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BACKGROUND OF THE I NVENTION: Field of the Invention: [0001] The present
invention is directed, in part, to methods and systens for comunicating
buffer status reports. Description of the Related Art: 0002] Schedul i ng
information to support uplink scheduling operations has been introduced in
H gh- Seed Uplink Packet Access (HSUPA%ITEEheduIing i nformati on i n HSUPA
basically consists of buffer status and ‘power headroomreports. However,
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report formats in accordance wth need td report Uplink availability.
SUMMARY OF THE | NVENTI ON

DESCRIPTION:
BACKGROUND OF THE INVENTION:

Field of the Invention:

[0001) The present invention is directed, in part,
to metheds and systems for communicating buffer status
reports.

Description of the Related Art:
[0002] Scheduling information to support uplink

scheduling operations has been introduced in High-Seed
Uplink Packet Access (HSUPA). Scheduling information
in HSUPA basically consists of buffer status and power
headroom reports. However, communicating buffer status
reports under currently available solutions is
inefficient and inflexible due to an inability to
adjust buffer status report formats in accordance with

a need to report uplink availability.

SUMMARY QF THE INVENTION

[0003] The present invention has been developed in
response to the present state of the art, and in
particular, in response to the problems and needs in
the art that have not vyet been fully solved by
currently available communication system technologies.
Accordingly, the present invention has been developed
to enable a buffer status reporting apparatus, system,
and method.



[ 0003] The present invention has been devel oped in response to the present
state of the art, and in particular, in response to the problens and needs
in the art that have not yet been fully solved by currently avail abl e
comuni cati on system technol ogi es. Accordingly, the present invention has
been devel oped to enable a buffer status reporting apparatus, system and
met hod. [NM n one enbodi nent of the present invention, a nethod conprises
moni tori ng d00&Hge of T pius atiegdbrepuf $ErshedpresenhglBHRENbLCB, pRural ity
of pre-sel e%@&&&ﬂéb@,@%eg0%%%!%&%%@9 d oubhgepbural ipyupdl bejfers,
designating one of a plurality of buffér statuS reportin forgats gependlng
on the pre- S8t En cORBRELSRIIONSCIRY, 2am) WSt cati R§SaSEUFFEFTst at us
report to a awigwricdevi-eerthpaaaongance whéh lhedlufdferost atdfereporti ng
format desigpated. In certain eEbodine ts..{he buf%er s%ggus %ﬁggﬁging
formt m ni MR sPREus fepdrt ity Gver Head tr eBFEESHY ¢

comuni cat i ngedritrey bufffoemedtsat usepepdihg | nosongrenbodireesed ectthd
plurality of -.Sel ec iti i uff ci with a
radi o beanmpéﬁé%é?é o??ggggggé 6§3§n§8§8%?£$25?%§téhe%%?gé,ofgg%%SH]ln
certain enbotipmrt s,.ta he phetabirky 8evBUef ekl staR RPN t i"HET ofthEt s
conpri ses aﬂ%ﬁuéigﬁu@%gar&%@r tdHhalcOr B | Mk Shorh lwf-fren nst at us
reporting format. The short buffer _status reporting fornmat may. correspond
to reporti nEBRIRFINRESL at (H%f RUEERG e FLATES bedr BT dth. AGdEitonal Iy,
the | ong buffiesistaddispuegert i fgados netpooriagpands-iand epoestad dybuffer
st at us of |.tiple radi o bearer .groups. -[.0006] 1 n _so odi nent t he
desi gnati ng ?tc?@m%%h??Bh?%dOfo£§ﬁléugégfgﬁg?gu?hggpggg'bu eF%FEborting
format when ddiesd nentsaf f ichieenpleaphciyy cfo poemsdleated usionglittiensong
buffer reporft|l ] rtai [ S desy ( jt is
configured t%ééﬁhégégzég%%?gg?hégFgﬁgggggfg?egtgtgg%ﬁg %&%?%glgg¥ﬁ§i when
nul tiple bufS@@%i¢QHdQﬁ¢f@#r@mdr%uﬂ%ﬁtﬁﬁ#%@t%¢oﬁ%%e%@%f¢ng data beyond a
pre-sel ected threshold. In sone enbodi ments, the designating unit is
configured t[@08%si gnatEnt heeshain bafhbedimeatas répert ipdgreddit Wen there

is insuffici | i pagci . L0 S I Nt Sy theshort
buf f er statJ%P%%%gr%?%Eﬁgo?%g%¥ﬁé9%cg%%#%gg %gﬁﬁﬁg%%? ?ﬁf%ﬁﬁ%gﬁga_and t he

|l ong buffer States reportihedf ofttaeontdses FMiles BHLESH ordktith.
However, in gther: endodigraals t hershoshobuf fielf fdat vgateportdgg-tfiorgrat may
al so conprise a 2-bit radio bearer grou igentifi r da 6}.bit uf fer
size. In cerf%?%aEHB%Hiﬁ%ﬁfg?pPﬂg anﬁegﬁf éPgSFagﬁg%%§b5FFiﬁﬁ;fbrﬁ%t
conpri ses fostngegnerds. of Eedidrs afroupf.or rekddntienaghlgegneme thereof
corr esponding 192 gLStioct Ladionfeaten0r du-JibGrid Aidt AipodifmRaL s, (e

nmet hod may also inc € Se tin r status of a radi o bearer” group
of a highestappibférystahesrafi vubbapee §reup BEArAE BFHABSt priority may
conprise a radio bearer group having a nost anount of data in a radio
bearer group[0B0éffer. In some embodiments, the designating unit 1is

configured to only designate the long buffer status
reporting format when there is sufficient wuplink
capacity to communicate using the long buffer status
reporting format. In certain embodiments, the
designating unit is configured to only designate the
long buffer status reporting format when multiple
puffers for different radio bearer groups storing data
beyvond a pre-selected threshold. In some embodiments,
the designating unit is configured to designate the
short buffer status reporting £format when there is

insufficient uplink capacity.
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[ 0008] I nanot her enbodi ment of t he present invention, an apparatus conprises a
nmonitoring unit configured to nonitor a usage of a plurality of buffers, a
detecting unit configured to detect one of a plurality of pre-selected
conditions corresponding to the plurality of buffers, a designating unit
configured to designate one of a plurality of buffer status reporting
formats depending on the pre-selected condition detected, and a

comuni cat i i§08Hi t confi gaped eobecheHitEat &b RRAGEF BYAFRE PEPSHE to a

networ k devi g, d i AGEOf dance M&hgéﬁﬁrbgéf@rbgtét U§ h@PekihiRgohokRAE!
desi gnat ed. 0911 n certai.n enbodi nents, the buffer status reporti ng f or mat

i s confi gur €el'% o Lengi nPREIBET ¥ %t FEPCESITE ngCHVRF hed I eii%d by t he
comuni cati ngy©fst be buifernstadns repeidvedhe ishosthduf babostiakus s
reporting fornmat correspond to reporting.a buffer stat of i ngle
radi o bear er gt oLr:'ﬁrJ{'.“ag/’fﬂlw_tzIdi}%1 el ys,taltﬂjeéal orneéj%tﬁlfneqr sfteoéftmﬁaéc r é{%grt iailigS%f or mat
corresponds ¢amprepordi hgoatbuffito beatras gionpl idph&ifadiroabdare-gr oups.

[ 0010] I n song, i ts, the desig i unit LS Lgur t y
desi gnat e t%lfg%gﬂnﬂt%?erglét%ét usiﬁep%%{r:t%gnf o%ﬁn%%amgﬂ{:%ﬁer% sqggi]@ii ci ent
upl i nk capadbuffen sbahuai carerisingg fHendbngoBrT §ees statds Segpeittiong

format. In cggtaigngrodi gent s; thendesignat baghuni tedifegonf itgidneét o only
designate the |long buffer status reporting fgt}mat when nmultiple buffers for

different raePErPeRPRIIRYT oliss &t SHigt it aTBEYBn PSP - &8 red thiF eshol d.
I n some enbogkpem s, thBodeskgnatli ngheni tmetsha@dnfmgur edlso desicgnaiee t he
short buffer status reporti faormat. wh th . ] Sy ficient upljnk
capacity. [Oﬁﬂ‘lﬁ?ﬁl%%n‘g %Hﬁggirn@rjft%%,ust hogqu%oﬁ&b%f?%%% a %ggpeggr i ng
format may coighése Ipbyteiof.i nf ofimat i vadiand kdmrdonginud erofst dthes
reporting f I 3. b f.inf:Qrmati o +N

enbodi mnts%%ﬁes%g%%%ﬁ%r S%Haat%ﬁs%rog{ggrl%ienggf o?ﬁ%ttsmn%&garl%o cggﬂtrggﬁii’ se a
2-bit radio beaies growst demebhtercfandple 6:0bid Pafier P§PFEr 1IF®B tain

enbodi nent s, ,theslong buffer status reporting format conprises four
segnents of 6-bits of information, each segnent thereof corresponding to a

di stinct radj@go§earer grouPzhfPiher embodiment of the present

invention, an apparatus comprises a monitoring unit
configured to monitor a wusage of a plurality of
buffers, a detecting unit configured to detect one of a
plurality of pre-selected conditions corresponding to
the plurality of buffers, a designating unit configured
to designate cne of a plurality of buffer status
reporting formats depending on the pre-selected
condition detected, and a communicating unit configured
to communicate a buffer status report to a network
device in accordance with the buffer status reporting

format designated.

[0009] In certain embodiments, the buffer status
reporting format is configured to minimize buffer
status reporting overhead created by the communicating
of the buffer status report. The short buffer status
reporting format may correspond to reporting a buffer
status of a single radic bearer group. Additionally,

the long buffer status reporting format corresponds to
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certain enbodi nents, the nethod may al so include selecting a buffer status
of a radio bearer group of a highest priority. The radi o bearer group of
the highest priority nay conprise a radi o bearer group having a nost anount
of data in a radio bearer group buffer. [0012]1 nanot her enbodi nment of t he
present invention, an apparatus includes a nonitoring rreans for nonitoring

a usage of a Iural ity of b ers, ,and a detect means etecting one
of a plural |]f$p%? Pre- <el ?&géf cofidRERSns L orT jb]?%]u‘? nd 3% th Sprarality
of buffers. Jheuapparatus al so i ncludes a designating neans for designating

one of a plurality of buffer status reporting formats dependi ng on the

pre-sel ect edogoadi t i om@egeﬁbe@mb@mdmne@mnﬁne:ademmmfomt is
comuni catin puffer status rep

net wor evi.ce.ln accqordance with
the buffer s?%?%%g?%%%rttr g°Pd¥ e %Fe%’?%ih%t 2%“ 58}13] I%Ufofne eﬁ%&g‘l fent of
t he present repemlm ﬁomahodmnq)rlts]r&sramm:‘f.or engfacusage oplangl urality

of buffers. debect{paane: ol dplural Lixf pre- sehectade sonditiaons

correspondlng I"ur a deS|gnat|ng one of a plurality
of buffer ste@mr’repﬁ)rt |fr®gfﬂfadr mat s dTepent@Ieﬁ@aeﬁ t ey i eet ed théndi ti on

detected, ang ﬁ?gﬁ@@m ting ra byl feh SRl [ EpOIch 140 @eé‘ﬁﬁﬂ@ﬁéﬂ dexi ce in
accordance w t buffer status reporti ng f or mat %gnat ed.. I.n_certain
r

enbodi ment s, 1eR@ b?r?f%?rsté’éé*éu?epé??f)ﬁ&lf‘ MmO ERERT mEES biFReriPdeat us
reporti ng ovieti heagk CFeat ad fiFe rehe qcammn@@arétg @foﬁjﬂe bubfengsidattas

report. one_enbodi nents, the pluyralit cted ¢ ndi t.i_ons
cogprl ses aSlB PR 3sS5&EEEFNTEh tglrr aschc}/olcgear éﬁ %go rr(Edoordlcng T&ra beyond
a pre-sel ect’ekﬂetrtr%srrmiatlr{womn]lltn cer taint ignhedi nent s(;leﬂmlépte;lretlhrety of
putfer stat g Epordd. s'@e}t%sco%g?%%ﬁn% | 28gnbuT feho! liised enay i ng

format and a short er status reporting format. The short fer status
reporting forrﬁﬁ@ffr-’aw%@trle@belhb @@P@‘éb’éﬁftl ng a buffer status of a single
radi o bearer group. Additionally, the long buffer status reporting format
corr esponds [t0611]eportihlg achef fembostiatars cof the t Bppetr Suifdele &t oups.

[0015] I n SOﬂP %ﬁegwmawﬁage%%%geg 1URf b ol %fCQ.@lfﬂo&‘r'rfaQ:qotno LY

desi gnat e the status reporting format. when there |s suff|C| ent
upl i nk capack®§ t]d)ftﬁbrrﬁﬂﬁlf@ét eSHIRY RPN DufPérast At ABRPF £PBFt ih

format. In ceytakn mnbodisentsichhe However, in other embodlments
the short buffer status reporting format may also
comprise a 2-bit radio bearer group identifier and a 6-
bit buffer size. In certain embodiments, the long
buffer status reporting format comprises four segments
of 6-bits of information, @ach segment  thereof
corresponding to & distinct radio Dbearer group. In
certalin embodiments, the method may alsco include
selecting a buffer status of a radio bearer group of a
highest priority. The radio bearer group of the
highest priority may comprise a radio bearer group
having a most amount of data in a radio bearer group
buffer.

[0012] In ancther embodiment of the present
invention, an apparatus includes a monitoring means for
monitoring a usage of a plurality of buffers, and a
detecting means for detecting one of a plurality of

pre-selected conditions corresponding to the plurality
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designating unit is configured to only designate the |ong buffer status
reporting format when nultiple buffers for different radi o bearer groups
storing data beyond a pre-selected threshold. In sonme enbodi nents, the
designating unit is configured to designate the short buffer status
reporting format when there is insufficient upl i nk capacity tom n sone

enbodi nents, th ?ort buf f.er status rep Oitl ng % o¢] I’IS 1 byte
of informati®d gHg TRE | ong DUt T AT uR FRpd nFI ng of et g% rises 3
bytes of infoeamsi ofor Howenvegnatiingot bee emboe npﬁltlsaﬁhelfskmﬁt bmdffﬁer st at us
reporting fogg&ﬁgﬁ%e o§91 Wdﬁ?at% n%g%n& ge@lgr fle@%%tdl fier

i men

and a 6- bit certalne t he fer status
reporting fo¢m@ltb®(@r| éégeﬁbaﬁf seghént & oF?OBUT‘blPtléla@fmignf &eﬁﬁltsl o O&ach

segment ther@@&mﬁm&%pﬁ@dlgg b fe i siidcts r adiybeanel o ouRchidGertain
enbodi nents, the nethod may al so i1 n¢l ude sel ec%% a buffer statys of a

radi o bear erCg¥ofp of a@%@?fé%@c%r?‘%?;ht} herpu 0Sha85sHEr IFRAFF ¥ t he
hi ghest priofbtyatByes0gpatsq.a radi o bearer group having a nost anmount of
data in a radio bearer group buffer. [0017]1nanotherenbodi ment of t he present

i nvention, amggpparat us, CORRr LeesdamERRI LEr ing lléﬁ*etse@ﬂnfllr@‘érn@iohq onitor a
usage of a plurality of buffers, a detecti ng unlt&ﬁcj)nfl%;d to detect one
of a plural i B§tRPdprOmEElEcEe dT it ithse c 55PE8pdHdi hg PLU e Tyl lity of

buffers, a desfgsatj ngewpiccieenfdgured t:o desitghiate ofie pfe-mqllagtald ty of
buffer status r rting formats depending.on t r t ndi tion
det ect ed, anﬁoﬂgggﬁ%ﬁl (,cé)trlrr?ggpl?ﬁ]i "&on ?g ;Pled I’Ehleupaf |c§t qula udef’er
status repordesbgaanengorlondzewocfe i aptordante weth e feuf f evtagtuet us
reporting foEQﬁBr??ﬁﬁg”aﬁ?ﬂnat nqﬁr i noﬁrrbogh?e e_tslge_LeQ}gé‘aer

[ or fer

status report 8 is con gur n| m ze status reporting
over head cre@fedibyonhecdeahnd -caifig C@Imﬁlﬁé%?ﬁpér &t Rpdéerepgoratusrhe

short buffersbatus ‘E@poa(t'd?ﬁ:vf&rmﬁe%)éecOﬁ.hesﬁéﬁﬁr&i@né@p%itthflg heuf f er
status of a single radio bearer group Addltlonallz éhe IIon L{{fer stat us
reporting foPHa eEOISIté‘%‘énd?ﬁO&t%é}% fomr S HEPFFeratede us O Lfﬁﬁ 4Pt e radio
bearer groupsmbbQ048htn, sonehenbadiitet s, stthevdesi gapbrhngngni tfamnat
minimizes buffer status reporting overhead created by
the communicating of the buffer status report. In some
embodiments, the plurality of pre-selected conditions
comprises a buffer associated with a radio bearer group

storing data beyond a pre-selected threshold.

[0014] In certain embodiments, the plurality of
buffer status reporting formats comprises a long buffer
status reporting format and a short buffer status
reporting format. The short buffer status reporting
format may correspond to reporting a buffer status cof a
single radio bearer group. Additionally, the long
buffer status reporting format corresponds to reporting

a buffer status of multiple radio bearer groups.

[0015] In some embodiments, the designating unit is
.configured to only designate the 1long buffer status
reporting format when there 1is sufficient uplink
capacity to communicate using the long buffer status

reporting format. In certain embodiments, the



configured to only designate the |ong buffer status reporting formt when
there is sufficient uplink capacity to conmuni cate using the | ong buffer
status reporting format. In certain enbodi ments, the designating unit is
configured to only designate the |ong buffer status reporting formt when
mul tiple buffers for different radi o bearer groups stori ng data beyond a

pre-selected threshold. In sone enbodinents he d gnating unit
confi gur ed t%eﬂég?@ﬁh?‘é (W SShdft dR l&ursetd:at% ‘F?\@lglg??r%t t\ﬂﬁen t here
is insuffici E@hgupbuﬂkeﬁapaclaws [@@@Bkttmngorréoemamdl mwiens, mteigher t

buf fer tat us, £ EpOL T g LAIRY, JRY COURI 1135, Jo PV eo0lo AEALIRLI gpand the

| ong buffer s reporting o1 mmat” conpri ses ion.
However, in b@h@mdeﬁb@merm@qtlw shorashniid er $nateger gpdadimgrtermat may

al so conpri sgya 2 Adi gy b% éo%dﬂ%fé‘d ek oangb i Srabh t fpuf fer

size. In certain e J{rrents I ng buffer status repor(??ng f or mat
conpri ses foﬁlﬁog’égr@—hﬁ%e%f 961551“(55 61ePiOﬁfthr$at termaic hWRey et Esheridof

correspondi ngnggfglgiéﬁtng%uggl @apggj_g? group.In certain enbodi nents, the
met hod may al so include selecting a buffer status of a radi o bearer group

of a hi ghestiopiéority. 1IheoradI GIRRANRMIY OUPhOf shBet hibglest: PJﬂaGtﬁjéy may
conprise a radi o bearer group having a nost _anount_of data in a radio

bearer groupt®uP¥etNI[ HOPTAFnBAYL ﬁ@F‘Eﬁﬁé@l FeRtde Ofe PricEERtimvéRS on, an

apparatus i n@ﬂn@ldelana; rr@mftf@rri ngraEass fepormitig orflormaa U@@@pri)ée@ Purality
of buffers, cti ngﬁnrreans for_detecting one | ur I|t of

pre- selectedb% %ﬁltlonénEB a5p8Rdi ngPBSYRE pl tgﬁr
appar at us al sbei nshaodes auflési gnatags rree&}sozfmngjesf@mmu ngeagne aifsca

P ar 21ty ol cBubLeL. sLabusstoRatth ngefas% s depandig (B! e pre-gel ect ed

condition de or conmuni cating a buffer
status reporkito @ﬁ@%lﬁl@mw ceIﬁln %@@%n@@bwdtlﬁleﬂﬁé butiter st us

reporting f%ﬁﬁege%kg@%ed_nep[@@&% nfdﬁﬁa@n%ﬁﬁh§€Bo¢oﬁ6‘cmsé§méﬂ’@s present
invention, a corrput er-readabl'e, nediumijs encoded with a conputer program

configured t®fcotTOitS pPdcessdt OB pk?? or meG5er at FEARSPhat GHISREe
noni toring ac@lsa@gp@iﬁdan@l wal bt ydpét udf ersdiandodetect | lglg.n,@ne ofIra

plurality of pre-select ons_,corres ing.to t pIurallt of
buf fers. Thecgf)g?%ﬁll oﬁglgg%genﬁg’l’ud%hc?ea n tl% %ﬁg 01‘a aopl ur'a Lf&lﬂ/ of
buf f er st atusetepoitigng borfifetrs adeperdi oy @nraﬁeOpbeasebfe@tr@dlpcmfdlal on
detected, and; grOuUN SatbRged. buffehoStalys,repoliel 0 -agtwark dayd ce in

accordance Wt er status reporting fornmat designated.
highest priority may comprise a radio Dearer group

having a most amount of data in a radio bearer group
buffer.

[0017] In another embodiment of the present
invention, an apparatus comprises a monitoring unit
configured to monitor a usage of a plurality of
buffers, a detecting unit configured toc detect one of a
plurality of pre-selected conditions corresponding to
the plurality of buffers, a designating unit configured
to designate one of a plurality of Dbuffer status
reporting formats depending on the pre-selected
condition detected, and a communicating unit configured
to communicate a buffer status zreport to a network
device in accordance with the buffer status reporting

format designated.



[0023] I n yet another enbodi nent of the present invention, a

conput er-readabl e nediumis encoded with a conputer program configured to
control a processor to performoperations that include nonitoring a usage
of a plurality of buffers, and detecting one of a plurality of pre-selected
conditions corresponding to the plurality of buffers. The operations al so

i ncl ude designating one of a plurality of buffer status reporting formats
dependi ng orl00h8 pr e- sBh ected:a tondindahRstdot edheanduddsruniséatitg a

buf fer st at us, LI g t 0ra-RgE WO devhegqhieaccepdanga ikl t eyt or
status reporting or at desi gnated. BRI EE DESCRI PTI ON OF THE ,DRAW NGS
[ 00204] To endkde1? hAEPPREIPEV OMEERAR |- - 9R Y | F1REn FOMEVG362 S "For e

particul ar descrhpt ¥ @fr thestwentbontbri efley diescti badfaboveawils be
rendered by reference to specific enbodi rrenctis i1l uest r tied in ;ﬁ%f%gpended
drawi ngs. UndeRt ahd? ndOrRat (M5 eCaF AArRGR I ded ct=om V- 1S pf c &% Fébodi nent s

of the inventtotuandfare fbtgie bediondiedercad ¢goolpe. | | Mdding cofalilty's scope,

the invention will _ be,d rib d i i ddi.t.i ecificity
and detai | t%‘%ugﬁnghgugt?eérofsettdantg%ac%%%%{ﬁ%g%%gaﬂenggﬁ:rgﬁg\txﬁ?gh%o
[ 0025] FI G 1résont bhocka dikagifam ofstatsygst efm i Aubetpkeancadig t Peser

enbodi nent o rg:wgﬁspresent invention; [0026]FIG 2 is a block diagram of
user equi preht i'h accordance with one enbodi nent of the present invention;

[0027] FIG 3[0i0§9]a f O\Aircfh@%ﬁedie%o%rr%fntas,mal{’tt@dd.égignating unit is
configured to only designate the long buffer status
reporting format when there is sufficient uplink
capacity to communicate using the long buffer status
reporting format. In certain embodiments, the
designating unit is configured to only designate the
long buffer status reporting format when multiple
buffers for different radio bearer groups storing data
beyond a pre-selected threshold. In scme embodiments,
the designating unit is configured to designate the
short buffer status reporting format when there 1is

insufficient uplink capacity.

{00201 In some embediments, the short buffer status
reporting format may comprise 1 byte of information and
the long buffer status reporting format comprises 3
bytes of information. However, 1in other embodiments
the short buffer status reporting format may also
comprise a 2-bit radio bearer group identifier and a 6-
bit buffer size. In certain embodiments, the long
buffer status reporting format comprises four segments
of 6-bits of information, each segment  thereof
corresponding to a distinct radio bearer group. In
certain embodiments, the method may alsc include
selecting a buffer status of a radio bearer group of a
highest priority. The radic bearer group of the

highest priority may comprise a radio bearer group



accordance wth one enbodi nent of the present invention;, MOWIG 4 is a
flow chart diagramof a nethod in accordance with one enbodi nent of the
present invention; [0029]FIG 5 is a block diagramrepresenting a short
buffer status reporting format in accordance with one enbodi nent of the
Br](casent I nvention; and [0030]FIG 6 is a block diagramrepresenting a |ong
uffer status reporting format in accordance with one enbodi nent of the
present inveriE 9 "DEFATEDTESER PRAEN OF ‘?HE%%EFE?@E:E?EN@@PQENT (9
RIONI't shal Ipbergeadi |y understood that the conponents of the present

I nvention, as generally described and illustrated in the Figures herein,

may be arranggsijand desi gneghdiher W daRtingint of «fi fferent eeefegyr ations.
Thus, the follow ng nore detail ed descrLgt i on_of th% enbodi nent s .of the
appar at us, SYR{RHI%hd et WOH2EF i RelPFLEERF PnleALitoRi Es "FEffedéft ed in

the attachedndhOttengi @ nofadat edded todurabiteyt hef soffeeafs,t hend neent i on,
as claimed, put,ls; (T elY /PPEEFCUAING R 8RLECILTLTPALIPIEY & the
pre-selected conditions corresponding to the plurality
of buffers. The apparatus also includes a designating
means for designating one of a plurality of buffer
status reporting formats depending on the pre-selected
condition detected, and a., communicating means for
communicating a buffer status report to a network
device in accordance with the buffer status reporting

format designated.

[0022] In vyet another embodiment of the present
invention, a computer-recadable medium is encoded with a
computer program configured to control a processor to
perform operations that include monitoring a usage of a
plurality of buffers, and detecting one of a plurality
of pre-selected conditions corresponding to the
plurality of Dbuffers. The operations also 1include
designating one of a plurality of buffer status
reporting formats depending on the pre-selected
condition detected, and communicating a buffer status
report to a network device in accordance with the

buffer status reporting format designated.

[0023] In vyet another embodiment of the present
invention, a computer-readable medium is encoded with a
computer program configured to control a processor to
perform operations that include monitoring a usage of a
plurality of buffers, and detecting one of a plurality
of pre-selected conditions corresponding To the
plurality of buffers. The operations also include
designating one of a plurality of buffer status
reporting formats depending on the pre-selected

8



MD321Il ndeed, t hef eaturesstructures, O characteristics of the invention
descri bed t hroughout this specification nay be conbined in any suitable
manner in one or nore enbodi nents. For exanple, reference throughout this
specification to "certain enbodi nents," "sone enbodi nents,” or simlar

| anguage neans that a particular feature, structure, or characteristic
descri bed in connection with the %ﬁgodinent.is anludeg i? at qu§t one
embodi ment  oFORBLL PR ERCSCHFENt i T PABEUNAFRLAFIn s Bf fTEhe SiirdSes "in
certain embogép®nt s,to " i seeModergbe, " il naothedamedodiinent $le or
simlar |anguage throughout this.spegification. necessarily all refer
to the sane ?gﬁiro?t%ﬁ%%d{%%ﬁfgl%%df?ﬁ%ggeégg%%g%ggéatures, structures, or
characteristics nay be conbined in any suitable manner in one or nore
enbodi ments. [0033]FIG 1 is a block diagramof a system 100 in accordance

with one enbodinent of tdiersy eneRRTpPON benTARepdaRtaEgd system 100
i ncl udes user equi pnent (UE) 110 and a network device 120. The conponents of

the system 1 ooper i m f rti.n i-Gjency in
accordance V\k%@%‘?]an upﬁ%kgggggéi E&é%%lﬁﬁzgé?%?ﬁ gﬁ‘ggditblr?e%%&lt e
net wor k devigedd29tdsdconti guren: t crgeek¢vkabuf fepCcsLRELSNr edr t SLHS om t he

user equi pmenf, 110; o) n,5que enbadi MBSy hBEVES &1 18qUbe MRRhdeFe@ONSy gur ed
to nmonitor a usage of a plurality of buffers and detect one, of a1ﬁ%$rallty
p

of pre-sel ectefeEon@rt i(6hs SBEFLE-ELForRipg +BeaES | LSSt t hB ality

of buffers. ipoegatai MreraedjITent Inddie tuseli ngut ipae nthieseal doawirngd gur ed
to designate one of a pluralit

of huffer status reportin ermat s
dependi ng onAEREChr &15e] eEYBE‘jC%Bncﬁ Bt et 8% aﬁge co Hifcclzgfqg Pt fer
status reporaréonatnatondsk dewstdeiradaceoriganteniihgt b€ Lufsf escapat us
repor ting fopat designated. . {0035)PepRndiig POl nbnee £DRgharNtys tie

additional specificity and detail through the use of

the accompanying drawings, in whichs:

[0025]) FIG. 1 is a block diagram of a system in
accordance with one embodiment of the present
invention;
[0026] FIG. 2 is a block diagram of user eqguipment
in accordance with one embodiment of the present
inveniticn;
[0027] FIG. 3 is a flow chart diagram of a method in
accordance with one embodiment of the present
invention;
[0028] FIG. 4 is a flow chart diagram of a method in
accordance with one embodiment of the present
invention;
[0029] FIG., 5 is a bleock diagram representing a

short buffer status reporting format in accordance with

one embodiment of the present invention; and

[0030] FIG. 6 is a block diagram representing a long
buffer status reporting format in accordance with one

embodiment of the present invention.
9



status reporting format designated mnimzes buffer status reporting
overhead created by the communi cating of the buffer status report.

Accordi ngly, the system 100 operates to mnim ze buffer status reporting
overhead. As will be discussed in additional detail below, in sone

enbodi nents, the system 100 may operate to mnimze buffer status reporting
overhead in accordance with an uplink capacity of the user equi pnent.
[0036]FIG 2 is a block diagram of user equi pnment 200 in accordance with
one enbodi ment of the present invention ' iQment 200

i ncl udes a nDni?%F%¥EF§LP§SQEQ?TEQNOPS}gﬁ?tgﬁﬁgﬁggﬁéﬁﬁﬂgigbﬁﬁﬂﬁhgfers 220, a
detecting unit 230, an uplink capacity detecting unit 240, a buffer
prioritizing unit 250, a format designating unit 260, and a conmuni cati ng
unit 270. The units of _the user equi pnent 200 cooperate to xini%F buf f er
st at us repor@pﬁﬂ ef fi clenc§PhlacEsr d&REEIt hURASESEPRR ¢ €

[0037] In son@o@pmgmﬂ@ntgf tl&ﬁerm@lrte@remg URien2idn, s eenf iggureadh Ity noni t or
a usage of the allt

I tain_e i.nen
moni tori ng uﬁ??gﬁi e%nﬁ EBF 5? ﬁﬁlFR§3§£885%3rg%5%tgpena I%
det ecti ng unatr23§ed o adet ed:esngueecmf ia phuwabiet wafigre- ¢él @bifeijanﬁmdl t| ons
correspondin h lity uf f el &@Qﬁ ns wll
be di scussedgo}l?%% ?%Plg égf ai l tgﬁlll%/v bﬁ%énaf;ll&?lcnfﬁdgz rlfd&t@exanp etel&gmy dat a
in one or nofespuipeiel data itheonecBRoFPREN B f BFS 5@?0n@9?%ﬁ%@§%lected

t hr eshol d. [Qggg&ﬁn cerhal pemedi @tsthéhe deskanat iiRgctiilong60 d5
configured to deS|gnate one of a alit buf f.er stat.us reE tlng

formats depeﬁ%?ﬁ%s%%t?ﬁelbrégélé&F@HEEQn lﬁpﬁﬁsdeﬁécPQ& inF
enbodi nent s, lim@tph%kﬁl$¢dp@fobuﬁﬁﬁ§ shaéuslbepOEmarmﬂ&xma@xsbmayzmnclude a

short format_and.a |.on rmat... As wl | u rth

bel ow, in soffe’ & ﬁ%ocﬁ e,nnéaahtelvs orotﬂE b?J%)f {é@ %ﬁ%rdel%lgr% nggvf:orma
corresponds imveepmonlng a buffer status of a single radio bearer group and
the long buffer status reporting format corresponds to reporting a buffer

status of nujooB2l e radindbeajer gieups. f@@ﬂﬁ©¢$n cesttaic temeedi mrents, the
uplink capacify defectipg unile Zﬁgedet (ﬂﬁ H@Eb?ﬁb%ﬁpaEHfahégoﬁ@e user
0. 2T R-sUch” embodi e up

equi pnent 20 dien capacity detect] nit 240
may cooperatéhMﬁtkﬁp¢mﬁfmgatﬁmwlr@ﬁmnﬁﬁé26@H®@n§§ceﬁﬁalﬁnYhemab@g%bilate

buffer statug,rngpprting format, 1 R.cer t ahbo@ihodi sent s, réhe doimmie proposed
by the designating unit 260 wll exceed the up I|nkE§%EaC|ty detected by the

upl i nk capacFeyedereet i AgraneRovR0. LLoB40FPRCSHERE di hent Sttt But f er
prioritizingedpbliid8QtBRy caldmboeabedwnbhtthe uwpli BKkméapaci 1ynguage

means that a particular feature, structure, or
characteristic described in connection  with the
embodiment is included in &at least cone embodiment of
the present invention. Thus, appearances of the
phrases “in certain embodiments,” “in some embodiment,”
“in other embodiments,” or similar language throughout
this specification do not necessarily all refer to the
same group of embodiments and the described features,
structures, or characteristics may be combined in any

suitable manner in one or more embodiments.

[0033] FIG. 1 is a block diagram of & system 100 in
accordance with one embodiment of the present
invention. The depicted system 100 includes wuser
equipment (UE} 110 and a network device 120. The

components of the system 100 cooperate to maximize
10



detecting unit 240 and the designating unit 260 to enabl e the designating
unit 260 to assign/designate the nost beneficial buffer status reporting
format to the buffer of the highest priority, all in accordance with the
uplink capacity of the user equi pment 200. This cooperation is further

detailed in FIG 4. In certain enbodi nents, the communicating unit 270 is

configured to comuni cate a buffer sta%#s [egort to a net%crk deV| ein
accor dance wWiht®he shafttér %?%Hjifs”’r%pﬁ FRYSPOY mat dRSTYRATRE P “thi s

manner, the aselipeik pe®Rpdcimy. maxi m ze buffer status reporting efficiency
in accordance with an uplink capacity of the user equipnment. [00411In

certain enbolqjigg;qnts fp[rl huffreri st atis cr epartki, ngtlﬁBSI%)etwOadi odeedrers may
be classified into 4 dlo bear er rougs %REEB% { S nap§ g off&%%lo
bearers on Rﬁﬁjcbﬁlﬂoﬁ LEPEREr TP XEGCHiSs CEndEFd§ 6 Yay Aam carl y T¢onf i gur ed
by RRC. In beké Q@@ESeqampRBthﬂﬁOOnlyImnscmdeemhedmmdnbsbeaherU@EralI of
them [0042]S|nce it. m S not b sa t t the Gs gl ways (e.g
when only a FEM YR nunber SP"be fefd ars BO?EEBE & uéﬁgﬁ o o

earers are con i gured), E formats of
buf f er statu§1u5@bxtyngfwwwﬂﬁﬁnﬁwﬁﬁ¢cd@tectnqyﬁ|Q%taf5ﬂﬁﬁﬁ lto Hits may

be required %Bé g@%%&@s&thdai 1%%§Muﬁf%é%Féﬁﬁiﬂ@I%6 Q§§ele&B€ 4riuf fer

size fields oncat enat e epi ct by Figures 5

[0043]Incert%fnéﬁﬁodﬂﬁﬁﬁ%%Qﬁﬁ@ér§F§€§§Srepo¥?lﬁ&raﬁﬁﬁcﬁﬁ%QQﬁQQﬁ§§¢c>pomer

headroon1rep@ﬁésus@§uaﬁd@pmémgﬂlgFﬁg@;S@@@ﬁlgbke@ktBadbehgﬁcmesxmmaeNB

enhanced Node B TRAN Mobi | e Tel eco ni ¢ ons Service
§UNWS) Terre%grl I ?£H¥%i%&%esééj %5 T St her SkSHds, oa%r Zﬁhroom

reports haved@pendingsknlnthedqmm&éeﬂecﬁmPAcdRﬂﬁUJmMndﬁnacte@ouﬂcb
ranagenment gx‘ﬂr'n{lol%QﬁaeNBbb%f‘é'}OV&%J‘ef%ﬁér@oEo USeh RS RATRAy | &

operating cI% nmimtransmss Mor eover, due to adaptlve
transn153|onlbammmqmdampeewlthhéhasémﬂﬂﬁﬁwﬁ¢%§$%nreportlng format

designated.

[0035] Depending upon the embodiment, the Dbuffer
status reporting format designated minimizes buffer
status reporting overhead created by the communicating
of the Dbuffer status report. Accordingly, the system
100 operates to minimize Dbuffer status reporting
overhead. s will be discussed in additiocnal detail
below, in some embodiments, the system 100 may operate
to minimize Dbuffer status reporting overhead in
accordance with an uplink capacity of the user

equipment.

[06036] FIG. 2 is a block diagram of user equipment
200 in accordance with one embodiment o¢f the present
invention. The depicted user equipment 200 includes a
monitoring unit 210, a plurality of communication
buffers 220, a detecting unit 230, an uplink capacity
detecting unit 240, a buffer prioritizing unit 250, a
format designating unit 260, and a communicating unit
270. The units of the user egquipment 200 cooperate to
maximize buffer status reporting efficiency in

accordance with an uplink capacity.
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bandw dt h can be nodified on a TTl basis), in EEUTRAN uplink it is even
nore i nportant to know the power spectral density used at the use equi pnent
to avoid that, for exanple, the eNB all ocates a transm ssion bandw dth that
cannot be supported given the maxi num user equi pnment power capabilities.
[ 0044] Assum ng a power control dynam c range of 40- 60 dB and a resol ution
of one dB (finer resolution mght not be beneficial when consjdering the
actual accur[d@37lof tr ahsnisse oampodenenbasutége Mo idoiang Wikt UEY 0 s x

bits for th r I SSI f hea Qe Oftthal NoUptd Nkeyvogkd seem
sufficient. elﬁ t ggﬁ%agkgat E)Etoa?m nu %rr %f Cbl[:)i t’s ngzﬁge eldg%i ded,bgy\ﬁDRANl and

RAN4, one nilghifemsurBlin RARR GFiEialn heIEofameRsagh ¥ BOReF°heddr oom

reporting. lngdeedy;d ny s@nenenhodisenig, upover3beadopepatepoot enabkel byte
| ong. [00451NVany of the functi onsl units described %n th'a S egi fio%ati on
have been | dbe edPBRCUMIYsUNER 6rdelrCt S9T57E AT i Tl &rP Jé?r%”ﬁ $i 76 their

i npl enent at i e+ slepensieneend Fot oex anplree spondingneyo behée nplemedtisy as a
hardware circuit c ri sing stom VL j it ; ar :

of f - t he- shel‘?yse}?ﬁgg%u‘?mt or sﬁgﬁchpjé%/ %%u&éj&%#l pg?ﬁp%gﬁéﬁgt o&gﬁor DSt her

di screte composmmised Muditthey aleseiBe Hadpiverwnt edlay nipedgaamabre

har dwar e devj ch iLeld :pro blg rgatf A d @y S, aPFLoLANGRRI e array
| ogi c, progr%’%‘r%?ﬁf)féje’ I%S?chgg\?i clg{s ‘%‘F@{Tﬁg 1 ke. [0046] Units may al so be

i npl enent ed ¢1 Bofe B Fo? lexernd i P By VS GRA t YRS M Dr ocessors. An

identified unit of executable code may, for instance, conprise one or nore
physi cal or [0638ical bl brkseotascommmbedimestisuct iohsd@BigRSRRNI PEAT

i nstance, b g i;:ecg‘ : PDbEEClGe ARGEATr Ene 06 £f UNCHL@Ra 1 Neveldtthel ess,
t he execut a%gés g? an | ZgnLtﬁ{bfi ed ,uniet r?g%d not. be %S%Si%a”ﬁhl ocat ed

toget her, bubuff§r E6AHHPsE WX of PRER FBcOCERIETG & i hAi FF& ent
| ocati ons whighe-¥hen doidned chogissdd yed 0getiher cecoapni senkidue memitts ,and

achi eve the stated purpose for .t uni t 0047] 1 a i f cut abl e
code may be BESi RgE sty u‘&?i @ﬁ}ﬁ@’r‘: nﬁE@JCPﬁstI]reL?&q:&g%?, gﬁ%ér%% even be

di stributed dwverusever ahcditf f&rem: coté sedwewgt scommmng dhéf eldat Bsr ogr ans,
among di ff erenl -pLOCESTAr ¢, 800 AGLAST1SEUTLH, MRIMIchlQtiRbineIvE ) arly,

operational data may be identifie ustrated herein within units, and
may be enbodied FhoahybudifEsbissatoemraRd TéiganiAedaki tIN5GFaRPiAs thbl e type

of data strugiyser:dhe operaticonakidats ney he ecahbeet edaasoa single data
set, or may be distributed over diffe{gn% | ocati ons includin

g over
different steFage davfcesbeantPiay ¥k TSt PR AN, & TEty as
el ectroni ¢ skgpakspenda systegportheywar kbuffer status of multiple

radio bearer groups.

[0039] In certain embodiments, the uplink capacity
detecting unit 240 detects the uplink capacity of the
user eguipment 200. In such embodiments, the uplink
capacity detecting unit 240 may cooperate with the
designating wunit 260 to ascertain the appropriate
buffer status reporting format. In certain
embodiments, the format proposed by the designating
unit 260 will exceed the uplink capacity detected by
the uplink capacity detecting unit 240.

[0040] In such embodiments, the buffer prioritizing
unit 250 may collaborate with the uplink capacity
detecting unit 240 and the designating unit 260 to
enable the designating unit 260 to assign/designate the

12



[0048] In addition, while the terns, data, packet, and/or datagram have been
used in the description of the present invention, the invention has inport
to many types of network data. For purposes of this invention, the term
data includes packet, cell, frame, datagram bridge protocol data unit
packet, packet data and any equival ents thereof. [0049]FIG 3 is a flow

chart diagram of a nethod 300 in accordance w th gne enbodi nment t he
present i nveRt$onPeRREIFEAIc VY Rt NDEEBHD FRECTHEET ﬁ%ﬁQn€°3%%ebuffers,

det ecti ng 320:8f¢r eosekaet ed (fwadi tpinridesi gkt | hg 33@oadhoceatyitand
communi cating 340 a.buffer status repoert. Th erat i ons t he hod 300
provi de a sofuti 83(&[?“8% ot Hbo 3%Ltloﬁgl%t%oe n%?ﬁ% %gul%%%n g? sZtCHaOt'us ngtgrti ng
efficiency imoapeozdanteini thraheupldetlaidagdacint yEIG. 4. In certain

[ 00S0] 1 ncer { gheihodi JENt $pIOMARIENIH0 T et e B | nel ude slgalbering a

usage of one more 15 communi cat ers. | n sone enbodi nents,
det ecti ng 320° a gy @dteed acoRMf£8HN TR Y c @O det BRL | g "ERF#C ne or

nore conmuni gatioe buf farsidaiadeydata ok thatrdhesdatasi rep@Fimigcat i on
buffers has exceeded a.pre- . .
format designated. In this manner, the user edquipment
may maximize buffer status reporting efficiency in
accordance with an uplink capacity of the |userx

equipment.

[0041] In certain embodiments, for buffer status
reporting (BSR), radio bearers may be classified into 4
radio bearer groups (RBGs). The mapping of radio
bearers on RBG could be either fixzed in standards or
dynamically configured by RRC. In both cases, an RBG

may only include cone radio bearer or all of them.

10042] Since it may not be necessary to repcrt the 4
RBGs always (e.g. when only a limited number of bearers
are configured), multiple formats of buffer status
reporting may be beneficial. In a first format, two
bits may be reguired for RBG identification while in
the later case, the 4 buffer size fields may be

concatenated as depicted by Figures 5 and 6,

[0043] In certain embodiments, buffer status
reporting directly relates to power headroom reports,
HSUPA protocol (High-Speed Uplink Packet Access), elNB
(enhanced Node B), and E-TRAN {Universal DMobkile
Telecommunications Service (UMTS) Terrestrial Radio
Access Network). In other words, power headroom
reports have been first introduced for HSUPA. Radio
optimum rescurce management reguires an eNB to know
whether or not user eguipment 1s operating close to a
maximum transmission power. Moreover, due to adaptive

rransmission bandwidth (i.e., the user transmission

i3



det ermi net hr eshol d. I ncert ai nenbodi nent s,
desi gnat i ng330af or mat mayi ncl udedesi gnat i nga
buf f er st at usr eporti ngf or mat conpl enent ar yt ot he pre-sel ected condition

detected by operation 320. The operation of detecting320anddet erm ni ng330
are described in

bandwidth can be modified on a TTI basis), in E-UTRAN
uplink it is even more important to know the power
spectral density used at the use eguipment to avoid
that, for example, the eNB allocates a transmission
bandwidth that cannot be supported given the maximum

user equipment power capabilities.

[0044] Assuming a power control dynamic range of 40-
60 dB and a resolution of one dB (finer resoclution
might not be beneficial when considering the actual
accuracy of transmission power measurements done at the
UE), six bits for the transmission of a power headroom
report in uplink would seem sufficient. Although the
total number of bits may be decided by RANL and RAN4,
one might assume in RAN2 that 1 byte is encugh for
power headroom reporting. Indeed, in some embodiments,

power headroom reports are 1 byte long.

[0045] Many of the functional units described in
this specification have been labeled as units, in order
to more particularly emphasize their implementation
independence. For example, a unit may be implemented
as a hardware circuit comprising custom VLSI circuits
or gate arrays, off-the-shelf semiconductors such as
logic chips, transistors, or other discrete components.
2 unit may alsoc be implemented in programmable
hardware devices such as field programmable gate
arrays, programmable array logic, programmable logic
devices or the like.

[0046] Units may also be implemented in software for
execution by various types o©f processors. An
identified unit of executable code may, for 1instance,
comprise one or more physical or logical blocks of
computer instructions which may, for instance, be
crganized as an object, probedure, or function.
Nevertheless, the executables of an identified unit

need not be physically located together, but may
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furtherdetailinFigures4and5. In sone enbodi nents, comunicating 340 may

i ncl ude conmuni cating a buffer status report corresponding to one or nore
buffers in accordance with the buffer status report format designated by

t he desi gnate operation 330. M)511FIG 4 is a flow chart diagram of a

met hod 400 in accordance with one enbodi nent of the present invention. The
met hod 400 i ncludes the operations of nonitoring 410, buffers,. determning

420 whet her GMPELREE CHSRATRIR DU HANHatTOTqst erfi nFhg 836 et her

mul tipl e buffessthewe dahachdet estmdmi ng A4@dnvhel dietcdhiey upltionketbapaci ty,
designating 450 a, sho

f t, desi i 4 | f d i
470 buffer pryoPftss Ei‘ §i 351‘2;&' ng" Sls%g}aj{el‘?%rﬁgg ?fétﬁocneglnd&é%%i ?Eﬁ’ irnmgn:ang

buffer statusheepoit.490. The operations of the method 400 mexi m ze buffer
status reporting efficiency in accordance with an uplink capacity. [0052]In
certain enbdgpamnts, thedeeihod 400i begifnseyounatilicor toge4@ywhet her at

ot hod 400 ottt Hoes P o HBREPR! 50 FHD burt orect tonever 1o RafEfen &%
| east one bufd ediwitttibddates, then tdevemthodiddmtrentiescdye detesimgintisng 430
whet her among different programs, among different processors,
and across several memory devices. Similarly,
operational data may be identified and illustrated
herein within wunits, and may be embodied in any
suitable ferm and organized within any suitable type of
data structure. The operational data may be collected
as a single data set, or may be distributed over
different 1locations dincluding over different storage
devices, and may exist, at least partially, merely as

electronic signals on a system or network.

[0048] In addition, while the terms, data, packet,
and/or datagram have been used in the description of
the present invention, the invention has import to many
types of network data. For purposes of this invention,
the term data includes packet, cell, frame, datagram,
bridge protocol data unit packet, packet data and any

equivalents thereof.

{6049} FIG. 3 is a flow chart diagram of a method
300 in accordance with o¢ne embodiment of the present
invention. The depicted method 300 includes monitoring
310 buffers, detecting 320 a pre-selected condition,
designating 330 a format, and communicating 340 a
buffer status report. The operations of the method 300
provide a solution for collaborating to maximize buffer
status reporting efficiency in accordance with an

uplink capacity.

[0050] In certain embodiments, monitoring 310

buffers may include monitoring a usage o©f one or more
15



multiple buffers have data.lf only one buffer has data, the nmethod 400
continues by designating 450 a 16 short buffer status reporting format for
comuni cati on 490 proposes. [0053] However, if nultiple comunication
buffers have data, then the nethod 400 continues by determ ning 440 whet her
there is sufficient uplink capacity to conmunicate a buffer status report
using the long buffer stat ort format for _comuni atlo 49Q .pur poses.
If there is ggWPEFEﬂFlBBI ka{?gﬁam t@n £ RBH el iBdS406'S QEllrﬂ?es by
desi gnati ng ghe kopgebubiertstiatusdiepont ragr natcl udeweleerectiifhgt hereer i s not
enough uplink capacity to use t.he.l.on h

conti nues by H%t gr mmrﬁ%ng %fﬁm%rhecabtujﬁrgré&\%m Sdgpggu%]tg % %qbl}%%?aetr
priority hastheedadet ermi netdnunheapeohodufdersomd huexscdydedspgratdmg a
short buffergy é&@kmnéepomhaghw&m for epmmutaatimg 43 ddiedmid er with
t he hi ghest pri orltg i s manner, the nethod 400 maxi m zes buff'er

st at us repor@?ﬁg@@ﬁ Fependd0i it adeoi@dnc @awi t ANGRUES| | ks R 1g. 2

[0054] FI G Sphsrarbl ock: @ agraip Aepiesanirinag acehplembutbiey stat ttshe

reporting format 500 in accordance t h one, enbodi nent , of
i nventi on. Tﬂ@eaﬁﬁ?@%@dsI"F(S’Pfilﬁﬂrf’fle\rgeétteaﬁtﬁéi %’bo???ﬁﬁt?%? ITEESSOO I udes a

radi o bearerogeodpibtdendft yidddstiangd @20uf ke sdzeeb@dnidde 32Ei cadxearer
group identi 0 abl es.a iC b ati to
know t he buf%%ré% aigg 4 fur&ﬁo deciéet%%\ineg?h?igﬁt % a4 g%ﬁffs‘nt’er th

corr espondi ngome a ¢1_0m<dllrb@a’¢@,r grasamu e addmai n3éﬁbod¢1mm stnghedsshor t
buffer stat Uéo{g@ﬁﬁ&&éﬂgﬂéor med, pO0.- | § designaled:{ %oﬁ;%@%bhagngobw fer

status report cause t ort buffer status rep ortlgg or mat 0 1s the
nost ef fi ci eRRef oPHRtNOFDOSBIHGS 6 irs FCKPsER GRagF ARl r epteséMiRF a | ong

buf fer StatU§té€99rtk@®oB@Wﬂﬁoﬂ%gk|rﬂé@ﬁ@ﬁgﬂéﬁe wivt h toe etdwithetd of the

resent | nventl on he
P eratIon %3 Ong

[0051] FIG, 4 is a flow chart diagram of a method
400 1in accordance with one embodiment of the present
invention. The method 400 includes the operations of
monitoring 410 buffers, determining 420 whether at
least one of the buffers has data, determining 430
whether multiple buffers have data, determining 440
whether the uplink capacity, designating 450 a short
format, designating 460 a long format, determining 470
buffer priority, designating a short format 480, and
communicating a buffer status report 490. The
operations of the method 400 maximize buffer status
reporting efficiency 1in accordance with an uplink

capacity.

[0052] In certain embodiments, the method 400 begins
by monitoring 410 whether at 1least one buffer of
multiple buffers has data. If there is no data, the
method 400 continues tc monitor 410 the buiffers.
However, 1f there i1s at least one buffer with data,
then the method continues by determining 430 whether
multiple buffers have data. If oniy one buffer has

data, the method 400 continues by designating 450 a
16



buffer status reporting format 600 includes a buffer size of radio bearer
group 1 (610), a buffer size of radio bearer group 2 (620), a buffer size
of radio bearer group 3 (630), and a buffer size of radio bearer group 4
(640). The long buffer status reporting format 600 is allocated in four
groups of six bits. In certain enbodinents, simlar to the short buffer

status reporting format 50 f FIG 5, .1 uff er r rting
format 600 i%h%l%éi gHa ed for ruespolf%l?on%tl('é]%ui% Jglr‘l;!agt gto%s C?)g%%lrﬁ?cgﬁq%ﬁ tiple
radi o bearer4g® ompspbeeause the | ong buffer status reporting format 600 is
the nost efficient format. Accordingly, the present invention pronotes

ef ficiency bjpopdlovi di ngoaesotryt i ofi froxltadp st iogntlel dadrimat  afufEdnsf f er
status reporf_dep L Nng n ed., Regar. di ffer. us
reports, con}tﬁ%‘{%dgggéHSBg%? EB %T%ﬁﬁhﬁgl izlr.{ljlg'ics(,J ngég%%lsorg}gr#é gretrﬁ[{)lélzkglt
mul tipl e accé48 sdimnecr SGIRDMA) isSi avéfupdentt heBdlgkr ctamAGNGESs Yhe

al | ocat | on offAghocARSOUACES,Fef Useirddalodis: Nalshiaye Rl a tdhd ransm ¢

directly results 1n a capacity loss, the design of buffer status reporting
schene is rePaffesl ySEapBAt afePPAtE- GPRARTupIGORk. qormigsApSdrrer Sttt us

5 eP?rts in ElehE;E%@bfmy alel eweaef figr %ﬁhtfifatdi@mltbeip/yqencl lrcﬁiia?:ilt@ar efteri t h
ifferent quality o eryice 5} SL requirenents. To allow.for
di tforentiattdn SeCRRG éﬁl@, Sp 938 ESi HYeMFSdTETEY £h5 iT6h% -‘%afseerd buf f er
status reporstasuproepded, fohene.a gioweiey, buf f ehegseatias nogp@riouy be a
reduced” butfer.statys 1eport WIkCRREONLANTIMEIS" AL thd HMBY Ton for
different priority classSes’A

400 ceontinues by determining 470 the buffers with data.

After the buffer priority has been determined, the

method 400 continues by designating a short buffer

status reporting format for communicating 490 the

buffer with the highest priority. In this manner, the

method 400 maximizes buffer status reporting efficiency

in accordance with an uplink capacity.

[0054] FIG. 5 1is a Dblock diagram representing a
short buffer status reporting format 500 in accordance
with one embodiment of the present invention. The
depicted short buffer status repcrting format 500
includes a radio bearer group identity 510, and a
buffer size 520. The radio bearerxr group identity 5i0
enables a network device, such as a base station, to
know the buffer status, i.e., to determine the data in
a buffer corresponding to & radio bearer group. In
certain embodiments, the short buffer status reporting
format 500 is designated for reporting a buffer status
report because the short buffer status reporting format

500 is the most efficient format.

[0055] FIG. 6 is a block diagram representing a long
buffer status reporting format 600 in accordance with
one embodiment of the present invention. The a long

buffer status reporting format 600 includes a buffer
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priority class is defined by grouping radio bearers with simlar QS
requi rement (but one priority class mght also consist of only one radio
bearer). The nunber of radio bearer group to report should not be too small
to provi de enough information to the schedul er but cannot be too | arge
either tolimt the 18 overhead. Wth a size of 5 bits for LCID a total

of four radio. bear S ma be a m se. or di n radi o
bearers may BeZtl Qgsﬂf%}(?&fp HFB rré@dfl g]a gg]fé?wﬁs ?‘%f%ﬁ 85 A tot al
of 4 RBGs nmayadhel m:ttem) Igtrfoslpf oz @i, fiaathwoffaf tslieegr@;ﬂp radiocsone

embodi ment s éhFe}:o Bsai %H% e ?L fge%HE’Ff%E”%lzeép%rft ftgar%%ﬁ@ieb%lfﬁrer si ze

byt e- allgnedb n-su e candi dat e "si zes
may be six byroapds 146501) Hﬁ\hevélorlgab]#ffl@irt shftfusy rsipge ik efogirr\a@s a

16384 code pghpts; and 0. QLA eR S| 8urng,7 gBY e 99 nyehs A sipp bit
e % step

buffer size gives 64 co poi nts an size that_ are conparable
to 32 code p@ﬁaﬁt@l%namlgedgm@%ép sipelar Hsurb}&e S&ord uEfsn VFFS size

field my be-bgoetisyakorhQ05%pRepanding. uponchbe 1efbodiuterly, sl er size

reporting format 600 is designated for reporting a
buffer status report o¢f multiple radic bearer groups
because the long buffer status reporting format 600 is
the most efficient format. Accordingly, the present
invention promotes efficiency by providing a solution
for adjusting the format of a buffer status report
depending upon need.

[0056] Regarding buffer status reports, compared to
HSUPA, E-UTRAN uplink is Dbased on an orthogonal
miltiple access scheme (SC-FDMA). Since under these

circumstances the allocation of radlo resources to a
user that does not have data to transmit directly
results in a capacity loss, the design of buffer status
reporting scheme 1is relatively important in E-UTRAN
uplink.

[0057} Buffer status reports in E-UTRAN may &allow
differentiation between radico bearers with different
quality of service (QoS) regquirements. To allow for
005 differentiation at the eNB, in certain embodiments,
a priority-based buffer status report 1is provided,
where a priority buffer status report may be a
“reduced” buffer status report which contains Dbuffer
status information for different priority classes. A
priority class 1is defined by grouping radic bearers
with similar Qo$ requirement (but one priority class
might also consist of only one radio bearer). The
number of radio bearer grcoup to report should not be
too small to provide enough information to the

scheduler but cannot be too large either to limit the
18



may be an anount of buffered data before filling the transport block or
anmount of data buffered after filling the transport block. In sone

enbodi ments, the buffer status report (BSR) ains at helping a scheduler to
all ocate future resources. As such, it may be | ogical to consider the
amount of data buffered after filling a transport block. Accordingly, in
sone enbodi nents, buffer_.status reports._include_the unt of data left in
the buffer aPY&FRRRFti nditte & rangpoPt bl FHES [%ﬁ%oﬁ‘ﬁ?ﬂBSoﬁe%&W diCﬂ;Jents,
data is buffeésed imadihe bsercaquippapt aciwpsde adi ogdbodk womradiggRLC) and
Packet Data nvergence Protocol ( . awal i r n
conpressed PECP B oT9551 Gat uit { SCCHLLE) TFYr N anoht 35F SRR 0
retransmn ssi oads) wbateri ar®PDOP (RBGS) unci phered and unconpressed PDCP
service data units (SDUs) that are buffered. Whether a PDCP SDU can be
processed an@d§8lven t cAPLCtldr ¢f adsiBE®s onays immyludle atwat betsoffddE

i npl enent at i : . Very s [ ce, +di r.e L ght t ef ore
report di ffe?gﬁ?ggghégghéﬁd%éﬁga%ﬁe vﬁilg#%e'r PE% %Eﬁﬁ :IJ) é%S'L (I:ﬂogrlfg-':}’derég1 . In
order to redbetapossizbl efi ncloasbstfdrei eFdtms epriraithg (BEBporisi Ay/ttare t ot al

amount - of bU&i?gﬁQant g M Lyt o Bk Ve 2y, dEBET BEhGRARE! WeeR RiLand PDCP
may be perforned, In certain enbodi nents, special considerations m ght be

nmade for Voi EBCobBfLEht 8iA8t Yot o1 Vot P) 20 nléoRe tenb SRR, Fuffer

status reporig bnel wierbhe diolaal t amaingieés byf fesed daba peyidtad iandearer
group regar dbegz%of whether it i.s. PLC or PDCP, [0061].1t not he

necessary to’rapor S e 31EBGs “Widys"ed. £ WhRBn BHIY a I nPréd er of
bearers are bofifegusedy, Jgivamyche cberefpadingls tamd nlRodide stowyp forzmt s of

BSR: one whe nl_y. o i epart one . e | ~f:ouk %are. In
the first caégz,igz a)lgciet g&?rrﬁ%ée&béeng?i pélajail égg? %&é%%;n?@i_ézgt'iléd’n I'le in
the | ater casézet REé HSHERfer Hi.zed f $e¥dBlEahubéectonédrefardd aaWdis cted in

FIG 6. [006RQLharcerLain enbodi ments, Media Access Control (MAC) control
el ements may carry a buffer status report and a power headroomreport. In

certain enbogy ts, thi LN e ane Langupge,Lodg hdad.fi LCI D)
used for pomg’rogﬁgadroo%ﬁglg%#g, %?r?gl LCI D used for 1g'osﬁlort_ bqffegzse'g at us
report, and BRE L€ DMusédopst |DhglBhifeerdstitds Pepores. fild iggmethe

grr]p]gdi nents, tkEnppvet hﬁﬁdbﬁgﬁb%pp%ﬁoﬁnttodgﬁ cwt%yl egjﬁﬁékécﬁn%ﬂieﬁhogtf
uffer status, orts. nost of the ti addi.tional LCLD can be reserve or
t he concatengf’;gﬁn%f %pﬁe SRS SR r%fc?% 'so&as 5P8Cr SR THE S gnHtS ng

over head. [0B63ftn someuenbegiorent ESR) detmest ed tedgiihicors neyhédclede a

trigger that tge%%?gc%eaﬁr%ﬁle@%nEe%fw%te%_buf fzgé ed, jd} t he di }fntdgr et radio

bearer groups (F : a trigger ‘coul'd include a scenario where
only one PEG haschif frer eebimtdemwhernei mpuwdport dekp tarffered after

filling & transport block. Accordingly, in some
embodiments, buffer status reports include the amount
0f data left in the buffer after filling the transport
block.

[0060] In some embodiments, data is buffered in the
user eguipment across radice link control (RLC) and
Packet Data Convergence Protocel (PDCP). RLC may await
ciphered and compressed PDCP protocol data units (PDUs)
for transmission and retransmission(s) while in PDCP it
igs unciphered and uncompressed PDCP service data units
(SDUs) that are buffered. Whether a PDCP SDU can be
processed and given to RLC for transmission is may be a

matter of UE implementation. For the very same
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made using a short format. Anot her exanple of a trigger could include a
scenari o where nore than one RBG has buffered data wherein a report will be
made in a long BSR format. In some enbodi nents, when the enhanced Node-B
(eNB) receives a short BSR format, the eNB knows that RBGs other than the
one reported do not have any data buffered. [0064]I|nsoneenbodi nents, a
variantcould introduce a threshold that could be configured on a RBG basis.

Accor di ngl y, SERVseRe @#b5ArABRt YES FiGRILy thHe& CRBESH P tarfbdrite ™ thuf f er ed

data that eXB@Rdaepeham@h@hdwhEQnea REPOLlr BPPCRY iz shordidBIRS.orma is
communi cated. In s odi nent s s soon_as has an

re.than_o
amount of buPFerEd 8atr§ et BS& |f§cf’ﬂ?é§g[)?‘al%sré80ﬁep% "%ng BSR
format is cormpnrtah@d.th%s soch,l waeouhhe @NBbudcereds caa’s@orvtltBR)dtornat,

it knows tha ne e
buf fered datl%a %E h r{xl? gfcﬁé]ic?%roglspg%t%ﬁ\gl%&t ﬁ%%gh%l%éi ?ég&]n%\%gotl onal ly,
in sone enbogén€arsedt he sizelonf arcapdidink (Ueybgdamentsul d admrise t aken

into accountc&hs?ﬂer&bfoﬁézﬁugﬁn;hﬁe”@&kﬂg Epanspoide bhogk) - 1ntam&xanpl e,
as soon as nore than one RBG has buffered data and there i s enough roomin

the UL grantP¥peAcalr ol lusi ngra FBRE RGN e BBERER c%l‘%aé?jls | f

there is nOtr@ﬁ@HgB Wb caramt ﬂﬂ'@ntétémoraﬁnofu@kﬁﬁif V\blbflféh@dBE@t@f geghest
priority or V\A%h ge BEG with the Iargf Il?t?r bufftered may be
comuni cat ed®2FhC oREr SEmfddient $924 %5% &Shah” ohg hds an

amount of bufbered data exceeds a threshold and there is enough roomin the
UL to grant a long format comruni cation, then long BSR format is used,

ot herw se wifgosthe BEG of mh'yghm@&t Hy ilﬁ)déci:és/s@fy wtbhreperBEGhe th Riws | ar gest
anmount of buf{tered gata ma% be co l%éis a sh t. format.

Accordi ngly, 2t Ra¥pr eSeft - H%nPP & SerHedtf Hesoeidted to
BSRs and adapbsfnguaaailabite lﬂla;barlnm tehe frowRef etencentooduce two

conput er- 1 eaﬁ@?.}nsggeg%‘s@ﬁ&y ik &ae f eﬁﬁgcaﬂebhgeoflsg%@fee@ &gignal,
causing a si enerated, or causl executi on of gbam of
machi ne- readfalbﬁewhﬂgﬁra Li §asroRBESdiagiet-al Im&é&sﬁlri’g@tap%?eﬁ%rtu% K¢onput er

readabl e medhyin mRY he eod edrhy @Btd angdn 85F e 41 d\e, whitenpact gk sk,
di gi tal -video di sk, amagnetlctae tBernoulll dr;}y gmanetlc dISk

hol ogr aphi ¢ 4PsRTor e, atpanch® cardtiiATashS iéfor P8si st

menory, integoatedesktedi &8s, depiothdr 1d| giital 6pr ocessi ng appar at us rrermry
devi ce. [0067] Furthernore,t hedescri bedf eat ur es,

[0062] In certain embodiments, Media Access Controel
(MAC) control elements may carry a buffer status report
and a power headroom report. In certain embodiments,
this may include one Language Code Identifier (LCID)
used for power headroom reports, one LCID used for a
short buffer status report, and one LCID used for long
buffer status reports. In some embodiments, if power
headroom appears to be conveyed with long or short
buffer status reports most of the time, additional LCID
can be reserved for the concatenation of the two

information so as to reduce the signaling overhead.

[0063] In some embodiments, a detected condition may
include & trigger that depends on the amcunt oI data
buffered in the different radio bearer groups (RBG).
Examples of a trigger could include a scenario where
only one RBG has buffered data wherein a report will be
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structures, or characteristics of the invention may be conbined in any
sui tabl e manner in one or nore enbodinents. One skilled in the relevant art
will recognize, however, that the invention nay be practiced w thout one or
nore of the specific details, or with other nethods, conponents, materials,
and so forth. In other instances, well-known structures, materials, or

operations are.not shown or descrihed in deta 0 av0|d 0 CUI’I aspects
o1|‘O the inverf?#%%. 1oU83] &eﬁ%ﬁ\f’ g *6F8fNar y sﬁ??%h?lﬁ tHE S 1© JA1qgr‘—’lea(|3| ly

under stand thaigghe icowdnt i dnchsdeli scussethaboveheay e a‘chaned)rwth
steps in a diffe a / t r e SwLn fi.gurations
whi ch are d%ééréﬁ? Ph f(%%trﬁgserag\kn a%ehglg\é\?éée%{ %gie %rén%(&%l tl%ough t he
i nvention has bewrg d&SE | fedmbased upon Spﬁ@seeﬁb@ﬁém@@ﬂsenﬂﬂéﬁ%ﬁt it

woul d be app@ﬁggﬁ L9 LBhasepofcfkh! Irddeithss aétswﬁﬁ B8Rt bR maRd fﬂr@tl ons,
vari ati ons alternative COI’lSt ructions woul d be appar ent,

whi
remai ni ng wi eWBnkpRESsphaitt RERe i ofhahetPRVEREI 5ﬁpor,teé| §1°mn°t1 A

met hod, conprasénghynBAtsObhAgefedsage of a plurality of buffers;
detectlng one of a plurality of pre-selected conditions correspondlng to

the pluralitpogl) buffers: soflesi anAbddomOnesOof & pl waadidit of dwffer
status repor |ng formats conpri si ngha | ong buffer status reporting formt

and a short bﬂ??@‘iﬂug?a?ﬁhF@EBPﬂ-iﬂn £6r ﬁﬁplgeﬂ?@nﬂioﬁ&lgﬁr?ﬁleoﬁ‘ré" Gct ed
condition depgstied; Acaneiioympni cat isoged didddiment tat us:.fepﬂllty tonea

net wor k devi i n_accaordance th fer st at us rtin [ Rt

desi gnat ed?/I %ﬁ@lrg?éhst e dg@o&ﬁ“& i ?\{L:; g%%#%% aﬁ_ga I %ﬁggbu#}f 8? at’us
reporting fothatshbéd tiiere &s rsadduitei eatmgpla nkhbahdvid sk hfoomabml cate
using the | o0gRUAEEL shat us thePOidd NAnkddlients?- Jhe d¥khods Ofngi i m 1,

wherein the er s atus reporting format m |mzes buf fer status
reporting oveRheadoreedtEd B},ait hércommaiindat PAg brifdeedurdata stidtals

report. 3. ThecEBEhQEs0frGlaihml, avhesgiit the Bl ubabi BgrofidRmersel ect ed
conditions co i ses a buffer associ at d wwth a rgdl 0 bearer grQup storing
data beyond %gg’l“%néé%é‘fled 't eShof g, when the eNB recelves a

BSR format, it knows that RBGs other than the one
reported do not have an amount of buffered data which

exceed their respective threshold.

[0065] Additionally, in some emboediments, the size
of an wuplink (UL) grant could also be taken into
account (i.e., the size of the uplink transport block).
For example, as soon as more than one RBG has buffered
data and there is enough room in the UL grant then a
report using a long format may be communicated. If
there is not enough UL grant then a short format with
the RBG of highest priority or with the RBG with the
largest amount of buffered data may be communicated.
In other embodiments, as soon as more than one RBG has
an amcunt of buffered data exceeds a threshold and
there is enough rcom in the UL to grant a long format
communication, then long BSR format is used, otherwise
with the RBG of highest priority or with the RBG with
the largest amount of buffered data may be communicated

using & short format. Accordingly, the present
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4. The nmethod of claim1l, wherein the short buffer status reporting format
corresponds to reporting a buffer status of a single radio bearer group and
the long buffer status reporting format corresponds to reporting a buffer
status of nultiple radio bearer groups. 5. The nethod of claim1, wherein
t he designating designates the long buffer status reporting format when
multiple buffers for different radi o bearer groups .store da%E?,P beyon

pre- sel ect ed*PRERERBN M NGNIFRE HBEhETSSPEFarmcPCifE eity gsdéﬂﬁ natl ng
desi gnates theaphertobufheraplatus pepawidby.format when there is
insufficient uplink bandw dth. 7. The nethod of claim11, wherein the short

buf fer statuggggporti nﬁetekaﬁ&ecwrase&nﬂp@é&ﬁadaﬁw nﬁéu@amamcw he | ong
buffer status reporti ngéformat onpri ses byt es of .infarmation. 8. The

met hod of cIE?ﬁ’?lanﬁhé n CEREPFort HW&PW@S % i T Yo
conprises a 2ibh&lr aﬂ:bo }isrearg@negfa)wai i dent | thesiand axéebtiobufder ssi ze.

9. The nethod_of cla einth ffer tus, repoyit format
conpri ses f our® gjéalﬁer?t ng%?t %(flaebi orr?%’%i%%tlg)te{%h ine 2 C{ qkjhereof
cor r espondi ngrtoeasdngt |arzr¢1arraetdllso beér agomruoifgy, ré8dalthe m@ﬂh@dl afaxl aim 1,

further conpy éS'é?rgooc%E‘é@%ngaa %s%tl%usl%ea radigrgaterq gioup of a

hi ghest priority he " net ho claim 10, wherein the radlo bear er
group of thedhggﬁéérvbﬁi?@ridtlﬁk@oﬁpm%é‘@técr RS bSarRFrfblis: KBV Ry a nost

amount of daga mégn@ti@dlﬁéqear 8616859uphbefl f@isk 1% AragRpar at Ysunch
conprising: a

sor i.ncl.udin uter code,
t he menory aﬁagfl i@ﬁﬁuﬁ@moﬁrﬁfog%n@&d’é‘y Ty g é‘geqoor i T %)%%aqu%?cessor,
cause the apparatugsat dreasthdo abpitel aruvsageiofy appansaglust ynafobuffers;
det ect one of a.plurality of pre-selected conditions corresponding to the
plurality of %u%&grs

[0067] Furthermore, the described features,
structures, or characteristics of the invention may be
combined in any suitable manner in one or more
embodiments. One skilled in the relevant art will
recognize, however, that the invention may be practiced
without one or more of the specific details, or with
other methods, components, materials, and sc forth. In
other instances, well-known structures, materials, ox
operations are not shown or described in detail to

avoid obscuring aspects of the invention.

[0068] One having ordinary skill in the art will
readily understand that the invention as discussed
above may be practiced with steps in a different order,
and/or with hardware elements in configurations which
are different than those which are disclosed.
Therefore, although the invention has been described
based upon these preferred embodiments, it would be
apparent to those of skill in the art that certain
modifications, variations, and alternative
constructiocns would be apparent, while remaining within

the spirit and scope of the invention.
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designate one of a plurality of buffer status reporting formats conpri sing
a long buffer status reporting format and a short buffer status reporting
format depending on the pre-sel ected condition detected; and

communi cate a buffer status report to a network device in accordance with

t he bufif etastatus reporting format designated, wherein the designating unit
is configured to designate the |long buffer status reporting format when
there is sufficient uplink bandwidth to comuni cate using the |ong buffer
stat us lr.epondimgl,f abmatisinkd. The apparatus of claim 12, wherein the buffer
status reporting format is configured to mnimze buffer status reporting
over head mrreéatcednbya tymgeomiiuai ghatiaig tef of Headfefk-Eer status report. 14.
The apparatus of claim 12, wherein the plurality of pre-selected conditions
conpri sesderdnififhigr associcdat eck wi phuraliddi o cfeamrae-gedbaptst ordéarglidabas beyond
a pre-sekectwethdihyeshotitk p1lFa1The @pparrdaeus; of claim 12, wherein the short
buffer status reporting format corresponds to reporting a buffer status of
a singl e dadignabéng esngradup @idrahety arfg bhdféersstatsusepepoiig Ny rivet sat

corr espefdsi 4 ng epArhignguardf fertuwst abusrofngnidringk e ahada osiear e fgesups.

16. Thecappar atusr-oing! abmd2, cM@%E@iﬂ%tBﬁ NENDT ¥ r 8Ntk the caoruHek 1 BLOgr am
code ape.furiher configured to, with the processor, cause the apparatus at

| east to designate the |ong buffer status reporting format when nultiple

buffers fory %Jn&@heest{@gsdw DeArEr I0uPS rShOFE data Reyand aRiessehected
threshald,, 4 i The =APRAL at (Haep rC'sac' é- 'rd ?_-ft?h t er TEMOhd gg%%t%!ie

Corrpute I’OC

0 m cpde are gure cause
CompUt £ b1 08" EL RO Fﬁe A hof by §Frst'3 EHE° eBrtT hg
fornatfﬁﬁ%ﬁttﬁ@?ﬁ iLeTRs U | EF ?&Cﬁﬁﬂﬁrﬂ@%ﬁﬁﬁwﬁ%ﬁqvldtTB‘IThﬁmﬁﬁﬁ%FéFﬁs of
cl ai m p2inghereilenohkustrr tststiff ereraniting feperti ng format conprises 1 byte
of information and the |long buffer status reporting format conprises 3
bytes of information. 19. The apparatus of claim 12, wherein the short
buf f er 2st dreisngtdeer PiEngld o et wbomphi sEs: HuZipit stadiso depareingriogpat
i denti fipim{3dd amdfzer6- bétathuf f ereirrdng 2@veFfheadpparabusd of bgl aitie12,
wher ei aofuiéni @ng nbubfernstmiatsrr epotid ngpbet mat conprises four segnments of
6-bits of information, each segnent thereof corresponding to a distinct
radi o bearer group. 21. The apparatus of claim 12, wherein the nenory and

the conputek piagkamcoder ane furthereconthgupedrdoit i éh Hhe preeessor,
cause thgqapplatdsat sbeast phersel eedoahubfgristat usqapf gedadi . begrer
group g%o?lﬁ%Qﬂﬁ%ﬁbB&&ﬁﬁlt%me selected threshold.

4. The method of claim 1, wherein the short buffer status reporting
format corresponds to reporting a buffer status of a single radio
bearer group and the long buffer status reporting format corresponds
to reporting a buffer status of multiple radic bearer groups.

5. The method of claim 1, wherein the designating designates the
long buffer status reporting format when multiple buffers for
different radio bearer groups store data beyond a pre-selected
threshold.

6. The method c¢f claim 1, wherein the designating designates the
short buffer status reporting =fermat when there 1s insufficient
uplink bandwidth.

7. The method of claim 1, wherein the short buffer status reporting
format comprises 1 byte of information and the long buffer status
reporting format comprises 3 bytes of information.
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22. The apparatus of claim 21, wherein the radio bearer group of the

hi ghest priority conprises a radi o bearer group hayi ng a nost anount of
data in a radi o bearer group buffer. 23. An apparatus, conprising:
nonitoring neans for nonitoring a usage of a plurality of buffers;

det ect itng Threamstiiat cdetcdetinng, owescfira tpeusbbrt youffepr etselectadreondi ti ons
corr espgongangctioptizesplaurabity refii bubders: groupdestghadidig amans «-er

desi gnatiirpgr ose-0f a plurality of buffer status reporting formats
conprising a long buffer status reporting format and a short buffer status
reporting format depending on the pre-selected condition detected; and
communi cating neans for communicating a buffer status report to a network
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designating one of a plurality of buffer status reporting formats
conprising a long buffer status reporting format and a short buffer status
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upl ink bandw dth to communi cate using the | ong buffer status reporting

format . .
12. An apparatus, comprising:

a processor; and

a memory including computer program code, the memory and the
computer program code configured to, with the processor, cause the
apparatus at least to monitor a usage of a plurality of buffers;

detect one of a plurality of pre-selected conditions
cerresgponding to the plurality of buffers;

designate one of a plurality of buffer status reporting formats
comprising a leng buffer status reporting format and a short buffer
status reporting format depending on the pre-selected condition
detected; and

communicate a Dbuffer status report to a network device in
accordance with the Duffer status reporting format designated,
wherein the designating unit is configured to designate the long
buffer status reporting format when there 1is sufficient uplink
bandwidth to communicate using the long buffer status reporting
format.

13. The apparatus of claim 12, wherein the buffer status reporting
format 1s configured to minimize buffer status reporting overhead
created by the communicating of the buffer status report.
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14. The apparatus of claim 12, wherein the plurality of pre-selected
conditions comprises a buffer associated with a radioc bearer group
storing data beycnd a pre-selected threshold.

15. The apparatus of c¢laim 12, wherein the short buffer status
reporting format corresponds to reporting a buffer status of a
single radio bearer group and the long buffer status reporting
format corresponds toc reporting a buffer status of multiple radio
bearer groups.

16. The apparatus of claim 12, wherein the memory and the computer
program code are further configured to, with the processor, cause
the apparatus at least to designate the long buffer status reporting
format when multiple buffers for different radio bearer groups store
data beyond a pre-selected threshold.

17. The apparatus of claim 12, wherein the memory and the computer
program code are further configured to, with the processor, cause
the apparatus at least tc¢ designate the short Dpuffer status
reporting format when there 1is insufficient uplink bandwidth.

18. The apparatus of c¢laim 12, wherein the short buffer status
reporting format comprises 1 byte of information and the long buffer
status reporting format comprises 3 bytes of information.

18. The apparatus of c¢laim 12, wherein the short buffer status
reporting format comprises a 2-bit radio bearer group identifier
{ID}) and a 6-bit buffer size.

20. The apparatus of claim 12, wherein the long buffer status
reporting format comprises four segments of 6-bits of information,
each segment thereof corresponding to a distinct radio bearer group.

21. The apparatus of claim 12, wherein the memory and the computer
program code are further configured to, with the processor, cause
the apparatus at least to select a buffer status of a radio bearer
group ¢f a highest pricrity.
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22. The apparatus of claim 21, wherein the radio bearer group of the
highest priority comprises a radlo bearer group having a most amount
of data in a radio bearer group buffer.

23. An apparatus, comprising:

monitoring means for monitoring a usage of a plurality of
buffers;

detecting means for detecting one of a plurality of pre-selected
conditions corresponding to the plurality of buffers;

designating means for designating one of a plurality of buffer
status reportihg formats comprising a long buffer status reporting
format and a short buffer status reporting format depending on the
pre-selected condition detected; and

communicating means for communicating a buffer status report to
a network device in accordance with the buffer status reporting
format designated, wherein the designating means designates the long
buffer status reporting format when there is sufficient wuplink
bandwidth to communicate wusing the long buffer status reporting
format.

24. A non-transitory computer-readable medium encoded with a
computer program configured to control a processor te perform
operations comprising:

monitoring a usage of a plurality of buffers; detecting one of
a plurality of pre-selected conditions corresponding to the
plurality of buffers;

designating one o¢f a plurality of buffer status reporting
formats comprising a long buffer status reporting format and a short
buffer status reporting format depending on the pre-selected
condition detected; and

communicating a buffer status report to a network device in
accordance with the buffer status reporting format designated,
wherein the designating designates the long buffer status reporting
format when there 1s sufficient uplink bandwidth to communicate
using the long buffer status reporting format.
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