERSERUPPO6E at us
report reflects whatever is left of the first data after the transm ssion
in which the buffer status report is in8luded has been received. Currently
it is decided that an SR is considered pending until cancelled, i.e. an SR
trigger that {Thetgyer‘baosmaissipanbdata’sis asedfo indicBR transmissiosioflbt edtaoemding
until can | ' kLSt lal:e: Transm ssion Tinme

I nt erval %?‘H%q?uﬂac{essgﬁkﬁ%d\%;@ggqg% ?%ﬂ%létﬁ%rngw%@ﬁr'c&ources for new
transmi ssi on dhetgmaSREdnd Npheduling requestasusedde indigaté signaltirgeofde 8Rtdnethe i f
UL-SCH re s are available for new transmssion in this TTI, all

pendi ng SR(s) shall be canceled as it was considered uncl ear when UL- SCH
resour cés wer dhgtermt ‘SR triggert ard fsebeguing requiestdriggaCls uged it indicatera pendingT|
when t he SCH resources were available. The clarification says that the
SR is cancelled in the TTI when UL-SCH resources are avail able. SUVMMARY It
i's an obj ect d¥henrexpiassions suth ax'bpffenstates eepodacamirdsfar firsh datatareagead gtrent
that inpr | ' : | | rk.
Accor di g TS T MRS SRR obdh IefEclb i e et SRR B} bt enlihaT )
met hod i ntransmigsior inuwvipiaie tite uffer Statusirepart ia inoluded as ibgen expevet. tri gger. The
user eqyi pment conprises a buffer. After receiving data arriving into the
buffer to be transmtted to a base station, the user equi pnent generates a
schedul i ng r e§ueentiy it isgigerded Tad ap Sitid ubnsidered gerding until ggrgelled, igeaniBRg unt i |
it is can nd_j | ' . b ndi - nd.ved
dat e, The "ageF thet (BfertTnd LuRARESSh BHAESR, ¥ cOheictel RN vl cAlBad fe e
when t he gancelledinthe firsgessile T ransoéasendfiine hntefvat (Td 1)s aseduiown @s sebfirarse,
trigger i 1 r f rt to be included in a
schedul ed%vé\%fegeg%tgﬁg%gggﬂc%%fo?ggget;aﬁgrgﬁsé@;éfeeérféﬁodt he base station, or when
t he datid t hat Moréaygeiitdustraeentg beemteddedthat ihdL Stbcasbiregs aecavadablé firncl uded
in a sche LT 1SS] )t ; : I on,
whi chever “%%@%P g'%\tslg'roét"?{h ccofé‘?ﬁ%'{fnf %Réigﬁlgg eaéag'gﬁl%gg% n&agacl%ﬁ%@én@?on, t he
obj ect i s uaclkarwieh Bh-SEHesburdes wer grarted e thepreseptionaf alRDECH geardor in

schedul i Nehd PAYGRN thé U@%H rég&ﬁrclﬁ Wer@gwilgglg.n'}‘he clarification says that the SR is
cancelled in the TT| when UL-SCH resources are available.
20

SUMMARY

It is an object of the invention to provide a mechanism in a user equipment that
25 improves the performance in the wireless communications network.

According to a first aspect of the invention, the object is achieved by a method in a

user equipment for handling a scheduling request trigger. The user equipment comprises

a buffer. After receiving data arriving into the buffer to be transmitted to a base station, the
30 user equipment generates a scheduling request trigger. The scheduling request trigger is

pending until it is cancelled, and is triggered directly or indirectly by the arrived data. The

user equipment cancels the pending scheduling request trigger when the data that

triggered the generation of the scheduling request trigger is accounted for in a buffer

status report to be included in a scheduled data transmission to be transmitted to the base
35 station, or when the data that triggered the generation of the scheduling request is



conprises a buffer. After receiving data arriving into the buffer to be
transmtted to a base station, the user equipment generates a schedul | ng
request tri gﬂ The schedul ing request trigger is pendi (% until it

cancel | edVOZRW/128927 1 ggered directly or indirectly by tRE @FF‘?I\‘)/@@O%ta The
user equi pment cancel s the pending scheduling request trigger at any tine,
but keeps track of what data that has ei4 her been accounted for in the
buffer status report to be included in a schedul ed data transm ssion or

i ncl uded dincladed ip a schetided daladianentisdiondo be rasmitted imtharkasentationathichelent has
not been a d for in any of these two ways. \Wen a next scheduling
request opportunity appears, the user equipnent sends a scheduling request
if and only if the buffer conprises data that has not yet been accounted
for in any of he
nventi on, ¢ ne GprdftcrEuofFabbeR Bline MERId, e difedt i Sricher By Ehetfoa
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transmi sot SUIBME gBh 4 SoHGERRAd repfest crntPtle Wlid: SRIFSES BiladTifen not
schedul i1hgyetdgaestcovptedrforiniany ofithedwe ways mentienad. equi pnent s sends a
scheduling request if and only if the buffer conprises data that has not

yet been accounted for in the buffer status report. According to a fourth
aspect of the Ammwgmtmru@smt@&memsveaum dhveecbjegt imachieveddy @ mpetbad infar

Cont | gur et 555 SadieRErof GEUARG o sh ety rekoBstifer Al (R BhupRERY confirisf? 1. &'
arrives i naobutfiéreAtterfreesiving detaus ée trequ’nlpﬁém a base statiorg @rriyirigdets the bfteer at i ng
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or i ndi r ectriggetiy peuhrbngwmtlluesjcmﬁed ’anélsljgmered]dqrmm indirectly by the arrived
data. The user equipment cancels the pending scheduling request trigger when the data
that triggered the generation of the scheduling request trigger is accounted for in a buffer
status report to be included in a scheduled data transmission to be transmitted to the base
25 station, or when the data that triggered the generation of the scheduling request is
included in a scheduled data transmission to be transmitted to the base station, whichever
occurs first. Alternatively the user equipment cancels the pending scheduling request
trigger at any time, but keeps track of what data that has been accounted for in the buffer
status report to be included in a scheduled data transmission and what data that has not
30 been accounted for. When a next scheduling request opportunity appears, the user
equipments sends a scheduling request if and only if the buffer comprises data that has

not yet been accounted for in the buffer status report.

According to a fourth aspect of the invention, the object is achieved by a user
35 equipment for handling a scheduling request trigger. The user equipment comprises a



further conprises a cancelling unit configured to cancel the pending
schedul i ng request trigger when the data that triggered the generation of

t he schedul in uest trigger is accounted for in a buffer status report
to be inc‘WGd‘@g’”@?Pé schedul ed data transmission to be tP&ASKPIPAH%D t he
base station, or when the data that triggered the generation of the

schedul ing request is included in a sch@dul ed data transm ssion to be
transmtted to the base station 110, whi chever occurs first. According to a
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request er conprises data that has not yet been
accounted for in any of the two ways nentioned. According to a sixth aspect
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these two ways. The user equipment further comprises a sending unit configured to, when

a next scheduling request opportunity appears, send a scheduling request if and only if

the buffer comprises data that has not yet been accounted for in any of the two ways

25 mentioned.

According to a sixth aspect of the invention, the object is achieved by user
equipment for handling a scheduling request trigger. The user equipment comprises a
buffer configured to receive data to be transmitted to a base station, which data arrives

30 into the buffer. The user equipment further comprises a generating unit configured to
generate a scheduling request trigger. The scheduling request trigger is pending until it is
cancelled, and is triggered directly or indirectly by the arrived data. The user equipment
further comprises a cancelling unit configured to cancel the pending scheduling request
trigger when the data that triggered the generation of the scheduling request trigger is

35 accounted for in a buffer status report to be included in a scheduled data transmission to



cancel the pending scheduling request trigger at any time, but keeping
track of what data that has been accounted for in the buffer status report

to be included in a schedul ed data transm ssi on and what data that has not
been acco¥AZBH/ B’ and when a next scheduling request SpPSERUAYYOHppears.

In this alternative the user equipnment further conprises a sending unit
configured to send a scheduling request 8f and only if the buffer conprises
data that has not yet been accounted for in the buffer status report. The
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no schedul 1h%9tng§&98ﬂe3%${e?at@%tf HYRAEETRE oduesPilodids 26 éséb%méh'f&qn LaRest S

are cancel rone nnecessarily se requests lead to
i ncreased Btatusréparttiade lmilddqﬁon @rgchedlulgd daa tr nn@néygaﬁq/bg tramr@ttepd)to top bastk

Shar ed G“aaaﬁ n ofaﬂew &%Sda?aethegtrggarfedt?% ﬁ%ﬁ%ﬁ%@é&@&m@%@@f@neous' y

cancel l ed ScC reques e user e ot being able
to trangfi tncuele@mu msqhedulbdﬁa@rtrarsm@mnnge:mammmd @Fthﬁh@smtawwes The

i nvention ngs
illustrati {Hg'cgg\%? BF&ﬁQﬂﬂsﬂ%f%{eﬁneaggéﬁg%a nc%@rllstetﬂe lﬁ’ven'f1 §§ﬁl%$§nf?éqmﬁéllgrﬁlbg%f gwr el
is a schenamy tunehlmgkmmg tranktof athiahdatp thab hasrbesnaageobiated Fard the buffesstatus

Schematlc (Uoahé In'olu‘dé&i) b0 R ARASER Pand WA Btatnbthad REBESRL | C

di agrami | em anal ysi's Figure IS a schenmatli c di agram
illustrati ag:ognbddmrnﬁhssamellmgwm lead $stheamerhebavipt theadvaptage of cancelling

20 a pending scheduling request when it has served its purpose. This is only guaranteed if
the scheduling request is cancelled when the data that triggered it is accounted for in a
buffer status, or the data that triggered it is included in a scheduled transmission. Thereby
the performance in the wireless communications network improves by making sure no
scheduling requests are sent unnecessarily and no scheduling requests are cancelled

25 erroneously. Unnecessarily sent scheduling requests lead to increased interference and
potentially to unnecessary grants for Uplink Shared Channel resources being sent by the
base station, and erroneously cancelled scheduling requests can lead to the user
equipment not being able to transmit data in its buffer.

30
BRIEF DESCRIPTION OF THE DRAWINGS

The invention is described in more detail with reference to attached drawings
illustrating exemplary embodiments of the invention and in which:



Figure 5 is a flowhart depicting enbodinents of a nethod. Figure 6 is a
schematic diagramillustrating an analysis of enbodinments. Figure 7 is a
schematic diagramillustrating an analysis of enbodinments. Figure 8 is a

a

Fi
schemat i VHiZAYYA#%71 | ustrating an anal ysis of enbodi men®§T/SERYU3 | s
schematic block diagramillustrating enbodi nents of a user equipnent.
Figure 10 is a schematic block diagram i/l lustrating enbodi nents of a user
equi pnent . DETAI LED DESCRI PTI ON As part of the present invention, a problem
wi |1 firstAigured isgeschematig diagiandilkisiiatingprobkemmaenalysisned above it was
recently decided that all pending SR(s) shall be canceled if ULSCH
resources are available for new transmssion in the TTl, as it was
consi der ediguie Reifra sghematic diggram distiatingprotder agalysised at the reception of a
PDCCH grant or in the TTI when the UL-SCH was avail abl e. Now, consider the
case of cancelling the pending SR trigger in the TTI when UL-SCH resources
are avaid dliguse 3i isca sehematia Wingramsillpstratingrpeablemtanalysiscor di ng to the recently
decision. Figure 1 illustrates an analysis of the alternative to cancel a
schedul i ng request at transm ssion of UL data when new second data arrives
to the usédigusedi pnaschematit Slock diagram flustrating @mbiodimérits of a wineless s r ecei ved.
Assune that the 1 n performed: First data has arrived to the
user equi pnent b&?’#\h@m#ﬁ?r@@p@? data has triggered a buffer status
report. This first data has also directly or indirectly triggered a first
scheduligng; e | r : j Lhg request at the next
schedulﬁong:iq:tgggezs:ag{)%%\rgﬁl?ﬁk%p&%gb@g‘ﬁgﬁaq?E’gé{b&é&(}uest opportunity has
occurred and a first scheduling request has been transmtted to the base
station. E X [ A j il ding. It will be
cancel | ed ' cr)%lbt fstaaniﬂég-%%%gﬂgﬁrﬁﬁlﬂglﬁtgb éf%%[yﬁé%gtémghb'ﬁ%i ne, there are
then two different cases that appear, case a) and b) illustrated in Figure
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U o1 ot SR e Sy S8 RSS2

the transm'ssion o case OW ng steps: Step
100. New second data arrives in the user equi pnent buffer. This second data

tri . . e i . |
i rect |3 a0t e TPl RNE BREk bisbfrd Gk rauh BBt 6% Goehehphnelt. '
schedul i ng request trigger to send a scheduling

20 Figure 10 is a schematic block diagram illustrating embodiments of a user equipment.

DETAILED DESCRIPTION

25 As part of the present invention, a problem will firstly be identified and discussed. As
mentioned above it was recently decided that all pending SR(s) shall be canceled if UL-
SCH resources are available for new transmission in the TTI, as it was considered unclear
when UL-SCH resources were granted at the reception of a PDCCH grant or in the TT!I
when the UL-SCH was available. Now, consider the case of cancelling the pending SR

30 triggerin the TTI when UL-SCH resources are available, i.e. at transmission of new data,
according to the recently decision.

Figure 1 illustrates an analysis of the alternative to cancel a scheduling request at
transmission of UL data when new second data arrives to the user equipment buffer
35 before grant for the first data is received. Assume that the following has been performed:



request for the second data at the next opportunity. Step 110. As a
response to the first scheduling request sent to the base station, the user
equi pnent_receives fromthe base station, an UL grant for transm ssion.
Step 115.WORBI¥E28RY and second schedul i ng request tri gg&FI/SEPUOGENE ng

I mpl ying that the user equipnent will send a scheduling request to the base
station at the next scheduling request dpportunity. At this point of tine a
schedul i ng request opportunity occurs. |l.e. this scheduling request
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status repdkgrant nd anamitting thendata.inicase bithe userregyinment b npsehedyindwhat ever
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transni 33i 50 hasrpeen fmde.  Since the rule in this exanmple is to cancel SR
at transmi eppoptunityf odoursoaftes thet transagsionpithsndate. cancel s bot h pendi ng SR

triggers at thi | untd tHE fol V&éps: t he base station does not know how
to interpret P’f@'"?g‘é%?ﬁ s?c e ul?ng equpesét 115. Based on the second
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t hat coul d have been use er equi pnents. For case b) there are
| ess probl ens. StapsidfeAs Asesronbe i the fiest sghedulingieaues senid thacbassstatignethe

ot ot s r epaid alpREn BRI RO M b o SR P i he
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scheduling request opportunity. At this point of time a scheduling request opportunity
occurs. |.e. this scheduling request opportunity occurs between receiving the UL grant
and transmitting the data according to case a). Therefore the user equipment again sends
a scheduling request to the base station although a grant has already been received. This
25 is unnecessary to send and is confusing for the base station to receive. This is a
disadvantage.
Step 120. In this step the user equipment transmits to the base station. It cannot be
known for sure if the user equipment transmission includes data from the first or second
data since the grant is just a grant of resources and the user equipment makes the
30 decision of which data to transmit. The second data may be of higher priority than first
data, in that case parts of second data will be sent. However, a buffer status report is also
included in the transmission to the base station, unless all data can fit in the transmission
but not a buffer status report. If included, the buffer status report accounts for whatever is
left of the first and also for the second data after the scheduled transmission has been
35 made. Since the rule in this example is to cancel SR at transmission of UL data, the



Step 110. As a response to the first scheduling request sent to the base
station, the user equipnent receives fromthe base station, an UL grant for
transm ssion. Step 120. The user equipnment transmts to the base station.
Agai n, itWQaZHW@tZSEE‘é known for sure if the user equi pmren®CISEAYMOIYIHN

I ncludes data fromthe first or second data. A buffer status report is
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wor se probl ens |
request triggers at this point of time. This is good since no further scheduling requests

need to be sent.

Step 125. A scheduling request opportunity occurs at this point of time, i.e. after the

transmission of the data according to case b). The user equipment had no scheduling

25 request opportunity between receiving the UL grant and transmitting the data as in case
a).The scheduling request triggers are canceled and therefore not pending any more. This
means that the user equipment will not again send a scheduling request to the base
station at this next scheduling request opportunity. It is OK that the scheduling request
was cancelled at the transmission. Since the second data arrived before the grant, it is

30 assured that the second data is accounted for in the buffer status report or fully included
in the transmission. That is good and safe.

In the case a), the scheduling request trigger has not yet been cancelled when the
scheduling request opportunity occurs. Hence, a new scheduling request is sent, although
the user equipment has already received a grant in response to its previous scheduling

35 request. There is no need for the second scheduling request in the case shown, but the



followi ng exanple related to Figure 2 and 3, where the user equi pnent gets
new data to its buffer after a grant corresponding to the first scheduling
request is received. This new data triggers a scheduling request trigger.
Looki ng aVO2MW13#°27i ne, there are then two different cag’gysgﬁ%%wéﬂﬂﬁ%ar
case a) illustrated in Figure 2 and b) illustrated in Figure 3. In this
exanple, as in the exanple in case a) rédPating to Figure 1, the user
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user equi pment buffer. This first data has triggered a buffer status report
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sending a bﬂmagpxmplee@fa@gﬂo figura @ anehd, “@éf%@ﬁltﬁﬂbeqm@eﬁmqaﬁwq y.
The SR Oppgg bR Nell?graﬂf;&ﬂfersggncﬁ%lo%é ﬁt@?éch@ﬁ&ﬁﬁqbaﬂﬁt [sSEL&GRId. rhis new
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still penddatg triggerss s¢he§gllngamg@¢stérwgep&ﬁolsln@ﬁhaﬁ'mlllbﬁ tbqare@_e Hendwo For case

| tp )t he SR
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station at the gfaansm ssion later on. The buffer “status report accounts for
the first aiardhe Gangnission efdBedatal ). New second data arrives in the user

equi pmegp buf f @reasd Bi Snd in case b) there are two respective alternatives, alternative | and
alternative Il. Figure 2 depicts case a) alternative | and case a) alternative I, and Figure 3
depicts case b) alternative | and case b) alternative Ii.

Hence Figure 2 illustrates an analysis of the alternative to cancel SR at

25 transmission of UL data, when new data arrives between reception of grant and
transmission of data corresponding to the grant for case a) wherein the user equipment
has an SR opportunity between receiving the UL grant and transmitting the data. Assume
that the following has been performed: First data has arrived to the user equipment buffer.
This first data has triggered a buffer status report trigger. This first data also directly or

30 indirectly via the buffer status report trigger, has triggered a first scheduling request trigger
for sending a scheduling request at the next scheduling request opportunity. The SR
opportunity has occurred and a first scheduling request is transmitted to the base station.
The first scheduling request trigger is still pending. It will be cancelled upon transmission
of UL data.

35 For case a-l) assume the following steps:



second data triggers buffer status report. This second data further,
directly or indirectly via the buffer status report trigger, triggers a
second schedul i ng request trigger to send a scheduling rﬁguest at the next

opportuni‘?’?.zoﬁ%’ég@écond schedul'ing request trigger is p&hdiSEYPIALWed | as

the first scheduling request trigger, triggered by both the first and the
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t he base
status report which will be sent at the transmission.

Step 250 case a-l). The user equipment transmits the packet data unit including the
buffer status report, which buffer status report was triggered by the first data (mentioned
above) and which buffer status report accounts for the first data but not the second data.

25 Since the rule in this example is to cancel scheduling request at transmission of UL
data, the user equipment cancels both pending scheduling request triggers at this point of
time. At this point, it is difficult for the base station to know how to interpret the second
scheduling request sent; it does not know if the second scheduling request corresponds to
second data, or if it corresponds to the first data, whose scheduling request trigger had

30 not yet been cancelled. If the base station does not send a grant, it risks leaving the user
equipment with data in its buffer, unable to transmit, and if it does send a new grant, it
risks that this grant was unnecessary and the corresponding transmission will only be
padding. Additionally, if the second scheduling request is not heard by the base station,
€.9. because of excessive interference on PUCCH or PUCCH coverage problems, the

35 scheduling request triggers are now cancelled and no new scheduling request will be sent



station, the user equi pnent receives fromthe base station, an UL grant for
transm ssion. Step 220 case a-11). New second data arrives in the user

equi pnrent _buffer. This second data triggers a buffer status report trigger.
This secoN®20428%2rt her, directly or indirectly via th&CHEERUPON0EE ys
report trigger, triggers a second scheduling request trigger to send a
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case a). Therefore the user equipment again sends the scheduling request to the base

station, since the user equipment’s both scheduling request triggers are not yet cancelled.

Just as in Fig 1a, this is unnecessary in this case, since both first and second data will be
25 included in the buffer status report sent on already allocated resources.

Step 250 case a-ll). The user equipment transmits data and the buffer status report
in the built packet data unit, which buffer status report accounts for the first data and the
second data. Since the rule in this example is to cancel scheduling request at
transmission of UL data, the user equipment cancels both pending scheduling request

30 triggers at this point of time.

In the case a), both case a-| and case a-ll, an extra scheduling request is sent, but
when receiving it, the base station only knows that it has received two scheduling request
and cannot distinguish between case a-l and case a-ll, i.e. whether the same data was
behind both scheduling requests, or if additional data was received for the second

35 scheduling request. Correspondingly, the base station does not know if the buffer status



and depending on its guess it risks either wasting a grant or |osing track
of the new data, the base station having inaccurate buffer size estinmation
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upon transni s§iasre gfillusiralgaten. analysis ehthe ailernative toucancehscleslulingirequest aps:
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buf fer. Thj : N ' dat
Purt her | AIsDRBREYE ety Uin 4B GHeh Wal BraarfiidBed AR IpertddnatscAddling! &
triggen$ seaussiriggerdirerd¢oting@ schgddisng requegbatithe nextenbedulisg heswesti ng r equest

t th t i i . 1t
The 11 ot CRRRERAL Y soheatnGReles: GitRfufty Has ofclmitdEha £AH: Bofldbird 5701 20 e
report inredusspadresmited to thaibase wtation Theffirsisckeduiog requpstittiggeads stitli gger ed by
the first gﬁﬁiﬁ%Wﬂl |cgﬁc%lg|§]fg§5? ﬁ%ﬁédﬁﬁsi&‘?wl}]dé’tﬁ?oums for the first data

but not the setond data. erulen 'S exanple is to cancel
schedul i ng For case b-1) assume the following steps:

20 Step 300 case b-l). As a response to the scheduling request sent to the base
station, the user equipment receives from the base station, an UL grant for transmission.

Step 310 case b-l). During a time period the user equipment builds a packet data
unit, such as a MAC PDU, for parts or all of the first data to be transmitted in, and includes
a buffer status report in the packet data unit, unless all data can fit in but not a buffer

25 status report. The packet data unit shall be sent to the base station at the transmission
later on. The buffer status report accounts for the first data.

Step 320 case b-l). New second data arrives in the user equipment buffer. This
second data triggers buffer status report. This second data further, directly or indirectly via
the buffer status report trigger, triggers a second scheduling request trigger to send a

30 scheduling request at the next opportunity.

Step 340 case b-l). The user equipment transmits the first data built in the packet
data unit and includes the buffer status report in the packet data unit, which buffer status
report was triggered by the first data and which buffer status report accounts for the first
data but not the second data. Since the rule in this example is to cancel scheduling

35 request at transmission of UL data, the user equipment cancels both pending scheduling



request at transm ssion of UL data, the user equipnment cancels both pending
schedul i ngrequest triggers at this point of tinme. This neans that there is
no | onger any pending scheduling request triggers to indicate that there is
second dawgzﬁw/ltzﬁ?—?ﬂuser buffer, even though no schedul i R§TREFUEL0%Hr ¢ he
second data has been transmitted to the base station yet, since no

schedul i ng request opportunity has appedfied at this point of tine. In this
case, the scheduling request needed for the second data will be |ost! Step
350 case breqyest Xiggets at tisipaint of tine. Fibisameansdbiat therg is eg lesger apymanding t y
occurs i.e r 1S § ' No
cchedul | ng* gl bkt FBRSRG TR ol WEreEL BT I, oy AR, Blen 10,
So as nentihonghinasehedulingrentest fardheseqond daka Hasibepndrapemitiad tathedage | | be
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st ati on, 5t this caserthe gchegiutimg requegingeded fopthetsecomshdataslbipe 98t! an UL grant for

transmi ssi on. %g@ﬁ?cgsggag rfg"lél% %,gnwggegafgagdgﬁ@ea&éét\sﬁaorww BEUSBE.

equi prent  buf fer I's sec [ urfer status report trigger.
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arrives befoothe segondidatg wilhke loat Rbis islnetgogdi t i nstead of after. Step 330
case b- Ilb). During a tine period the user equi pnent builds a packet data
unit, such as a MAC PDU, for data to be transmtted in, which data is built
in the packet [ertcaseb-i) asepoethenfgllomng Beppriority of the data in user

equi prent s’ bugdear UHChAs § 'P%?é‘t th8 SbisRfing tdadbstadfl BarBskedat a
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data unit shal )t il bARe&n the St ST bafer! Aligr on.
The buffer st a%ﬁgesrzég%trsftbg"c)éggwggé&or 'ﬁb%t ﬁ ??r st aﬁcré'y;cond data. Step 340
case b- I1b) secbind datadriggars a buffen status neport tiggencThisisecoad datanfurthers diectly pat us
report in | | EiftRoger 1G5 Ry & S stfher the
first dat ahgﬁ%ﬁﬁﬁﬁéég%%%dégtstghe@hgE?({&Ee r%ﬁ e (?n t 5| S exam.a?ggtt o cancel
SR at transeiteppartungy. loithislaase, b-ihgliflesiag frenpraperbrit the saeenddataariyentefag SR
trigger at, t.hi ' I e case b-11). At this point of tinme
an SR oppoPP'@ﬁrﬁtggggékﬁ?éat%.dgﬁ I%%a:d(r)?f%ﬁgr:t ransm ssion of the data according
to case b). NoS®R 330iqageb-l)s Dyeingia timegieriedthietusprsauiament huds a pagkebgata4o.
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data unit depending on the priority of the data in user equipments’ buffers. The user

equipment includes first and second data according to priority, and a buffer status report

in the packet data unit unless all data can fit in but not a buffer status report, which packet

data unit shall be sent to the base station at the transmission later on. The buffer status

25 report accounts for both first and second data.
Step 340 case b-ll). The user equipment transmits the data and the buffer status

report in the packet data unit, which buffer status report accounts for the first data and the

second data. Since the rule in this example is to cancel SR at transmission of UL data, the

user equipment cancels the pending SR trigger at this point of time.

30 Step 350 case b-ll). At this point of time an SR opportunity occurs i.e. after the
transmission of the data according to case b). No SR trigger is pending since it was
cancelled in step 340. This is good in this case since first and second data are already

transmitted or accounted for in the BSR.



transmtted or accounted for in the BSR As can be seen, case b-11) works
wel | but case b-1) does not. In both cases, the triggered second scheduling
request tri%er is never sent as it is cancelled when the first data is
transmit t¥Q20150%8%%ér, if the second data is not incl ude§CTRERHAOHIE er
status report sent as in case b-1), the base station will not know about
this data. Two things may save the situHtion: The user equi pment receiving
a grant for other data, not in response to the scheduling request never
sent, since tiAe capfASAPR.FagE bdh wanks wejtkutcasg b1) daesingtidn botbghses; ther at us
report, OfrigheRescebndSuiitdulilg GG didher Isfivar donfas it catbiddiheithe isth! ess
one of thes€ occurs, the user equipment has no neans of sending a new
schedul i n§atadg tressmitind.i Howayer. fifthe seeqndidatshia motircikdeshin the buffertstatussieportbuf f er
status re il 2 1P the' < N 1 ' o L [ ul i ng
T equost - Loncaran Ete b B tnelalsd sBiNGh MITRi ki Bbodtdni i 968 WHesmay B8
consi dePathesituslion Themsergauipment receiving agjastior other Hatai netdmraspensedo theovi de a
mechant s MebRedbiitty Rigqueft HeBEEnt (shle theBARWRSSiSSn B bRAIRNGRIGR 4 fifiep! el ess
communi cations network. Referring now to the present solution, Figure 4
depi ct s a Statuslepar, af @riAMNPR Heingringassed byrtheqorivahof et orwidata. pr esent sol uti on
i's inplenment e@}nle-gg%n%mkgﬁ§C&P§Wb§§%¥@8§1eﬁyﬁéseﬁ3 %anééfs%n@ﬂ%g wpased
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comuni cati ons system comuni cat1 ons sys ri dw de
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communi 1gatifarSorSietl-BIRMGRE IRFir&C i d'9 sERMRT Rqli0%t. HOWEVRK (Ris ﬁ'%\"' ' ng.

The wirel ess communi cati ons e2€st ém%%ggﬁ conpri ses aqgase stati'on serving
a cel | 11hasaHeiniusevalue el 320 ms ovhich agdds gensidasable detast i on such as an eNB, a
Radi o Base Station (RBS) or any other network unit capable to comrunicate
over a radio carrier with user equipnments being present in the cell. A user
equi pment 120 Thekefrie fisearwakiedtaf eninyentiop & provids a mechasisieid ayset he base

station 1} uiB%%gt that ilprévet M p&iRRhée iffind m&aga’ %ar'grﬂgmgﬁfo%smgmio% uni t's

such as MA to the base station 110 over adi anne The user
equi pmed®t 120 may be a terninal, e.g. a nobile termnal or a wireless

oo s AR 1 RAIAGGE yRes B Wilg: 5002,
communi catc@mpenicationsssystem1i08:in whish thenprasent splutien isdeplemestei The wirelessice
oo Ses TR PRt A0 1 ket Lhph sl Sl G B e
LTE communications system, Worldwide Interoperability for Microwave Access (WiMax)
20 or any other wireless communications system handling scheduling requests for uplink
scheduling.
The wireless communications system 100 comprises a base station 110 serving a
cell 115. The base station 110 is a radio base station such as an eNB, a Radio Base
Station (RBS) or any other network unit capable to communicate over a radio carrier with
25 user equipments being present in the cell.
A user equipment 120 being present within the cell 115, is served by the base
station 110, and is therefore capable of transmitting data packet units such as MAC PDUs
to the base station 110 over a radio channel 125. The user equipment 120 may be a
terminal, e.g. a mobile terminal or a wireless terminal, a mobile phone, a computer such
30 ase.g. alaptop, Personal Digital Assistants (PDA), or any other radio network units
capable to communicate with a base station over an air interface. The air interface may

e.g. be an E-UTRA air interface used in LTE.

The user equipment 120 comprises a buffer, to which buffer new uplink data arrives
35 thatis to be transmitted to the base station 110. The data may be voice data, video data,



that is to be transmtted to the base station 110. The data may be voice
data, video data, photo data, text data or any other kind of data that a
user may want to transmt. The arrival of new UL data, of higher priority
than t he WPP8Y¥A8%Yi sting data or new data of any prior PEY @Hm?ﬁé?e is no
previ ous data, to the user equipnent buffer triggers a buffer status
report. The arrived new data further difl€ctly or indirectly triggers a
schedul i ng request trigger to be pendi The indirectly triggering may be
per f or med shottdataatextdata af amw@berdamchoftda?ag@e&% userody wantde rapsmit. dhert  whi ch
in turn tr t

tri gger wi PT B E] Bo g B e ey o e Bl Y o
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al ready tri a response to a schedul i hg request 'the base station

110 typi cawpyinkumed that tromuseﬁlqu-pmwt 120 haseneysdata halit prawi ke o trangiit. dy ant i s
specific tg, r%dHlﬁ'greg@ééll ﬁ@?@? |sgéf'\dlﬂﬁfor AStSRALR e,d s%édﬁh@‘béqﬁ@ﬁ% tfyb@al@r ddtved

data in that lorities set and signalled to the
user equb pmmmlﬂe@y@gcm atriyed data amlaaﬁcheé@'agtfﬁ@{esémgﬁf c!?@smphmﬁ tted

on the resguie t%%ﬁ %ﬁﬁ%ia améhanw.mﬂpﬁatmﬁso@%@a @M me@b@qhaﬂo make

the handling o e SscC i ng procedure nore reliab h wll inprove
t he per f or trigoerediitnButitfuihercdata ete aglediseeanddsiata, r?é't"(ﬁ@ﬁk thea“ﬁ?éﬁ@”'?@e“t

schedul | ”9bﬂﬁWﬁﬁ#erﬁw@'%éd@ﬁ%@é&“é&%b&e# bfuiticP SERAURR] oo d hgsaregel | ed

as follows enbo endi ng scheduling reques
cancel | ed e¥vemif a Behegiyting @ﬁu@StﬁfﬂQQgg@r@Gaﬂhﬁ'g%ﬁéduI ing request is accounted
for in gsbuffer status report to be included in a schedul ed data

transm ssion to be transmtted to the base station 110, or when the data
that trigger edAs Réesponeeitd 2 pehadulingreauess therkasedtationd 19 tyrigaly sensts atat a

uplink grant to the user equipment 120. The grant is specific to a user equipment but not
associated with any specific arrived data in that user equipment. Priorities set by the eNB
and signalled to the user equipment 120 decides which particular data that shall be

25 transmitted on the resources that the user equipment 120 has been allocated.

To make the handling of the scheduling procedure more reliable which will improve
the performance in the wireless communications network, a pending scheduling request
trigger according to the present solution is cancelled as follows:

30 In a first embodiment, the pending scheduling request is cancelled when the data
that triggered the scheduling request is accounted for in a buffer status report to be
included in a scheduled data transmission to be transmitted to the base station 110, or
when the data that triggered the scheduling request is included in a scheduled data
transmission to be transmitted to the base station, whichever occurs first. In this latter



transm ssion to be transmtted to the base station, whichever occurs first.
In this lattercase the schedul ed data need not be transmtted, just

included in the patent data unit that a bit later will be transmtted.
Al t er nat i YQIZNV/R23922 second enbodi ment, the pendi ng sche®@GTSEPIPEH9eLt i s

cancelled at any tinme by the user equi pnent, but the user equipnent 120
keeps track of what data that has been &counted for in the buffer status
report to be included in a schedul ed data transm ssion and what data that

has not b&@pe hessheduer datp nead aothretransmilted; justinelided inghe eaigatdatappibiatini t y
appears, t i Fmgﬁ.m 20 sends a scheduling request if and only if
the bufferﬂ?tolgrr%?iwges kata't%dz'lit has not yet been accounted for in a buffer
st at us report Altgmabvely irgseeendsmbadimentyihadpendipe schedyling readestiiepncelgsest i n
the first | j I " ing a
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S
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generates a status report trig er stat'us report trigger

i s tri ggerbeiffenstatup eeperty PR thatidata hasnetyesbeemsentuser equi pment 120 gener at es
a scheduling request trigger, which scheduling request trigger is pending
until it is cancelled, and which generation is triggered directly or

i ndi rectd y by Thadresent saldtionaelating i amathod imiheibase stationi 40 &ir handiing ast ep of
generatin : L ; L i alef :

Genor at 1 o oreg Ee B g, RTbrciid S oRBIMARETA Mdbe ftschies
trigger whelerencea ta \heflowshart derjeted édFigyre hAsanentiongd above, the user equipment

120 comprising a buffer.
The method comprises the following steps, which steps may as well be carried out
20 in another suitable order than described below:

Step 501
The buffer in the user equipment 120 receives data to be transmitted to a base
station 110.
25
Step 502
This step is optional, according to some embodiments, the user equipment 120
generates a buffer status report trigger. The buffer status report trigger is triggered by the
arrived data.
30
Step 503
The user equipment 120 generates a scheduling request trigger, which scheduling
request trigger is pending until it is cancelled, and which generation is triggered directly or
indirectly by the arrived data. In some embodiments, wherein this step of generating a
35 scheduling request trigger is performed indirectly, the generation is triggered by the



data. Step 504 According to a first enbodi ment, the user equi pnent 120
cancel s the pendi ng schedul i ng request when the data that triggered the
schedullqg qgest is accounted for in a buffer status report to be

i ncl uded YR 281%28¥dul ed data transmission to be transniFFE§EW80@ﬂ@6%ase
station 110, or the user equi pnment 120 cancels the pendi ng scheduling
request when the data that triggered thé&scheduling request is included in
a schedul ed data transm ssion to be transmtted to the base station,

whi chever ganetation fof thetbuffehstalye mepanfrigasradich in durp avpsdriggered bythe amivednence be
cancel | ed the same tinme instance as the MAC PDU including a buffer

st at us repor? MAC control elenent is built. Wien a packet data unit such as
a MAC PDU is buiIt it includes a buffer status report such as a BSR MAC
control elene k accounts for data remaining in the user equi pnent
buffer after t bU|Id|ng t he packet data unit. Such a buffer status
report i% i nclmwlngtoa fisstf grabbodimentuthe uegrogquinment d 89 carcearctheirandiag the tine

that the 88W9 r qat}%gl %ﬁ?%%(ﬁaﬁl {hapﬁég?{ggﬁféoéchtebﬁlm %%%@Cﬁ%&i b user

equi pnent nce endi n en t ta that
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represente d
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when th repor at triggere uest
cancel ed. MEéullngWst mlgesf may hensedwescantelizd @b hecramertinoe instange as the MA9| me,

and can_DepHIYRIRRPS pafer SRR M CERRRILIERRN SRS Dei ng cancel ed upon

cancel lation o status report that triggered that
pendi ng schedLNthrgarpeq@;siata unit syches alb@EDU ig bailt, it inghides adulfeidatusent, a

pendi ng Scité?gglshn&g% fﬁ%&%Aé%ﬂga Iérﬁerﬁwgkfﬁlﬂts@f?gdatalr&ﬂgim turhth@%@@iel ' ng

t he correspon er status report trigge a current schedul ed
data tr aﬁseqtsmmm buffér afien theuad duiiding thie panket gleta i §U€matbuﬁ%f§é%d5 temert is
correspond ; t uffer
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that triggered the scheduling request is included in the a buffer status report represented

20 by a BSR MAC control element or when all data that triggered the scheduling request has
been included in a MAC PDU for transmission. In the context of the LTE standards, such
a method of operation can be understood as the user equipment 120 canceling a pending
scheduling request when the buffer status report that triggered the scheduling request is
canceled. Here, “when” does not necessarily connote a coincidence in time, and can be

25 understood as the pending scheduling request being canceled upon cancellation of the
pending buffer status report that triggered that pending scheduling request. In other
words, in at least one embodiment, a pending scheduling request trigger is canceled, e.g.
along with canceling the corresponding buffer status report trigger, if a currently
scheduled data transmission will include all of the new data that caused the

30 corresponding buffer status report trigger to be generated, or if a buffer status report to be
included in the next currently scheduled data transmission—which may have been
generated because of one or more other pending buffer status report triggers—will

account for the new data.

35 Step 505



Step 505According to a second enbodi nent, as an alternative to step 504,
the user equi pment 120 cancels the pending scheduling request at any tine,
but the user rrent 120 keeps track of what data that has been accounted
for in th‘@OHGW?]é P72t atus report to be included in a sch&®§HSEHIG4PY63
transm ssi on and what data that has not been accounted for, and according
to sone enbodi ments, nor been included 1% a schedul ed data transnission.
Step 506 According to the second enbodi nent, when a next scheduling request
opportunity apseeiding te asecerst erabpdipantnas arolternative ta steptfidduthenger equest i f

" the bufUPREnCIR0 Since@TRE b GhRcbing red sy BPaniiile. BaFRe B0 1 1"
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ment i oned @pp dﬁ? gy med by the user equipnent 120 keeping track of data
that has not yet been included in a buffer status report, and according to
some enbodi nents, nor been included in a scheduled UL data transm ssion.
This is equivalent to having a pending scheduling request in the first
enbodi ment, but does not necessarily have to be called "having a pending
schedul i ng re®end0€ The consequence wil | homever be the same, at the next
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response to comn ransm and a

schedul i ng redfu@ﬁaltlema@g@embayinmt dreneses equipment t20omaylinternally caheel litaf f er
status re | : - t r t
bt f o aondng Sufiing EBkSu EPWLACP R ANR, Borofl & drRF icRlnd e o BE
causes 1& time thatride gangeled acppeding ta thg diest embndiorent mrstem5@4 avhibe diillfalfitiagt aught

herein, agyandagRAMMaleHd l'égtgﬁ%g tﬁéﬁgﬁbl 1419}ss RERARNIG 2RI Srtohah B3

report triggers and correspon rng reques rlgger
prevents g usek eguipment 120 l@@om\mtmk of datk tham ham sotysé beayincipdexhin allddfer and/ or

Bnd T esul Lok e thd LELERD W AARE R AMIGHE FE b Pk BRI LHAMIE RE o1
wi || al sodajagransivigsiont Tibis isoeruivalerd tcabwgaapmdlng schgdelirg raqukst in the first
20 embodiment, but does not necessarily have to be called “having a pending scheduling
request’. The consequence will however be the same, at the next scheduling request
opportunity, the user equipment 120 will send a scheduling request if there is data not yet

included in a buffer status report, and that data has not yet been sent.

25 Further, in some embodiments as mentioned above, the buffer status report trigger
may be generated in response to new data incoming to an uplink transmit buffer, and a
scheduling request trigger may be generated corresponding to the buffer status report
trigger. Thus, receiving new data into the uplink transmit buffer causes a new buffer status
report trigger to be generated, which causes a new scheduling request trigger.

30 In one or more embodiments taught herein, advantageous handling and cancelling
of pending buffer status report triggers and corresponding pending scheduling request
triggers prevents uplink data from becoming stuck in the user equipment 120, and/or
prevents or at least reduces unnecessary scheduling request transmissions and resultant
unnecessary uplink resource grants.



correspondi ng scheduling request triggers may be inplenented as flags or

ot her logical indicators, which my be set or otherw se created to indicate
t he pendi ng status, and cleared or otherw se deleted for cancell ation.

Fi gure 6W8IZG§Y1@§%2§S an anal ysis of the present sol uti oRCACESHYHYOt 0 t he
first enbodi mrent when new second data arrives to the user equi pnent buffer
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a schedul e ] 354 anhsmtted to the base station,
whi chever %%%%trj gr%ﬁ?rgﬁgg ﬁ%tgﬁé&;&sg?er%l%{lﬂ'gt the foll owm ng has been perforned:
First data has arrived to the user equi pnment buffer, which corresponds to
step 501 in Figure 5. This first data has triggered a buffer status report,
whi ch corresponds to step 501 in Figure 5. This first data has also
directly or i riigueect illysteatesgrearalysis of the presencsglution gcearding 4e thedryyger for
sendi ng a \he! rfifagtto HNRAHL F b@BRYrAASE Y
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transmtte ' ' ' SSHiESfor i 4 90er
SR p%ﬁ@hgsrﬁ%@%Egg’ﬁlg%g}egciét%n\aﬁr@g?ﬁgﬁg?ef %‘{R‘E?‘é'ﬁ@pg%%n%c&o different
cases t hat buffepetatus, reperst ke ingdndedin a $dhaduled data tiansmisgigndo be trepsnaife@ta) | t he
user equip i | t inbiihgABhYR ARG FeRfeBbY1 N9
the UL gr aﬁ?%%ﬁ%g‘tgtr'%ﬁi}n&tof ﬁﬂ?g%;é ké&'@%@gﬂu@? °€Q§ﬁgﬁr§eﬁyﬁe gser eqﬁc‘l‘ pér%r@nt 120
has no scheber theglatathatisiggerpp thet sohiedyling sequeshis incdudediim g schedulgd dataint and
transmtti . ' eito e islidldl rERESSe MDiakYurRE sq4ig af ter
tho.tr ansri SErssifiols taiSifed o R G stdtin, GhbRSe, BRRAE pisCiAskrie ebggs' " Step
600. News sthabthd fallawingaasi bees performtasl: Fisirdataasarayad todhe user epHipesk » data
triggers Uf T . |.S S i Rfeted/a Bliffdr Rekitiect | Y
via the ba\f"&gi& Cg{r%sﬁbtﬁgaérj@p%%gﬁ Pg%@ré St ﬁﬁgg%} gﬁg%sagég)@% sc?leJlfﬁri ngu request
trigger toreperiowhictscdrexspbidrtorstepielt indiguréb. Husfirsbdatahes alsediredtlyeds 610. As
a response; f ' i Sraflinyt dbidxn atL 10,
t he user eﬁh?%cﬁr@(r?ﬂ&gfé%tar@%g?%égma rbﬁ%éfgﬁgé&g s%rﬁr?jg’i smsssi gr@# rglr’n t ﬁe base
station 11MeSespscbedulinpuequest apparupity shichtormeepansis to slgriSedimtigured. Jhoel ds a
packet dgt 8chidQliing request opportunity has occurred and a first scheduling request has been

transmitted to the base station 110. The first scheduling request trigger is still pending.

Looking at a time line, there are then two different cases that appears, case a) and b)

illustrated in Figure 6. In case a), the user equipment 120 has a scheduling request

opportunity between receiving the UL grant and transmitting the data. In case b) the user

25 equipment 120 has no scheduling request opportunity between receiving the UL grant and
transmitting the data; the next scheduling request opportunity occurs after the

transmission of the data.

For case a) assume the following steps:
30 Step 600. New second data arrives in the user equipment buffer. This second data
triggers a buffer status report. This second data directly or indirectly via the buffer status
report trigger, triggers a second scheduling request trigger to send a scheduling request

at the next opportunity.
Step 610. As a response to the first scheduling request sent to the base station 110,

35 the user equipment 120 receives an UL grant for transmission from the base station 110.



such as a MAC PDU, for parts or all of the first and second data to be
transmtted in, and includes a buffer status report in the packet data

unit, unless all data can fit in but not a buffer status reEort. The packet
data uni tWORAIY12687sent to the base station 110 at the PFAREAISLIWR | ater

on. According to the present solution, all pending scheduling request
triggers are canceled at this point of 21 ne, and also all pending buffer
status report triggers. Step 615. The first and second schedul i ng request
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the Sare as 1 oreR 8t 105 ey B SeoBlunbd Feclgblinggae ple Rhripbpeidd ideiiing
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report. The p&tée620iTha usai ¢équignadnt 120 trapsthitd thetbloit garket datadnin tHelBaset t he
transm ssiipﬁt?ighﬁggr on. According to the present solution, all pending

1

schedul in triggers are canceled at this point of tinme, and al so
all pending buffer status report triggers. Step 620. The user equi pnent 120

e L L ne b B3BEhe ) Bubh sl ™SS T Lo e T I
first or secoStepé0® New secbhe datataatives in thearser equipmentulfer. iThistseeond data
transmss 'tl?dbe?soa buffer status report trigger. This second data directly or indirectly via the buffer
status report triggers a scheduling request trigger to send a scheduling request at the next
20 opportunity. This step is the same as for case a).

Step 610. As a response to the first scheduling request sent to the base station 110,
the user equipment 120 receives from the base station, an UL grant for transmission. This
step is also the same as for case a).

Step 612. During a time period the user equipment 120 builds a packet data unit,

25 such as a MAC PDU, for parts or all of the first and second data to be transmitted in, and
includes a buffer status report in the packet data unit, unless all data can fit in but not a
buffer status report. The packet data unit shall be sent to the base station 110 at the
transmission later on. According to the present solution, all pending scheduling request
triggers are canceled at this point of time, and also all pending buffer status report

30 triggers.

Step 620. The user equipment 120 transmits the built packet data unit to the base
station 110. Again, it cannot be known for sure if the user equipment 120 transmits
according to first or second data. A buffer status report is included in the transmission to
the base station 110, which buffer status report accounts for the first and also for the

35 second data since the second data arrived before the grant. The rule in this example is to



t he base station 110, which buffer status report accounts for the first and
al so for the second data since the second data arrived before the grant.
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The[) efis sa)i The schedulingrrequest trigger ie alreadseanseiet iand thasefoessnotpppding eny ty 615
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what t hes SRebassstaton 1(at the nextechedulipg resjuest appedunity. This ik gaede 1, but there
Is a much smaller probability of having an SR opportunity between arrival

of second data and build of packet unit as in the possible error case in

Fi gure 6, tharHéerver meither cdselanion gaserb) SRamypyrinecessiary saheduingrreauest seqt apd

I st r at oQoR 1 RR DU 3 A 86 Rl 100 o108 Sechbliliiafed lffeatd © ©
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data ¢ PhoRRLst folfhe el ESbioRERC g ahdt Bl el E6F THERie 28 4 12
are then tewordiabé whemtthe achesiutiigatequest opportunity 615 is before the packet unit build

612, in which case there will be an extra scheduling request sent and an ambiguity in the

user equipment 110 as to what the SR means similar to the analysis of case a) in Figure

1, but there is a much smaller probability of having an SR opportunity between arrival of

25 second data and build of packet unit as in the possible error case in Figure 6, than there is
of having an SR opportunity between arrival of second data and transmission of data as in

Figure 1.

Figure 7 and Figure 8 illustrates an analysis of the present solution according to the
30 first embodiment where the user equipment 120 gets new data to its buffer after a grant
corresponding to the first scheduling request is received. This new data triggers a
scheduling request trigger. Looking at a time line, there are then two different cases that
appears, case a) illustrated in Figure 7 and b) illustrated in Figure 8. In case a), the user
equipment 120 has a scheduling request opportunity between receiving the UL grant and
35 transmitting the data. In case b) the user equipment 120 has no scheduling request



appears, case a) illustrated in Figure 7 and b) illustrated in Figure 8. In
case a), the user equipnent 120 has a schedul i ng request opportunity

bet ween receiving the UL grant and transmitting the data. In case b) the
user equi‘ﬁﬂéﬂ’c“’li‘g@%as no schedul i ng requestopportuni tyPEESKRUAPWER] vi ng
the UL grant and transmtting the data, the next scheduling request
opportunity cones after the transm ssio2B of the data. In case a) and in
case b) there are two respective alternatives, alternative | and

al t er nat i \oppbitunitifibgtweenfecking the dagmnbandtraremitting the dataniok ot ecteeduling
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110 at t hdransmitted to the base station 110, or the user equipment 120 cancels the pending

scheduling request when the data that triggered the scheduling request is included in a

scheduled data transmission to be transmitted to the base station, whichever occurs first.

25 For case a-1) assume the following steps:
Step 700 case a-l) As a response to the scheduling request sent to the base station
110, the user equipment 120 receives from the base station, an UL grant for transmission.
Step 710 case a-l). During a time period the user equipment 120 builds a packet
data unit, such as a MAC PDU, for parts or all of the first data to be transmitted in, and
30 includes a buffer status report in the packet data unit unless all data can fit in but not a
buffer status report, which packet data unit shall be sent to the user equipment 110 at the
transmission later on. The buffer status report accounts for the first data. According to the
first embodiment of the present solution, the pending first scheduling request is cancelled
at this point of time, which corresponds to step 504 in Figure 5.



transm ssion |later on. The buffer status report accounts for the first

data. According to the first enbodi nent of the present solution, the
pendi ng first scheduling request is cancelled at this point of time, which
corresport® XY/ 8¥H 504 in Figure 5 Step 720 case a-1). PREREZULBHEHat a
arrives in the user equipnent buffer. This second data triggers buffer
status report. This second data further24directly or indirectly triggers a
second schedul ing request trigger to send a scheduling request at the next
opportunity. T3tepJda0case adhlew sasgnd daja@givesin thgaser eayipmentpyffer Thigger ed by
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request opportun I'S sC ul'ing request opportunity occurs
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schedul i ng reque not " been case a- ssune the foll ow ng
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send a for the buffer status report recelved in the transmission. Addltlonally, it was necessary for
20 the user equipment 120 to send the second scheduling request, since the base station
110 would not have known about the second data if the second scheduling request had

not been sent.

For case a-ll) assume the following steps:

25 Step 700 case a-ll). As a response to the first scheduling request sent to the base
station, the user equipment 120 receives from the base station 110, an UL grant for
transmission.

Step 720 case a-ll). New second data arrives in the user equipment buffer. This
second data triggers a buffer status report. This second data further, directly or indirectly

30 via the buffer status report, triggers a second scheduling request trigger to send a
scheduling request at the next opportunity. In this case a-I1), differing from case a-l, the
second data arrives before building the packet data unit, instead of after.

Step 730 case a-Il). During a time period the user equipment 120 builds a packet
data unit, such as a MAC PDU, for data to be transmitted in, which data is built in the

35 packet data unit depending on the priority of the data in user equipments’ buffers. The



schedul i ng request at the next opportunity. In this case a-11), differing
fromcase a-1, the second data arrives before building the packet data
unit, instead of after. Step 730 case a-l1). During a tinme period the user
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in the buiPendipaéremoatierefere thewseeeauinment 29 wilt e seepany schedulingtreawest t he
first datqodthdsBeateh a6l FRd R ooblRfiLe NGOUARRVEBSR direbedialy B3RS0 ! ) 1S
any unnecessary scheduling request sent and there I1s no anbi'guity in the
base st at isthge both fist and sggend data wilbleriacaeynted derds thentuiies status reparhseriges a- 1)

and a-| I),akgaapﬂ@,g&gﬂ JuRgdest neans that there is new data in the user
equi pnment 120 ‘that the base station 110 was not previously aware of. The

same eriSor ca$itemESteasera-Hbdheasersayinmeend 128 trapsmits date gadthe wifer siptus a nuch
smal | er prohathlihd uil%aaépl?é’taglﬂﬁ, %i&ﬁbé}ﬁé‘? sldﬂYseﬂéPbrg%tr‘chﬁ&Cﬁr frk Girdt Qatd

illustrates an analysis according to the presen utron 1n the scenario
when new @adahesaconédatget ween reception of grant and transmi ssion of data
corresponding to the grant for case b) wherein the user equi pnent 120 has
no schedul i ng request opportunity between receiving the UL grant and
transmtting Heacejneithertaase @k por case a-ll) is any unnecessary scheduling request sent

20 and there is no ambiguity in the base station 110 as to what a scheduling request means.
In both cases a-l) and a-ll), a scheduling request means that there is new data in the user
equipment 120 that the base station 110 was not previously aware of. The same error
case as described for Figure 6 is still present, but with a much smaller probability of
happening with the invention.

25

Hence Figure 8 illustrates an analysis according to the present solution in the
scenario when new data arrives between reception of grant and transmission of data
corresponding to the grant for case b) wherein the user equipment 120 has no scheduling
request opportunity between receiving the UL grant and transmitting the data, the next

30 scheduling request opportunity occurring after the transmission of the data. Assume that
the following has been performed: First data has arrived to the user equipment buffer,
which corresponds to step 501 in Figure 5. This first data has triggered a buffer status
repont, which corresponds to step 502 in Figure 5. This first data also directly or indirectly
via the buffer status report trigger, has triggered a first scheduling request trigger for

35 sending a scheduling request at the next scheduling request opportunity, which



schedul i ng request opportunity occurring after the transm ssion of the
data. Assune that the foll ow ng has been perforned: First data has arrived
to the user e%ui Eggent buffer, which corresponds to step 501 in Figure 5 .
This firsWORAIA2RRE triggered a buffer status report, \AﬁFEﬁE%‘P’P%@'%nds to
step 502 in Figure 5. This first data also directly or indirectly via the
buffer status report trigger, has triggéfed a first scheduling request
trigger for sendrigr;g a‘ezcﬁgg(jugj ng ée'&]l;esagiatl' t he neég scr:the‘g/url@ig’ng reqqquest
opport uni t gorreapod oF R EIgUEe &t id)e SS0SIUIIRG Fraileslcopporiyn HREAUTehg
request op ' Rhitteahtd fridd ishi T¥e firSCieRSAulin
transmtte t%ﬁ’tﬁ}%&ﬁgg@@gggﬁﬁ%ﬁ%@ﬁelr?i rstréstz:%g ijﬂflih:c‘shg-r’(?éeflciquest.éturIi gger S
still pendieqgest kigger igistit pending dcgerdinsrie thegprasend golutien therseheduling reasigstest
trigger w. i i ' t Eouriéd
request i sﬁ'é%%%ﬁ%gﬁiégﬁgq %gﬁ‘bﬁﬁﬁfa éérjﬁ‘tg?tg ggr%cr’ Tgf)éoéﬂtih%? glﬁ‘l%?ﬁ%%lﬁt%?gd in a
schedul edl igninea buffenstatussepert todbeiaciudethiom scheduled datadragsaissionde ben 110, or
the user eguys "GRioh H8eoPREdLa% hb BakRRURE beidifg the data
uded Fe

that triggered t etosc % ul''ng request is inc I'n a schedu dat a
transm ssi saheddingeequeshwhen thediatathahisigaered the sehedwingupauastisdnclutedin @ first .

For case bééhle?@éé Hi& trta'ﬂgwfsgloh?w%)g grtaﬁ%‘rﬁﬁéd totheHasd Qtaﬁ@ﬁ,?vl‘@él‘l&/er SRuk firgsponse

to the scheduli'ng request sen ase station, the user equipnment 120
receives fromthe base station, an UL grant for transmi ssion. Step 810 case

b-1). I ng [ qf | i ment 120 builds a packet data
unit, Etludé:h ast&rﬁﬁgeg%%a(ﬁ&ggﬁgwg@%# of the first data to be
transmtted i rStep890icase bdbAsa espense ta the seheddipgreayeast send topthelbase dat a uni t

unl ess all stﬁlchrftt%%ef Eéui{)rﬂehﬂzor}géei\?estﬂ% file bHs@Siktioh SRPOL tqraWﬂfo?h packet

data unit s ~be sent to the user equipnent 110 at the Transm ssion |ater
on. The bufr@nsmissiont us report accounts for the first data. According to the
first enbodi r j ' ' i ltng
request s cansePitag Cae B g i b e S Bk 504
in Fi guil® datagpibsusizes 8A4AC POV, forpas sealbeidthe fitsh datarte be drapsmittad iny sad

equi pnent | | %{h@ ' r b gger .
Thi s secon@agg%a P gﬁgtr%tea?@&%:agretct ﬂg?k?%ﬁ{aﬁe@ﬁn‘i&% ra?tgggeat?"afﬁéﬁ%r?gfé
schedul i ngbufteratatis reportygehich packeldata uritshal eisept todbe Bser eguipmest hitdat the

opportunit ; 5 ' ARSIHdi first
data buil ty?nﬁﬁlﬁégorﬁégﬁgﬁsﬁzf%df%ﬁﬁgng’r{gﬁﬁ% uggtsgqﬁ}ge ﬁlu%? 19 Let%' st at(ﬁ'ig ltrogﬁ?)rt I n

t he packet firgbenabadiment ofithecpresstt selutien, e rendingdirst spaeduling gepsestds Bgnaeled f i r st
data (st SQREBoPEMfhe, WHLHWYrelpoitislte stepisdl ¥ Figure 5.

Step 820 case b-1). New second data arrives in the user equipment buffer. This
second data triggers buffer status report trigger. This second data further, directly or
indirectly triggers a second scheduling request trigger to send a scheduling request at the
next opportunity.

25 Step 840 case b-l). The user equipment 120 transmits the first data built in the
packet data unit and includes the buffer status report in the packet data unit, which buffer
status report was triggered by the first data (mentioned above) and which buffer status
report accounts for the first data but not the second data.

Step 850 case b-l). At this point of time a scheduling request opportunity occurs i.e.

30 after the transmission of the data according to case b). Since the second scheduling
request trigger is pending at this point of time, the user equipment 120 sends a scheduling
request to the base station 110 at this point of time. This is good, since no scheduling
request for the second data has been transmitted to the user equipment 110 yet. Now,
there is no risk for the scheduling request for the second data to be lost!

35



report accounts for the first data but not the second data. Step 850 case
b-1). At this point of tine a scheduling request opportunity occurs i.e.
after the transm SSI on of the data according to case b). Since the second
schedul i NYOPAHVI28R ¢ ri gger is pending at this point of PCHSE2IRASWEL,

equi prent 120 sends a scheduling request to the base station 110 at this
point of time. This is good, since no s¢heduling request for the second
data has been transmtted to the user equi pnent 110 yet. Now, there is no
risk for the fohemb-ﬂga$3@qwet§ef¢ll@wmgrﬁées§econd data to be | ost!For case
b-11) assune 6 LS8Y 54). ésp&s@%ﬁ%oscﬁ@éﬁmg rézjé est @é}t%fh@%@@é‘se to the
schedul i ng requ st sent to the base station e us ul pnent 120

recei ves fstationithe uberssquipmant 420 repsives frgmdne bﬁ%ﬁStﬁhQIhgm ramt. forst ep 820 case
b-11). NewsenRedndata arrives in the user equipment buffer. This second
dat a trlggers a lbuffer status report. This second data further, directly or
i ndirectSy vi Stems2heagech-II}Nawsscongd date arrivasqde thesuser sadipmanthuiies Thisng
request tr, t

hi's case SOpTdHEUEBE £udferSihls BHof i ReoRl daaTuE ReRPbINAISYY o o
bui | di ng tvisethpduftenstatus eemm tﬂggerrssatwandascr@ﬁumg reguesh trigger wseadig- | 1) .

During at t | t, such
a5 o NG PEFOES el 1SR SEBURIFRY n i oot 1F oiePA HE R F0 e
packet datsgcond dataapsivasl befgreobuilding the p@crkuet 9ate1untt Hestead ef afteruser equi prent s'
buf f er s;q The ls?@;gs HééH"Erl? dﬁﬂg'aﬂﬁw‘né‘ dfthén?&er%tﬁ i aﬁ‘?o@@fdéa%%%td' ng to

pI’IOI’Ity er status report t he unit, which packet

data unit d@tmumt Bechsasm MAS PRY, @sdataéqbe ;tfﬁ@wttﬂm athichiiata ishudlin 8 on | at er
on. The blt{](:ﬁ‘ét &Lﬂﬁe{p@ﬂ&lﬁ of HePHHYr .g:éf%e Béls .rf b§e?teqafbﬂmeﬁt%09uﬁfér§jq{h% bei “9
t. According to

built in e packe a un enbodi ment of
present saisat eptipmenid2p éneilides first end smdsi@mommrioﬁtg prd@ byffey are

cancel | edcsgéstté§ ?pﬁpﬁ’rﬂh@ aQiEettd'a{Hsunlt""O«hﬁh tp%%«%%%@qnﬁssh%@ be k&M Aé% ds@r F' gur e S.

Step 840 e user equi transmts the data and
buf fer & aquwme@p@m atithe traesrplaweiat@raznaTm buffermt@welpgﬂfaém@t%fpu%\erfuéqéor t

accounts fQy dbend ddis Be.ﬂggﬁ\lt%‘% o Bk ELEAT Unf AR ordit );getB tﬁéﬂrs?@tﬁ@od?m%ht) of At

this p0| nt of time request opportunity occurs |
t ransm ssitod p@rsemtmwam athaae,wm firgt ans sagord ByhedNlingsieRUeR!s Rrercanee|ied At

trigger | Stm?%%i Biny dé v, WHich & r%@?orﬁ‘o%ﬂ&@lek JE‘F@LPeos 830. This is good in this
case since Tirst an secon a are alrea ransm tted or accounted for
in the BSR Step 840 case b-ll). The user equipment 120 transmits the data and the buffer
20 status report in the packet data unit, which buffer status report accounts for the first data
and the second data.
Step 850 case b-ll). At this point of time a scheduling request opportunity occurs
i.e. after the transmission of the data according to case b). No scheduling request trigger
is pending since it was cancelled in step 830. This is good in this case since first and

25 second data are already transmitted or accounted for in the BSR.

To perform the method steps referred to in Figure 5 above for handling a scheduling
request trigger, the user equipment 120 comprises an arrangement depicted in Figure 9.
30
As mentioned above, the user equipment 120 comprises a buffer 900 configured to
receive data to be transmitted to the base station 110.



To performthe nethod steps referred to in Figure 5 above for handling a
scheduling request trigger, the user equipnent 120 conprises an arrangenent
depicted in Figure 9. As nentioned above, the user equipnent 120 conpri ses

a buffer Y¥O3'WHPI2Jured to receive data to be transm tt &§TEE2HAEWSe

station 110. The user equi pnment 120 further conprises a generating unit 920
configured to generate a scheduling req@ést trigger, which scheduling
request trigger is pending until it is cancelled, and which generation is
triggered direthe ysepequipmpntetR0l fyrthsy comerisesa generating uniti20 genfigusas iopnent

120 furthe, | é‘%d ﬁfgq% |
enbodi ment6 £W%§§§%@n§%%§%¢t}' rU\PfgnEr%g ure ag%ﬁg.égﬁ?% a;ehgﬁ%grqt'lnng
schedul i ng-smeqwgd acrnduvg‘gtévgwmlonnsatnsaersdtdrra@tlytqnlrwép@sdbxﬂh@ agfiveddatd. on of
the scheduling request trigger is accounted for in a buffer status report

to be included in a scheduled data transmssion to be transnmtted to the
base sta$ion Ifite user eqwipmenhOfuniercaaprises yerneallinthunig@3@r ati on of the

schedul i ng reg&t{eﬁrd.rtgsto'mkwﬁﬁodi@i@ HeRaALdifg WRia0ts 201G Barlcd) e

transmtted t ase station r occurs st. According to a
second enbpgfidingracheduling ceauss! trigoey vmﬁntlh@g@a|ﬂgat(§@gge|rgi|&h§(gengrabgrheféhet he

pendi ng SC%?\QULIInpheélfegggﬁbettlg 'a88unt ﬂfotaﬂ)é ﬂdﬁgpsta%treﬂﬁ'?ﬁ' BintiIldedin@f What

data that has el -accounte in the buffer status report to be
i ncl uded i schedgled datalteansaiasiontte ha dansritted totheibage gigtion il 9.«swhen the date

schedul ?@i @ﬁfe@ggéra&'m”& ieﬂe ioR3f't e&ﬁih&récﬂu%&t .Qﬁmdaea iP5 SthedfureadatLd for

in any 0 ccording to ined first and second
enbodi ment transmissiarctelbei trapsumitied to 4 basestation JdP avhichevennewrs fille pendi ng

schedul i ng fe%%%h.ﬁegyo%éco\e@%&bwﬂmﬁﬁe &Aﬂau.ﬁg uﬁggﬁ@e Johﬁgmﬁé‘d%réhbél” of

t he schedul ing requ er 1s accounte fer  status report
to be inclthdeending actze@nwmeeuesiamer ahafyrﬁns%|byhketa9'r19érqckaaﬁyhaitqaé%thﬁb t he

base statipn Jih8r pdin ar&esantw é%’l&% &}ﬁ@#st%tb Had bEhl%lt&féﬂqﬁatsbﬁéHL@d t he

schedul i ng re uest 1s 1ncluded in a sche data transm ssion to be
transni 1§ edata Uansnalsmae or iscludeddirectp in tnﬁusamdwéad date tragsmissign angwhat data

al ternativgl ragk&ﬂggﬁv\kf:&olaﬁtaeeg&ﬂ r&gy §Fth€€é’eMorWa)fseq“eSt trigger at any tine,

but keeplng has en accounted for in the buffer
status report Aecorling o3 carelingdhfigt men@amaa@lmem@ﬁm@@lmrpnaﬁéovmu dat a

that has n95nflp§r%ﬂ 5@851%%@%"@&@? sORERAICH FRAueGrigher %Qﬁ%éad’g?é’ﬂ'laﬁﬁ@be@@d the

conbined firs second ment the user equi pnment onprises a
sendi ng unthe generatiomef the seeduling (aquestdrigaskis asepwted faidn a éaﬁ@'ﬁat@ﬁ)ﬁ?@ﬂt unity

appear s g Sy .ﬁmé@é&%ﬁ Y écneddngcﬂgﬁ?tuahém@ei@n wba/tréﬁsrﬁlh@d RIhE Bhss QB $RE data

that has not yet been accounte In an he two ways
or when the data that triggered the generation of the schedullng request is included in a
scheduled data transmission to be transmitted to the base station 110, whichever occurs
first, or alternatively to cancel the pending scheduling request trigger at any time, but
keeping track of what data that has been accounted for in the buffer status report to be

25 included in a scheduled data transmission and what data that has not been accounted for.

According the a second embodiment and the combined first and second
embodiment the user equipment 120 comprises a sending unit 940 configured to, when
a next scheduling request opportunity appears, send a scheduling request if and only if

30 the buffer comprises data that has not yet been accounted for in any of the two ways

mentioned.

According the combined first and second embodiment the sending unit 940 is
configured to, when a next scheduling request opportunity appears, send a scheduling
request if and only if the buffer comprises data that has not yet been accounted for in the

35 buffer status report.



mentioned. According the conbined first and second enbodi ment the sending
unit 940 is configured to, when a next scheduling request opportunity
appears, send a scheduling request if and only if the buffer congqrqi ses data
that has WO2'YP&R3Bden accounted for in the buffer stat uSCrEEAMP/OINES present
mechani sm for handling a scheduling request trigger may be inpl enented

t hrough one or nore processors, such as2®% processor 950 in the user

equi pnent 120 depicted in Figure 9, together with conputer program code for
perform ng the functions of the present solution. The program code

ment i oned abo : ' ; QUIR duct, for

i nstance in t\iﬂifgeggéré %ﬁtlorﬁg%'%@g{ma@:lQg'(r?&ggacsgp(rgy|'né‘%ﬁ%ﬁtﬁ géé&@%{;%am code for
per f or m némplamepted $hraughs onaiel mareireceseris nguch@sdeprocesson 4 intherusequi pnent
120. One i ' 1 y h W'i [ ver
feasi bl e \%ng 'Em%ﬂigroeq:? ti&;é( dcig?:r'étg??' ggéﬁeﬁﬁacﬁne%?y S %gic_?odﬁ]fér é:egfr?pp'ﬁ r

pr ogr amSc thiefunetions of thearesenkselatiqn: dhe deagrams cpde mepliagdabowsday alsodeser ver
and downl qagded it ' L QU ' enbodi nent
of the usgr e.qgia%r?te%@%{prﬁﬁgl ﬂﬂi%"3%@8%‘5@%‘86“'&?1%5’3%??(gggae‘?dg'?‘?'vei y

associ at egamying computerrriog@am coddedar perfofmingithd pregentrsolution aien beinfileadedend,
transmt ¢ L e, t W i

ant ennas. ' ﬂg{ eﬁ\%sggé qui %rﬁrtefr?'g) ?%%Fésh c%@% '{e?é}g?r%{né@g&%(ggl e ermmgfr%g’l lv%r

ot her typ&owevardeasitiewith other datardhairipns suthfasra mpevont stick. The computaripsegram
conmuni,gat.| : r r

caui prsgy Cp3oRY RrERIRAS e B er dlre b ARAA' SR ohd Aer AR BowhbEINET
herei n. Fdhe eseapplipment20pr ocessing circuits nmay conprise one or nore
baseband processors. In at | east one enbodi nent, the processing circuits
conprise one or nobre m croprocessor-based circuits, such as a Digital

Si gnal Processor (DSP) or other digital processor. Further, those skilled
in the art w 'Figﬁ@%%%h@(s%n%@ﬁb hﬁeﬁf?ﬁfhe%gi %Eﬁ ent22o iﬂSiLBiﬂ§§ro%@§siRé or e
menory circuits-e.g., hon-volatile and volatile-Tor stofing program

i nst r udSi eifeuitsparfatively assasiatechitiptrandcsivendirgyitslGadiofreauencn cgcdixenfrordtend, | n

particul a ' - Cl i 1.t i 120 incl ude
an upli nkli't’apélﬂig'r‘nﬁ? 8%%?%@9 géjt%tgg’sér@hagebdaﬁb er% ngaﬁﬁ%ﬁcgﬂrgﬁa@?ﬁ Eés'a reserved
portion of woiThe neenesmipnent 420 Isufor example datrabiletermiphl oriotherdypenifsseon, and

an associ abedrEaidAblen i WooldiBhHE Wik % BlmahicH s alent BReaAhe! and

processi ng scr erein and as referre
LTE standards.
20 In any case, the user equipment 120 is configured to implement any of the

embodiments described herein. For example, the processing circuits may comprise one or
more baseband processors. In at least one embodiment, the processing circuits comprise
one or more microprocessor-based circuits, such as a Digital Signal Processor (DSP) or
other digital processor. Further, those skilled in the art will appreciate that the user

25 equipment 120 includes one or more memory circuits—e.g., non-volatile and volatile—for
storing program instructions, configuration and provisioning data, working data, etc.

In particular, the processing circuits within the user equipment 120 include an uplink
transmit buffer such as the buffer 900—which may be a reserved portion of working
memory—for buffering data for uplink transmission, and an associated controller for

30 implementing all or part of the control and processing described herein and as referred to
in the text above related to Figure 9. That is, one or more embodiments of the controlier
such as the cancelling unit 930, are configured to cancel a pending scheduling request
when the data that triggered the scheduling request is included in a buffer status report
MAC control element or the data that triggered the scheduling request is transmitted,

35 whichever occurs first as described above. In an LTE context, the user equipment 120



in the text above related to Figure 9. That is, one or nore enbodi nents of
the controller such as the cancelling unit 930, are configured to cancel a
pendi ng schedul i ng request when the data that triggered the scheduling
request i‘é’oizﬂwlﬁgga in a buffer status report MAC contr 8CTSESHANF008} t he
data that triggered the scheduling request is transmtted, whichever occurs
first as described above. In an LTE conBext, the user equi pnment 120can be
under st ood as being configured to cancel a pendi ng scheduling request when
t he buf f ercantiset urslerstonst as being canfigypdite dandeba pendiog Fehegulinareayest whea thcel ed.
Alternativy M ; | Ler nfigured via

har dwar e, S(# { at/%p%’rgéc?{té\%gmffl'ggﬁmez?tﬁ\gﬁ&{nﬁéégﬁs?%?: ghtgerlg@k what data has
been i ncl uded Atermativelyvihe aiserceaminment'sicontroligr garbbg eenfigutegivigshardwaie; and what
data has ”Q&ftwar?%?gE%QgB%bin\M? trRretf 16 HHEK Afat' R RS bAMRRLILILY drioiiiRe. L he
user equi prrent Sends a schedul1ng request 1t It has data that has not
yet beens aacounted fbriima buffersstatus feportangvinat datpdas npt. ilecerdinplys weem@us report

but Tor st At gy R e ReRERRAAR ot (IR Bt nd Facienis 3sBfiaing | 0

buffer status re I's 1nclu hat has been assenbl ed for

t ransni ssi equdst ot hasatatmitiatieas rot yebbrenacceuted r ima buffgrstalesigpprdithet he
advant age i I i 4l i SR i n it has
served itsgljpﬁue\rwpg)%gdeg.rbq%é E&%Ssﬁ%quie {ﬂa#g%ggge'ﬁ?ﬁ ggjr(lace ngggv?Egiﬁéﬁlwgat a that
triggered buffer statusoeport isdndleded in adAG PDL thet bas keenassembled foritraas@igsignthat
triggergd it is transmtted. Any other solution will lead to anbiguities or
unnecesSary SRs sent and/or unnecessary grants. According to sone

embodi nent s, tBethembodimentsi and drieaddy thresareg behavierttbe agvanizgenigvhialyien a
schedul i ngy. i j I inh SRS i i Adj until it
i s cancel |%‘8Fﬂ§|%fa§”6%'§8f°%g&2§ gﬂﬂ'f‘?ﬁ’g reqdu'}ais?%s sha ﬁ@ggﬁggﬁ%{)}lﬂgﬁen a MAC
PDU i s assguararidedhifidandeiled when thecdataithet tigaered dris gecauntedfepp etbufiar status

cont ai ns DHIELRT oGS thi] thhefetF!s! PinbiifieddAny Oifed SltioR \illeali AL {11 gger ed
a buffer status report, or en the upl 1 nk grant can accomobdat e all

pendi ng16aambiguities ablinnetessary SRs AeRIANGIOr UNIROSSSAIY AtENSe word "conpri se" or
"conprising" it shall be interpreted as nonlimting, i.e. neaning "consist
at least of. The word "built" is equal to the word "assenbled" in this
text. The preshsrordinytorgammembodipentsi e peasenbsalitionapaiee tefescaditped fgllowser r ed

erbodi MeNt uneX 3 dcfbifuiRh HEURS & YiterdR HishiiP B LAANCART 2 CRUHAIR ] RisTY De
used. Therefore, e above enbodinments shoul d not be taken-as |limling the
scope of t bancetimde Allipendingachsiduling gapesteghalhbet ¢ancellpderienaMACR X isCL Al MV
20 assembled and this PDU includes a buffer status report which contains buffer status up to
(and including) the last event that triggered a buffer status report, or when the uplink grant
can accommodate all pending data available for transmission.

When using the word "comprise"” or “comprising” it shall be interpreted as non-
25 limiting, i.e. meaning "consist at least of". The word “built" is equal to the word
“assembled” in this text.

The present invention is not limited to the above described preferred embodiments.
Various alternatives, modifications and equivalents may be used. Therefore, the above
30 embodiments should not be taken as limiling the scope of the invention, which is defined
by the appending claims.



1. Anethod in a user equipnment (120) for handling a scheduling request
trigger, the user equipnent (120) conprising a buffer (900), the nethod
conprising: receiving (501) data to be transmitted to a base station ( 1
10), mhiéﬁoéﬁyﬁuﬁpﬂives into the buffer (900), generati R§TEERHP/0F063
schedul i ng request trigger, which scheduling request trigger is pending
until it is cancelled, and which genera¥ing is triggered directly or
indirectly by the arrived data, cancelling (504) the pending scheduling
request trigg&LAMENn the data that triggered the generation of the
schedul i ng request trigger is accounted for in a buffer status report to be
included in a scheduled data transm ssion to be transmtted to the base
station ( 110)A mgthoghHem uskeeakipraent{420)tfer hpgdlingla sehedylinglequéess trigger, thee

scheduling re s LRAClkyged 1 n. 1.SSih@n to be
Uransm tt od tgﬁﬁ%ﬁ%qffg?éﬁtgggﬂ%#dg's?'glﬁu,i'g%@??ﬁi@%ﬁ‘%@?@? i ?‘bgt 2. Met hod
accordi 15g t o cl ai necejvirfa(60 hedatz tnlpe iransmittedforachaseistajion3010), whidudater st at us

report trigger L€ } of buffer status report trigger is
triggered by tﬁgwé%wc\)/g%%ﬁtgy%ghd wherein the step of generating (503) a

schedul i ng T equesgenerating508ka pehedulingsequent trigger, Iwhidhyschaeuling requsst dat a, by
bei ng triggeredg.: fd fi: : i whi ch
in turn was tr;ﬂ'I eF%gJ% Bg'ﬂg%@ﬁ'e{fr'rgi%\eg%" é;?a gp%‘%ﬁ?ﬁ%‘@&ﬁ@g‘?%gtd!r%&&e%i m 2,
wher ei n t he st ésire¢tlydyrtbelarrived daB04) is perforned by cancelling the buffer

Schedulihg T equest o inBesoH shegbilinh ShkBaRg el RSN olg IR
handl i ng a schéigerasdhe gguesstion efithesecheduling request diggepissscoyntedior tahpr i si ng
a buffer (900) 1 Si42d: Vi . e
transmtted to’bgﬁ%}ééefﬁ%trég%{tgﬁﬂ?ndﬂgé? '%ﬁ?@ﬁédgﬁ?ﬁﬁﬁﬁﬁ‘?ﬁﬁeﬁe buffer
(900), gener at itiagsnigedjo thedare statipm Gl 10b puavben the daja that dddgeredbéredul i ng
request trigger,.i i L nd doal St G , i ing is
{rigger ed it edeT2ha ohADstiliblind oot ARG » AN SRAIRRCHRSENY, 2
pendi ngSschedultd beytrarsmitted tathe §gee stationidy O}, wicheertockersdirslg track of what
data that has either been accounted for in the buffer status report to be

included in a schedul ed data transm ssion or included directly in the
2. Method according to claim 1, further comprising:

generating (502) a buffer status report trigger, which generation of buffer
status report trigger is triggered by the arrived data,
20 and wherein the step of generating (503) a scheduling request trigger is
performed indirectly by the arrived data, by being triggered by the generation of
the buffer status report trigger which in turn was triggered by the arrived data.

3. Method according to claim 2, wherein the step of cancelling (504) is performed by
25 cancelling the buffer status report trigger, which in turn triggers the canceling of the
scheduling request trigger.

4. A method in a user equipment (120) for handling a scheduling request trigger, the
user equipment (120) comprising a buffer (900), the method comprising:
30 receiving (501) data to be transmitted to a base station (110), which data
arrives into the buffer (900),
generating (503) a scheduling request trigger, which scheduling request
trigger is pending until it is cancelled, and which generating is triggered directly or
indirectly by the arrived data,



schedul ed data transm ssion and what data that has not been accounted for
I n any of these two ways, and when a next scheduling request opportunity
appears, sendl n ﬂg§i306) a scheduling request if and only if the buffer
conpri sesVAHUERR has not yet been accounted for in aRfTEENRIAESYMD ways
mentioned. 5. Method according to claim4, further conprising: generating
(502) a buffer status report trigger, wﬁ?ch generation of buffer status
report trigger is triggered by the arrived data, and wherein the step of
generating (503) ®agcdikbPP)the pgoding sehedylinar repdesh&ridoer ateanyitimé, betct |y by

the arrived dalgeoit ek Bhuhdt BRAChIVETDRGAIRERA A n HRBURM A, o1 20 Us

report trigger turn was ere arrlve data. 6.
according to clrapor ®, ba/meiu&dwmtmhgﬂldp@daﬁ t@anmérstonmglr(ot&@fs)i directlydn ther ned by

cancel ling the &Héétﬁéd §4t8'w'aRshiRBigh lanl Whggééta tl’@?hi@ﬂ%{%&ﬁ@%édﬂt&ﬂ%ﬁ drlye

cancel ing of the schedul'ing request trig In a user
equi pneni ( 120)ofthese MQM/IBV&@F& Vé‘tﬂﬂéﬁ'ﬂﬁxl ﬁ@adglmgergguw iogpetunity BppeatSr

equi prent  (120)4 | 26 | Vi ng
(301) "dat a ot BRBIAGS AbcfeRing Fhalesbdng bl E e CORBSeS Bl bR ¢

i nto the buffernot 9ei®eengeeruniad foginBYIf the tworwaysimenyonedjuest trigger, which
scheduling request trigger is pending until it is cancelled, and which
generating is triggered directly or indirectly by the arrived dat a,

cancel | i ng (%0Methadeacgendifiortg claih&dfurihagcaneriisingt tri gger when the data that
trigger the gengy efbtaBh @ozsg%uﬁs@agt MG |E|’ig&ﬂ=.%tndnsof%9ﬁétunt ed for

in a bu statu repor d data transm ssion
to be transm t tedatus teportdrigges és tggered hy thejarayed Qﬂ*avvhen t he data that

triggered the gene‘;ngtwrgf,le,mheté}@% Mﬁ%wg?deﬁgt%ﬁ%%mﬁgag@ sta |on ( 1 10),

schedul ed data transm ssi on
whi chever occurperformed indisectiy|by dheatriveddigtaclinkeing riagereddy)the aengsationiahg

schedul | ng T eQUgs bfd SAGE rdBlrt el W Pt 88 Righdrdd Ak afrvehadat a t hat

has been accou er status repor Included I n a
schedul &% data transntsS|on and what data thathas not been accounted for,

and when a mﬂgm% OtB%%‘ﬁﬁ%t v/ﬁ@@gm\? '%letp¥ o?‘@é)@éihﬁg éwqjé peomEPby 2

schedul i ng request nly if rises data that has hot
yet been accougarsglihgthe Wﬁqﬁéiaﬁtﬁlﬁepﬂﬂmmwhﬁép wrn triggers the canceling of the

scheduling request trigger.

20 7. A method in a user equipment (120) for handling a scheduling request trigger, the
user equipment (120) comprising a buffer (900), the method comprising:
receiving (501) data to be transmitted to a base station (110), which data
arrives into the buffer (900),
generating (503) a scheduling request trigger, which scheduling request
25 trigger is pending until it is cancelled, and which generating is triggered directly or
indirectly by the arrived data,
cancelling (504) the pending scheduling request trigger when the data that
triggered the generation of the scheduling request trigger is accounted for in a
buffer status report to be included in a scheduled data transmission to be
30 transmitted to the base station (110), or when the data that triggered the
generation of the scheduling request is included in a scheduled data transmission
to be transmitted to the base station (110), whichever occurs first,
or alternatively cancelling (505) the pending scheduling request trigger at any
time, but keeping track of what data that has been accounted for in the buffer
35 status report to be included in a scheduled data transmission and what data that



8. Method according to claim7, further conprising: generating (502) a
buffer status report trigger, which generation of buffer status report
trigger |s tr| ered by the arrived data, and wherein the ste(gl

gener ati nY Wg‘as%?kchedul ing request trigger is perfor REASEAUIOEWPY y by

t he arrrved data, by being triggered by the generation of the buffer status
report trigger which in turn was trigge3®d by the arrived data. 9. Method
according to claim8, wherein the steps of cancelling (504,505) are
perfornmed by chaseblbeeg acheurbed foeransivetensa nexpechiedulingypgnest whpartunity t ur n

triggers the cag ?Jré ”s%n%pk%&%%ﬁ%ﬂh}ag gec{u%gH?gr]tc{ Mls{ 9%‘4 buﬂJeQ ﬁorﬁBHs%‘ér

equi pnent (120) 'han reques

equi pnent (120ﬁatadhgtrhamnmgyetapebufat:muntmoo mdbetbuféﬁlrstalus (epo£§ce| ve data to be
transmtted to a base station ( 110), a generating unit (920) configured to
generate a scheduling request trigger, which scheduling request trigger is
pendi ng Sunt 8. Methiod aceordiep tedainaridurhércompesiegating is triggered directly

i ndi ly b T j dt
cancel the pand) ngoeRltd (602 Bl s GRIBE dir Mhich dehefRiof Bbodt B0 L0 e
t he gener at i on staftust fiepors triggeuisitrigperahiopctve arri\a'eggiata is accounted for in a ]
buf f t at on to be
D5t SP3hl bl iink o ROAFE ML R RIATN O 10,
t ?gngrenner at)inotn peffornies ie@re@uwby the ardvpedata,iby beingl trigaeted hy &hesgﬁlmecahbe\@;;?at a

[
occurs rst h@&&fehgféﬁl%é tr@ﬂ#‘?@ﬁ%?ﬁﬁm% trn ?r(r?ajo ?1"'%1}1 {Hnlg request

trigger, the user equi pnent (120) conprising: a buffer (900) configured to

receive datgy tf &%dta’é&ﬂéuﬁgtté ‘c?lgm]i 8 sﬁhf??ﬁ%é&t@ L g a@w%&lﬁrg%gog%@ﬁ{ th' ng unit

(920) confrgure Uest schedul i ng
request tri ggepermmpéhupafgsajmgrtme bmffersta@meaorlt tigger mdnicktin tuin friggersdheng i s

triggered diregt c'ch%"r%rOfltM%&}%ﬁEejlkrée uéshﬁgghrl ved data, a cancelling unit

(930) configure 0 “cance edul ing request trigger at any
time, bt keeping track of what data that has either been accounted for in

the buf fer sbahuser &Rifiniert £1305 1drMahiifieh dcheBughEdidsetigdat e dsapsm ssion or

equipment (120) comprising:
a buffer (900) configured to receive data to be transmitted to a base station
(110),

20 a generating unit (920) configured to generate a scheduling request trigger,
which scheduling request trigger is pending until it is cancelled, and which
generating is triggered directly or indirectly by the arrived data,

a cancelling unit (930) configured to cancel the pending scheduling request
trigger when the data that triggered the generation of the scheduling request

25 trigger is accounted for in a buffer status report to be included in a scheduled data
transmission to be transmitted to the base station (110), or when the data that
triggered the generation of the scheduling request is included in a scheduled data
transmission to be transmitted to the base station (110), whichever occurs first.

30 11. A user equipment (120) for handling a scheduling request trigger, the user
equipment (120) comprising:
a buffer (900) configured to receive data to be transmitted to a base station
(110),



included directly in the schedul ed data transm ssion and what data that has
not been accounted for in any of these two ways, and the user equipnent
(120) further coq?r|5|ng a sending unit (940) configured to, when a
schedul i NYO28YNIEE 7 oppor tunity appears, send a schedul i RGTPEJILLF0063 and
only if the buffer conprises data that has not yet been accounted for in
any of the two ways nentioned. 12. A usé# equi pnent (120) for handling a
schedul ing request trigger, the user equipnment (120) conprising: a buffer
(900) configured tapganeeating ainil 4920) configurad taigenerateea sehedalingrequest idash (1

10), which dat g,géf ééﬁ%ﬁullr@gﬁgﬁé&%‘?tr bf &) eﬁ&ﬂ&hntm’i’t@@&?{ d%ﬂd hdn (920)

configured to generate a re uest trigger, sc edullng
request triggergensrabing ifi triggerad direqtly qfwd!faﬁb!élwtb%ia"é{ﬁédm ch generating is

triggered directly anélﬂqu ﬁﬁiﬁ{dﬁ) &g\f%b@ ?\:E]E%%@p(hg%ﬁdmé sERdYufind tefdedini t

(930) configured to cance % request trigger when the
data thai trigdaggsd at aey ueﬁ.ebt&ke@mng)traqkrm whahdala ha\@as etifigs been peepyated s

accounted for i iyl sEhdd ¢ 68 inclu@ed d $éhet €9dhﬁh t@an@ﬁmwﬁd data

ot
transm ssion to be transmtt ed? ﬁﬁe base station 10), or when the data

that triggered in¢ledegediiectit indhe §¢hqdn@d§@wet€ﬁnsm'ﬁglqre%nmmat datg that hagewtin a
schedul ed data gdeAngsBdieddfor fnoar&eofrtﬁé@% Wags ha tﬁ&ﬁ&%ﬁ@lpﬁkﬂf gQO&ﬂmﬂerlo)

whi chever occurs first, or nati vely the cancel ng unit bei ng

configured to ccempsising iacsepdingiuniy (940 serfiguragl toewbersa n@aftusgg@c#u"ae regyest i ne,
but keepjng trf@bgnun.%%dgﬁt Qeﬁ&?&cﬂé@éhn@%ﬁhé&?ﬁ%&bﬁ@ iftRé blifericBRpREdd er

st at us report schedul’ed data transm ssi on and what data
that has not bedata &@tb@m@@detbﬁen amaurwwéfww sl e MepYsTRentionedst
opportunity appears, and the user equiprment (120) further conprising a

sending unit (940) configured to send a scheduling request if and only if
the buffer ctirpruseeequirment:(h2R) farfandling g seheduling reBuest Higaer.meg usel t he buffer

status report. squipment (120) comprising:

15 a buffer (800) configured to receive data to be transmitted to a base station
(110), which data arrives into the buffer (900),

a generating unit (920) configured to generate a scheduling request trigger,
which scheduling request trigger is pending until it is cancelled, and which
generating is triggered directly or indirectly by the arrived data,

20 a cancelling unit (930) configured to cancel the pending scheduling request
trigger when the data that triggered the generation of the scheduling request
trigger is accounted for in a buffer status report to be included in a scheduled data
transmission to be transmitted to the base station (110), or when the data that
triggered the generation of the scheduling request is included in a scheduled data

25 transmission to be transmitted to the base station (110), whichever occurs first,

or alternatively the cancelling unit (930) being configured to cancel the
pending scheduling request trigger at any time, but keeping track of what data that
has been accounted for in the buffer status report to be included in a scheduled
data transmission and what data that has not been accounted for, and when a next

30 scheduling request opportunity appears, and the user equipment (120) further
comprising a sending unit (940) configured to send a scheduling request if and
only if the buffer comprises data that has not yet been accounted for in the buffer

status report.



