Rl MD46- 03PC 1 ADAPTI VE VO CE PACKETI ZATI ON BACKGROUND [ 0001] I n recent
years, the | EEE 802. 11 standard for Wreless Local Area Networks (W.ANs)
has enmerged as a prevailing technology for "last mle" broadband w rel ess
access networks. Wile the principal application of these networks has been
in providi §g HeMeesi vity to devices running best effopéredodr@pnbi cations,
such as email and web browsing, interest is growing in supporting

i sochr onoB8M84+03R€es such as tel ephony service or streaning video. Voice
over Internet Protocol (VolP) over W.AN (VOW.AN) is currently one of the
fastest growing Internet applications. [0002]In Vol P, the voice signal is
sanpled at a fixed rate. A "packet" is jassenbled fromthe data, including
mul ti pl e headers, a payload and one or nore trailers. The headers and
trailers include: (i) infornation about t ackei origin and destination;
(ii) information about theAPAEYE é“ﬂ@ﬁé##&@gﬁééﬁ<m8n in the stream of
packets that conprise the call; (iii) information about the comrunications
protocol s being used by the netmork; and (iv) error-checking information,
anong ot her things. Taken together, the headers and trailers are referred
to as the overhead associated with a packet. The payload is the portion of
t he packet that contains the voicéiﬁggg‘ rresponding to the digitized
voi ce signal. The tinme between generatlon of two consecutive packets is

known as [Gwlbacklatnemt iyeass,i the dEBEI 80211y pitandpudyfor tWiseless dicsals AggaeNegmorks
t ant dt ) t
of "Vocodet FEaNRY hnIreS SACHEHER RaRolody Brrhs il BlOEIA Srlbls dehfy VP

packet i zahé@rksnt ewmaﬁ she Ipeificipal anppllieatiofs. 31l thesy prtwarko des eerf tienprogiding 20ms
packetization interval. [0003] For sho cketizatjon interyal t he
Fract i on 6PIECtyAE e oVisss FEOTRHRIT FS R GPVABP HELEN, At BoeEl 1 VROV y ¢ o

the nunbeﬁnt&gstt?é/éj%&ﬂgqﬂ‘éhﬁlﬁﬁlr%%&ﬁﬁ)haﬁ s%f'\h@e@ sﬁm\s\t Jm@u;s sdpvied @m&eaﬂuﬂ;ger .
The transm ssion efficienc t he cal | ar gel ﬁ term ned by the

fraction fdeohdojsgciet Inteltmt quobswﬁhqur &VWé e Jpagwsady ongehte

packet s V\nfgs%s L‘g{n ‘?ﬁteﬂn@t gﬂ&nb&cr ease the efficiency of the conmmunicati on,
but under cer ircunstances may result in poor quallty of the phone

So0711613 Ei@*ﬁ%%ﬁ%é@éé $P SRaty BRI fedffe, A “packer” is assembled from

used for Vi ®ug ahdbsch@ muhqntet muashapayieddjamleuneaesndrh frailerse Tih@\ksadw dnd
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the percemAgRkafs rEI'aﬁ% Mﬁfonﬁxhﬁled:&&axﬁ of pﬁckbt@ﬂﬁk yeilprise the call; (iii) information
transmtting/receiving of voice packets g@ her for %Qe sanme apmoynt of
data due tbouttihe sompnaisations RIaleerls rl?smg Y, b e IISHEEs e i srEoneesking

interval s I nd
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overhead associated with a packet. The payioad is the portion of the packet that contains the

voice samples corresponding to the digitized voice signal. The time between generation of
two consecutive packets is known as the packetization interval. Typically, the packets are of
a constant length, and the packetization interval is determined by the type of Vocoder being
used to transmit the call. Typical vocoders use 10-30ms packetization intervals. For example,

G.711 type vocoders often use a 20ms packetization interval.

[0003] For short packetization intervals, the fraction of a packet corresponding to
overhead can be large, due mainly to the number of bytes required to characterize the various
protocol layers. The transmission efficiency of the call is largely determined by the fraction of
the packet that corresponds to the actual payload. Larger packets with a larger payload
increase the efficiency of the communication, but under certain circumstances may result in

poor quality of the phone call due to increased packetization latency.



Rl M046- 03PC 3 SUVWMARY [ 00051A nethod is presented for adapting the packet
size for Vol P communi cati ons, determ ned on-the-fly by the network | atency
at the time of connection establishnment or packet transm ssion. |If network
del ays are snmall relative to the maxi num perm ssible |atency for Vol P
communi cat wonse7okys payl oad size per packet may be i ncremeenmp7/00®27 a | onger
packeti zat | 0@4&}& %rval may be used, to maxim ze efficiency for the
transmit t B *~Alternatively, if network delays are large, a shorter
packetization interval may be used in order to assure that the perceived
quality of the transmtted call is acceptable. A single VolP call may be
broken into two or nore concatenated | dgs, wherein each | eg may use a

di fferent packetization interval. In addition to neasuring or estimating

t he | at en@004jf t e mdoy Faseslthe degicdeused foméolP ivallyare Rertablcchandbeld devigey tat

overal |l network rf or nanc asyres. nay, al so .CQNS| - Racketization
i nterval Sarmwsrggga}(bage(ngﬁ s%‘)%k?ﬁzﬁ%ont %%e?‘fagstrg%%r%ﬁ? gerr qgélgt%g | %%E:eaﬁrg&t hat
nmay be acgRpvislat RiteBYpdviteedabbilerdemaiunivagorsi déRice, Hecduse thedittentagadt thge at
certain network access points that are experiencing att%%qlg?ﬁr)l heavy

traffic. theyshegevica G1ByerEHndIASIHIETOSIINGRPIHAIE: PRFkes s SERPPTI ON
OF THE Wﬂ%ﬁh&?ﬁﬁé l%f]ﬁi@%g&ﬁ%ﬁ% 25 shbit \padkeRt BoholY pabRMtiAfiorEMRMMErand not
limtation'in the Tigures of the acconpanyli ng draw ngs, 1 n which Iike

r ef er encealsudsiralsini thidicomtexs te decreasqponet nepge anddoogpovedaieriosi mi | ar el enent s,
and in which: [0007]Figure 1 is a schematic of an exenpl ary packet
structure; [0008]Figure 2 is a schematic of an exenplary W.AN system t hat
is conpatible with an Adaptive Voi ce Packetization (AVP) schene;

[0009] Figure 3 is a flowhart of an exenplary nethod for AVP, conpatible
with the WLAN system shown in Figure 2; and [0010]Figure 4 is a schematic
of an exenpl ary AVP server, conpatible with the nethod



shown in Figure 3. [0011]1t will be appreciated that for sinplicity and
clarity of illustration, elenents shown in the figures have not necessarily
been drawn to scale. For exanple, the dinensions of sone of the el enents
may be exaggerated relative to other elenments for clarity. RI M46-03PC 5
DETAI LED GgaGRl7RtHsedN [0012] 1 n the foll owi ng detail ed dESGCAR67000827 NUNET OUS
specific detailipgre set forth in order to provide a thorough understandi ng
of enbodi HMMECPEwever it will be understood by those of ordinary skill in
the art that the enbodi ments may be practiced wi thout these specific
details. In other instances, well-known nethods, procedures, conponents and
circuits have not been described in deBail so as not to obscure the

enbodi ments. [0013] To i ncrease the transm ssion efficiency of a VolP call,
a |l onger packet nmay be used to increase the payload relative to the

over head. However, under certain ci¥8dMRces, |onger packets can have a
negative effect on the perceived quality of the call. Because npre voice
data i s cj00Ri ned metheddh prsseritesh for radeptingshe packat sivg f1reV IR coommuminetiony,

transm ssion has a . noke, Sgri o j j: aald e cal
than the °6"§’§1"8? Og'llilber'rﬁ%]?y @58&@@%‘% ﬁ%ﬁ%%%&a‘éﬁ?ﬁ%@gﬁ ntgga mg%%/m?’lg?_k%?

t echni quegansmissiBe. U aetwbek dokajs atdhamsif febative of tHeomsximamketwissiblerlatenay ot C
techni ques are inadequate for concealing a Loss of . nmre than 20n§ of

sanpl es f¥pIPa copupunigations. {hsc pegdoad sige 4@?(51338 et ARY s BRSHH Sont SHESH 1 or
0.729 a”d%Qk&' iHOGRAGES malOBI Blse 2ok lakibé Qfdicticpr 102! the (te@smlitied ngllf r om

| onger Ker ey @l so contribute to increased | at ency, or transmn,ssion

del ay, f oAltgrhatively, If nepvortasidlasisrd largeroshortenngeletizgtion ityrael may besehipgtdepnal
Tel ecommuni cat i gn, Lni ' [ I st dsfiptdd i s
of ten usel;*Hf g""% E‘gtpgg&eﬁgﬁg%{[ﬂgﬁlﬂ%u@hﬂ%@g?%& %r%ﬁpﬁ%ﬂteo-tgg? ede[ ay&lgf
150ms pr omayl®e teekeh dftactvorar meral dopgatenated tlasep’i'/lcrmp capipldgcmey ysesa diffsrent ni t
the one-way, | atency to,150 .all internal ount ed
for and CB%F?‘BPF%&W'I fﬂﬁr’%&mftg rme(?f(%%é s R%é%%élglgﬁ ?98@93% qgg@iecriag q’glel ay
through t hgemifioviickpackahegsl imgvalebayalbacmwosde peformemgemtisors raaydalse dess

l'ink serialization delay, The packetizalion interval  al contri to
| at ency, Pansidarsd. tﬂ%@‘%i°ﬁﬂﬂﬁeﬁ’ﬁ§-‘“ﬁ’yéed@ﬁ%f§e%f tgmaxin g the %%é RevrY aq?:‘%oﬁﬁ
interval | 1008y §0RIGRAbEaEB LN ichik 8t SiienBhe; of erTedideciBidith siaktaion a
given network is highly variable and specific to that particular call. It
depends onetivardtaseess peoidls that arceupesigpcing pastculalysaw allG.fic at that time, or
the "l ocation" of the originating device relative to the destination
device, i.e. the nunber and type of internedi ate devices that are required
to connect the two devices. Currently, however, a standard packetization
interval is typically used, corresponding to the vocoder used. Table |
lists the typical packetization intervals used for comon vocoder types.
These vocoders are all constant-bit-rate (CBR) devices. Mdst conmercially
avai | abl e WLAN WO 2007/ 101328PCT/ CA2007/ 000327 RI MD46- 03PC 6 nobil e
stations generate audio franes at a constant rate; however, several
comercially avail abl e nobile stations support different sets of vocoders
at different voice coding rates and with varying packetization intervals.
New nobil e stations nmay allow a nore flexible determ nation of
packetization intervals, for exanple, at nmultiples of 10nms up to sone
maxi mum val ue.



Codec 0.711 0.7211 0.726-32 0.729 Bit rate (Kbps) 64 5.3 or 6.3 32 8
Fram ng interval (ns) 20 30 20 10 Payl oad

WO 2007/101328 PCT/CA2007/000327
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BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Embodiments are illustrated by way of example and not limitation in the figures of
the accompanying drawings, in which like reference numerals indicate corresponding,

analogous or similar elements, and in which:
[0007] Figure 1 is a schematic of an exemplary packet structure;

[0008] Figure 2 is a schematic of an exemplary WLAN system that is compatible with an
Adaptive Voice Packetization (AVP) scheme;

[0009] Figure 3 is a flowchart of an exemplary method for AVP, compatible with the
WLAN system shown in Figure 2; and

[0010] Figure 4 is a schematic of an exemplary AVP server, compatible with the method
shown in Figure 3.

[0011] It will be appreciated that for simplicity and clarity of illustration, elements shown
in the figures have not necessarily been drawn to scale. For example, the dimensions of some

of the elements may be exaggerated relative to other elements for clarity.



(Bytes) 160 20 or 24 80 10 Packets/sec 50 n 50 50 (2 frames/packet)
Packeti zation Interval (ns) 20 30 20 20

WO 2007/101328 PCT/CA2007/000327
RIM046-03PC

DETAILED DESCRIPTION

[0012] In the following detailed description, numerous specific details are set forth in
order to provide a thorough understanding of embodiments. However it will be understood by
those of ordinary skill in the art that the embodiments may be practiced without these specific
details. In other instances, well-known methods, procedures, components and circuits have

not been described in detail so as not 1o obscure the embodiments.

[0013] To increase the transmission efficiency of a VoIP call, a longer packet may be
used to increase the payload relative to the overhead. However, under certain circumstances,
longer packets can have a negative effect on the perceived quality of the call. Because more
voice data is contained in each packet, the loss of a single packet during transmission has a
more serious impact on the perceived guality of the call than the loss of shorter packets.
While Packet Loss Concealment (PLC) techniques may be used to mask the effect of lost
packets, current PLC techniques are inadequate for concealing a loss of more than 20ms of
samples for a type G.711 vocoder. 30-40ms of samples may be concealed for G.729 and
G.723 vocoders. Longer packetization intervals (resulting from longer packets) also
contribuie to increased latency, or transmission delay, for the call. A maximum latency target
specified by International Telecommunication Union Standardization Sector (ITU-T) standard
G.114 is often used; this states that a maximum one-way (mouth-to-car) delay of 150ms
provides satisfactory quality for telephony applications. To limit the one-way latency to
150ms, all internal network delays must be accounted for and controlled: including, for
example, propagation and queuing delay through the network, scheduling delay because of
congestion, and access link serialization delay. The packetization interval also contributes to

latency, in that the minimum one-way delay for a 100ms packetization interval is 100ms.

[0014] The latency for a single communicated call on a given network is highly variable
and specific to that particular call. It depends on factors such as the amount of network traffic
at that time, or the “location” of the originating device relative to the destination device, i.e.
the number and type of intermediate devices that are required to conmect the two devices.
Currently, however, a standard packetization interval is typically used, corresponding to the
vocoder used. Table I lists the typical packetization intervals used for common vocoder types.

These vocoders are all constant-bit-rate (CBR) devices. Most commercially available WLAN



Table 1 - Exanple attributes of common y used codecs [0015] The nmaxi num
packetization interval that nmay be used, subject to end-to-end | atency
constraints, may be highly specific for a particular call, according to the
networ k useage at that tinme and the |location of the origin and destination
devi ces Wi {2020t wor k. For exanple, at the tinme ofcibeogmlobizz7 sone of

t he acce:}gwfoi %?C(AP) in the network may be experiencing particularly
heavy tr Ud6- the call requires routing through one of these APs,

i ncreased | atency nmay be expected. By dynamically maxi m zing the
packetization interval as a function of the actual end-to-end | atency at
the time of the actual call, the transfission effici ency for each call may
be increased, and the overall efficiency of the WLAN network for supporting
Vol P t r afrhobilensigtione genstiteiandie. framesagiod cheant yaipinboweyay Sevesa ciammereialivon

interval s [ foed . | .on: 5
robi | o s PRI BOtypiPp SRPGE eREHEorLRRTRY A Riflto Y DS RAL
packet stwitlctvaryingf packetidtdd AMewvals! . NEwchopilec ktetions0day llewnprmere flaxible he

| ayer hodeeroTBRRn oL SR el A6 Setelt t PREREE BF e RS o

40- Byt es gixiheadans. at other layers (e.g. Internet Protocol (IF), User

Dat agram Protocpl (UDR) . and Real-Time -Transport—Rrotecol—(RFR)); (ii) a
relatively smal| péapiead pfG.2A- 30 BJ2eE WoGt7R632 |dat a Q@2 and| (iii) a
trailer 106 con i] ﬁ&"&t f—Fyciicyredundancy checK [{CRC) val ués used to
ensure the intepri he 6decki §8@r packiet . 32WO 8

RO7 fa¥a¥ mYaY
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exenpl ary W.AN 52{ D, 20aphbl e 30f suppoR@ing an Addptive Moice

Packeti zation ( WHATY é‘.’?‘,.,,. A-spt—ef—APSR82—204—and—266—provi de wi rel ess
coverage for a Jop?ﬁy on| ofigdvbbi 128 opzat i pns8QMVS)|, i nclldi ng 2p8 and 210.
Al t hough the LAN i@?'wﬁé,,i cted -asta shared-pedium—in—pragttee—+{ nore

comonly conpri $es; Retggl; f sont grconnected | gger |2 swi tThes. Ah AVP-enabl ed
real -time gateway (AVP-RT() server 212 islpl a_ggd__ggaﬁ\{lﬂm Bnbd net wor k

that services t hBackpization | ooyl ftoutep 214 conprolis commypi cati on with the
| nt ernet and/ or | dnteyhll (ins) tandaLd Tel ephohe Network (PSTN) through a

gat evay 216. [ 0018] EXamplgs | ofp, A SRfhEY of Bhirofiy ikl iiBs 208, 210, are IP
phones, cellular tel ephones, smart phones, personal digital assistants

(PDAs), %g{qess THAREh o CORRUESEGH inthrll! FiSSmBP bERREK GERRULCER oW o €5
| apt op co ers, W reless desktop personal conputers and the |ike.
[ 0019] Thelassey eonstraintsh enagrbe kighly espedifin fdr & pirtieulgratadinageotingRicPtherusioyork hat

features the AVP, schene. The term..server” is Int. . FRASR

devi ce f uH%?#oﬁ&M‘g‘“}ee*‘é‘&r%‘i of%ion of Bﬁﬁp‘?ﬁ/@ @e&“&%"?ﬁhﬁ‘ggﬁ‘é&?&ﬁ‘%t&at i onr@
ability, pENBEMpledBChe linROsMAE tdll isbivie oft frbiicbdss pPYintsAAPY i thalnetverl eay be
according to the def i,n'iti n_as u edfj t r.esent. a[ﬁprli atio By pncl ude,
but i s nofXRefiRRREPAL aé‘ﬁfﬁ“’%‘@n‘f?& I 1 (tg"f f)"’.l}',er SRETNHE T 0611’35? g‘ege‘ﬁgser,
personal  gaIRWAEendydRAYBR expbhed. A dfrathidalti elaxindifiny 8fcl patitetigitivalintevhicad ment s

of the present invention, the term"server" is |§{?ended t 0 enconpass a

devi ce not fungticsif|the actwaljcadte-andylatenmrp gt Bie Ok oh 4 achrak pall, (the DROSALSSION; t es.
[ 0020] Fi guge. ; hod it lof iR WRARS IR foM t h

| EEE 802. %@Efeg“gzi@g\ég%%?\lgﬁggﬁg%é@and %%gf%ﬁéfgﬁlpﬁ%rted by a. ne_tvf/or k such
as i s showsmpportingiVpIP draffic thay béhineximizadodn addition, ysing lengercpaskqtizatiapoptesvalsy af f i ¢
t hrough the APs.is rou hr : _ : ore passing on
to the ded et ihream: E%?W(g:rlct? 1 nﬁ)lr;'g?r;‘%lgg ﬁg‘?&%ﬁ@g’gs tﬁir?%%jgh a single AP,
i.e., whe h | | i .© 1] ' VAVEARP-
Packet fI E‘\’/dilgL tﬁ@g%rﬁﬁ g%rﬁ’%@l ?gg{aggﬁhﬁr%%xﬁggﬁi%%cﬁée Ed?n%hangeﬁﬁand is
sent di r eehll.y Fhehnpacklet 100ds kamnprised ofither folldwing Dompergnicsgments: @na beadepl@nd SDP

(Sessi on Descr.i gti.on, Pr.otqcol S exchangge .. t he P- [ adl2
negot i at e SOTRESS ia:h.'ﬁ’ﬁl %3@5%?‘?&%’0 e B%“é‘%@ﬁ g’%ﬁu%]nacf‘hé}/&)}\lgq;sh ggvfa{et{ﬁwéét h
nobi | e st abideRs asd/-Betes bb herdeas ait biheelayad (e.gulntbret Pptécat GRY YseoPstegminnt s.

he i nfr eadentol AORES nd FEHEERE TrateBed AL, IRIAERIER Y5 el HibioRor

10-30 Bytes worth of data 104; and (iii) a trailer 106 comprised of cyclic redundancy check

(CRC) values used to ensure the integrity of the received packet.



Rl MD46- 03PC 8 [ 00211At 302, Ms 208 initiates a call to M5 210 by
transmtting a call request through AP 202 to AVP-RTG server 212. This call
request could be sent directly from M 208 to AVP-RTG server 212 or it may
be forwarded via other neans such as a SIP proxy server. At 306, AVP-RTG
server 212woee@ilbikes a Vol P connection with both M5 288rrexmedsoi2i0, such
that two "legs" constitute a single VolP call, with each | eg having one of
t he nobi | 3Bk (i.e., 208 or 210) and AVP-RTG server 212 as its

term nating points. At 308, M5 208 neasures the round-trip latency of the
connection with AVP-RTG server 212. An _|IP-based nobile station can easily
measure the delay and jitter of an RTP7connection using, for exanple, the
SR and RR (Sender Report and Receiver Report) packets of the Real Tine
Control Rf®XPcol FigheCP)shows a8 egempiary? Bd- AN rssistet.a e oppahien of supperting ano

AVP- RTG sgrver 2 np S [.Sti 0 UByh- L 14 uch as
the mean Sys s Sk GARIHLAmPbBlhS) & ReChe hPE 205908 b o Frftas

i nf or mat i wirelése coMekazr formrpophlatian/afi MetiileStatioas GviS)y inchudong 208 fund 2 i0heAltheugh i . e.
the differen beiween the. actual, | at.ency .and the maxi num al |.owabl e

| atency. 6 LARR depist e Aoy e 1B GEEHER L4107 FRBRRY SBETEH 21 & at i on
Protocol jaRgoRpeed0syP2EeiitiREl A8 AVRERbRK rtadtitlcaRvas (AVRIRTE) sefver 212
packetization interval for the |leg by determ ning the Xi mum packeti zati on
i nterval ismlased Pédhﬁf“meéo%m@fﬁbi%@cﬁewléesn@ﬁimm Iﬁt@??g?"@ﬁhgl‘fﬁp‘?ﬁoés f or
that | eg. = 38 (Ietaly i'j?e@égh' i t he
second Iecé)ﬁ%’?]ﬁ'ﬁételo%oﬁlnﬁrjuﬁﬁcglti ond?]gﬁgga?gra%&ngg%ﬁ{i 32 aﬁvggﬁﬁéyggm 212
acts as ahtougingpattway . r epackagi ng all inconming data fromone leg into
packets of the appropriate length for the other leg before transmtting
themto APOM)6, &mamplexof visvises fathmobide tstatiang 08.r s g dRt phosesvselloler and Ms
210. Havi VP- S r - ! LQN into
t wo separtgltgg ngsgs%l;gpl \f'\/}é{gsf 8&‘%‘5‘8%’@%%&’%&%?@% W%ﬁ%bgﬁglg%%ﬁﬁﬁeﬁierval S
for the twiseléssgstebbokt dompaterewirdiessdamap tompiitirs; wirtleshéeskiop personal eymmtessipl e,

because dif.fer e&t | P-based nobile stations have different sets of voice
codecs vm"t“ﬁﬂaﬁlf erent supported val ues for packetization intervals and

pl ayout b rs. . 1002211 n this exenpl ary th i tually
reacured BN fihe Thprrirrabr oy SHETBORIvolF R ST BaP Bl ISR, | Y

| at ency nRYPREhehieh Sithe teHneBervEOlis Bieadql @ ehétengast edevice dhnctimllyoesembhngon may
be neasured by an additional, separate device that is in.series.wth the
connect i ofPMPSFer 4§-8p ﬂ’@"%ﬁ"ﬁ*ﬁ’(‘?ﬁ?@g \?éﬁﬁ’t@%rfl?r.y’ AU FAPFGRIY) ca ?ef’éllt\ﬁat cy may
be esti magpidalQervePstabthehia spdiefiflitiin 89dised gethe prebdi® apptiction\ray incladd, bids of t he
pair of comruni cating devices and the network characteri stics. %Fﬁ’

2007/ 101338 PartedA0 0B SOwyE? (RE-NVIREITINOCCUPYHE STVEL PPHA CORBUER

instructi th 114 TR PAricie ofhBr GRS MTGhE FreRAC O tBAL the orh ChGVE” such
as the ab@é’-%@sﬂ&lﬂg&gd met hodo.may be stored Qnﬁa form of conputer readable
nedi a. Coispoteadedrioaahadrhpassadiesice met bicslly 6pnsidered & ermpieniatt kaying sinilsfovabl e
and non-rerm%lﬁgfl:se medi a i npl emented in any nethod or technol ogy for storage
of i nf or n¥¥P Such as conputer readable instructions, data structures,
program es qQr e ta. I dia.dnckiidesnn Bt i s not
Pt ed tOET o Bl AShoNR SRR e8PV TR e ACy

el ect ri cagdyi ickgagmabilp sagemnarshay RAUpEERRE)netvwdrk sichrae toshpwo in Hgirer

menory tegchpol ogy,. conpact di sk. ROV i g r 1€ di ( DVD)
or ot her gp{}\ tb‘éﬁx@?"&r %@?‘aﬁaﬁwgﬁ? 3015%@5%@,@ %é%}r‘lfes? !S Eo\ﬁ?egg%%hé%t&gé‘&ﬂ% di sk

st or age ORTGidaRker PEOEIrt Passing of gethd destimeiion APs, arcjudiighaffiothatipassesihrauighcan be
used to store the desi regpi nstructions, and which can bte accessed Ip AVP- RTG
212, i ncl gl A% fiencuieRdotolGRiSs AoiRIlE SVermEe R PLIPRSIET AR: Skt

[ 0024] Fi gfi5® ift hRourd diecao@ ram)the DARI 8dkinS andha@ued ahd BrsehitQdiredly BVERRTG
server. As with any network server, ., AVP- RTG sgéée@SZIZ ONMuri se

pr ocessor thesigeal Jroptet btk Prng pomection, gvpned Hiteds Ptﬂ?“oé'é’z@Bp 450,

and a NMenplysado4xQRHR, efle t AVPIORE SeRkr 429 . nefbatéie teC akiBiuif poiible oRPar at e
pai r of queueS for_ each Vol P session in th%_ W_ AN gnt erpri,se. The queues are

created aReFkpgeHemintarrlnyith bad mohile saHawSubist Ul €dse YRAARS QUKD WHFRCE N i s
execut ed iRGe | thd BHOK& 1dhs rdtd isHAScAN9 SBryasw Rkt tRahtrdjuagt | ve
Vol P cal | g%;?%ﬂ%eﬁﬁgh?ﬁ?%ﬁﬁfe%é@é AVP- RTG ,tsb?rive?, Qrv)\'n th pairs 402é,\¢l 404 and
406 of quinseef Ibnger pepkets has minige effket opsalbawdlityyel y. Code (not shown) stored
in menory 454 is able, when executed by processor 450, to establish the

| egs of the active VolP calls between the partici pants and AVP- RTG server
212. Wthin each pair, a single first-in-first-out (FIFO queue nmay be used
for voice packets arriving fromeach Ms participating in the Vol P session.
To conformto the negotiated packetization interval for each |l eg of the

. - o, I T . -




Rl M046- 03PC 10 | oading at certain APs that are experiencing particularly
heavy traffic. In such a schene, packetization intervals nmay be determ ned
by consideration of the current utilization and/or |oading of different APs
in the network in addition to the latency for the call. [00261ln one

enbodi ment woaetlishe Station that is associated with aphighkdoyrideoraded (i.e
congested) access point may be favored by such an AVP al gorithm by being
assi gned pni@kagpcpracketi zation interval than the other nobile station that
I s associ at ed W|th arelatively lightly | oaded AP. As the vol une of VolP
traffic across the WLAN changes with tinme, the AVP schenme may work to
ensure equalization of load and utilizgtion anong different APs in the

net wor k. Such an aI gorithm has particular application for a WAN with a

hi ghly variahl e, t t , ts,
hot el s oﬁohgﬁf ee ﬁ@% Mg%ﬁh%té#éa CQPQ’ §2'1@'i‘;y t{ﬂmlgié@g%agr{g dSttatglrogQ{

mul ti - hopapagh tmempek'm semum n'@hls raalt reg;mst |coddtbe|smprdw@1mﬁom M5 20%¢0

backhaul n sche capacity
i npr overre‘mléa%l’ff(g %?g éﬁbalyé’egs 38103%300 W r?‘neam% ove%iSfpg‘f/%%I 4é]'(p)vﬁllnéefﬂgat i on
for both i3 RyPeRTGRANER 12 hajdtaRS a MotP Aitmectiof OAH]bBth MS’EO&thMJStZ‘lm such
assi gni ng packet i zation intervals my be formulated to t he nunber
of Vol P siakiweridceshaansiiaye ungle YTt il CBSH 6B BYiRE 5 e

before ne C%z'ohsoraz“m) %&’WRT&}%%%%%%I@@ @&uh&mwdﬁa@apﬁcwsyms 2092911 n

formul ati hg”such an al gorithm one may or_ exa seek to maxi m ze the

nunber of mekshies dkesroundtrin h@ﬂcwythbéoweféﬂﬂm@aﬁé&p BTG gpver Ha. phm IP'HaSF‘F]e
oL O K| DEbRIC sfhildh A, Sheil) ML | Sl S ik RIMORT coluBtied wh

avai | abl e™Peodr ces. AN e such an "anal ysi s l ows: 1003 Let N,
be the maxiampia, mhenﬁﬁrandeR/c(ScFﬁdseBsmhsnd Regeiven Reprrt)spagkass pbthesRealiTimeeousl| y

andan upPPHIET COLBERKES Ao aRoRa pARIET iR LAYERIOYSRE S | o)

a Vol P pagkzelfor dxhraple easiticsof elidveant-pi delag, sucimshesmsadehmrheadHPsR"ﬂﬁ RTP,
UbP, | F, and |.LEEE 802.1 | aye CH = U H.,P HVAC ,
Wts) (1) SoRese s e desmencns Sion vitomms A pmmmine g eanabid Hiterey Ritin

for the leg, i.e. the difference between the actual latency and thc maximum allowable latency.

At 312, AVP-RTG server 212 negotiates, through Session Initiation Protocol and Session
Description Protocol (SIP/SDP) signaling, a packetization interval for the leg by determining
the maximum packetization interval supported by MS 208, subject to maximum latency
constraints for that leg. At 314 — 318, a second, separate packetization interval for the second
leg of the communication is determined. At 320, AVP-RTG server 212 acts as a translator by
repackaging all incoming data from one leg into packets of the appropriate length for the other
leg before transmitting them to AP 206, and vice versa. This action is {ransparent to MS 208
and MS 210. Having AVP-RTG server 212 break each end-to-end voice connection into two
separate legs allows for negotiating asymmetric packetization intervals for the two legs of the
same voice call. This may be useful, for example, because different IP-based mobile stations
have different sets of voice codecs with different supported values for packetization intervals

and playout buffers.

[0022] In this exemplary method, the latency is actually measured by the mobile station,
however, other methods for measuring the latency may be substituted. For example the
latency of the connection may be measured by an additional, separate device that is in series
with the connection, or by the AVP-RTG server itself. Alternatively, the latency may be
estimated or modeled based on knowledge of the relative locations of the pair of

communicating devices and the network characteristics,



11 It is assuned that when an AP sends a DL Vol P packet, the M

acknow edges the reception of this packet before it sends an UL Vol P packet
whi ch shoul d al so be acknowl edged by the AP. The overhead incurred at the
MAC | ayer of the AP is thus: 011,4p = PHY + SIFS + ACK (Second) (2)

Simlarly, oPBkeiead incurred at the MAC | ayer of tpherdvosi ey s:
OHVB=PHY+SI FS+ACK (Second) (3) where PRY is the physical |ayer header and is
sent at RIMHE-03BGr oughout our anal ysis, we assume that MS uses a schedul ed
delivery mechanismfor VolP traffic since this can guarantee a m ni num
access delay for voice packets because Mss can access the shared channel at
pre-schedul ed tine intervals without n8ed for contention (this is the
reason that DIFS and CW,," time are omtted fromequations 2 and 3 above.)
[0032] | n (0683} anaopsivter-ekdeatables singiuctions ofor pawplemnentipgs aundadapivel ovdceand t he

need for vojce packets retransm ssion.isS.ignored.. Thi t hat t Vol P
capaci t y RIEFeligRiten; %Cﬁ?ame i aﬁu%@%ﬁeﬁcﬁgﬂgaﬁﬂ?ﬁ %agpggisﬁgﬁ&+%m£€: 12 *
(Audi 0 Payhpagr redable fmedinaomipaet qeddable] medifHAgudes OrdiiB{ld)andhesmnsolatiklj o

Payl oad =Ptinme * CodecR ate(5 0033] Here, it i d that both U oi ce
pagket s sfémlfwﬁﬂe @H@OW’&Wl(BLI%‘R‘J’gﬁl f)e]&?&??gt‘%‘l’“}yéh%map;fsfl{%ﬂﬂ%% r lerage g Yh:a

same si Z%ﬁﬂ)ﬂ?ﬁtﬁfnesua?ﬁkt coftfpuleP ReadABinbtRlcBons\BatA stricturésSprog@ammedliak ofhef t he

ith AP, AP" ere are it, active Vol P sessions. These Vol P sessions are
t er m nat i datp. atContputer treadable amerdia; inciugles cbuhiis moipBmited de,crandamy, @cossy MR d

| oadi ng (i, ugid i ' ol | éfgbgbg'o ¥l YON @EPROMS can
be expr es@%g%do‘}nﬁ’gv%e: 1%&3@ E @%éll 9+ ukc}xzﬂlilpiaﬁ?fg%ﬁ ] (E% b%
flash memory or other memory technology, compact disk ROM (CD-ROM), digital versatile
disks (DVD) or other optical storage, magnetic cassettes, magnetic tape, magnetic disk storage
or other magnetic storage devices, or any other medium which can be used to store the desired
instructions and which can be accessed by AVP-RTG 212, including by internet or other

computer network forms of access.

[0024] Figure 4 shows an exemplary internal configuration for an AVP-RTG server. As
with any network server, AVP-RTG server 212 comprises a processor 450, a network interface
card (NIC) 452 coupled to processor 450, and a memory 454 coupled to processor 450. The
device maintains a separate pair of queues for each VoIP session in the WLAN enterprise.
The queues are created and maintained by code (not shown) stored in memory 454, which is
executed by processor 450. In figure 4, it has been assumed that N active VoIP calls are being
controlled by AVP-RTG server, with pairs 402, 404 and 406 of queues for calls 1, 2 and N,
respectively. Code (not shown) stored in memory 454 is able, when executed by processor
450, to establish the legs of the active VoIP calls between the participants and AVP-RTG
server 212. Within each pair, a single first-in-first-out (FIFO) queue may be used for voice
packets arriving from each MS participating in the VoIP session. To conform to the
negotiated packetization interval for each leg of the call, queued packets may be either split
into shorter packets (as in queue 410) or aggregated into larger ones (as in queue 408) before

they are passed on to the destination mobile station.

[0625] In the exemplary method outlined above and in Figures 2 to 4, packetization
intervals are determined according to the measured latency margin of the two legs of the call
only. The determination of the packetization intervals is accomplished by code (not shown)
stored in memory 454, when executed by processor 450. An AVP scheme may also be used at

the network management level, for example, to relieve network congestion or to reduce
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voi ce packets pairs sent by both the AP and M5 (per second) for the jth
Vol P session and is dependent on the packetization interval of the codec
used at the |l eg between the M5 and AP, for that call (Ptinme) such that: Npj

= 1/ PtinmRighrhoekeP341In general, for AP, that has n,pedoriotemeBR Vol P
calls, the maxi num nunber of Vol P sessions that can be supported 'N,' is

i nversel J{Wﬁﬂﬁﬂzonal to the actual capacity fraction needed to support
ongoing n, sessions: cc 1/UL(8) 10035] To nmaxi m ze the nunber of VolP
sessions that can be admitted by all the APs in the network, the

optim zation problem may be witten ast0 max EN4 4=1 where Mis the number
of Ms in the WLAN enterprise. 10036] Because this is a_convex problem it
can be r doading ancesgingAR thiatrregxpesieneing tnagicelarly deavyhigaffio adm sechos seemeyt he Ms

in the enptaglg rzzgtt?o% &t%ﬂ%xwwﬁa&nﬁﬁdw nk3EPhtion b ¥hE chirerdt Tilization and/or

loading of different APs in the network in addition to the latency for the call.

[0026] In one embodiment, a mobile station that is associated with a highly loaded (i.e.
congested) access point may be favored by such an AVP algorithm by being assigned a larger
packetizatjon interval than the other mobile station that is associated with a relatively lightly
loaded AP. As the volume of VoIP traffic across the WLAN changes with time, the AVP
scheme may work to ensure equalization of load and utilization among different APs in the
network. Such an algorithm has particular application for a WLAN with a highly variable,
floating end user population, for example, at airports, hotels or coffee shops. Such an
algorithm may also be extended to a mmulti-hop mesh network, resulting in significant
improvements in the backhaul relaying capacity. By using an AVP scheme, the resulting
capacity improvements are also strongly associated with improved power conservation for
both IP-based mobile stations and APs.

[0027] An AVP algorithm for assigning packetization intervals may be formulated to
maximize the number of VoIP sessions that may be accommodated by the network at one

time, before new calls are blocked.

10028] Maximizing Network Capacity:

[0029] In formulating such an algorithm, one may, for example, seck to maximize the
number of VoIP sessions that may be accommodated at all the APs in the network before the
first new call is blocked because of insufficient available resources. An example of such an

analysis follows:

[0030] Let N; be the maximum number of VolIP sessions that can be supported
simultaneously by a single JEEE 802.11 AP, AP;. The transmission times for a downlink (DL)
and an uplink (UL) packets are denoted Tp; and 7y, respectively.

[0031] For a VolIP packet, the header overhead OHy, consists of the headers of RTP,
UDP, IP, and IEEE 802.11 MAC layer:

OHyar = Hgre + Hupp + Hip + Hyace (Bits) ey



subject to: MnPtimep 5.Ptinmep SMaxPtineil (12) Ptinmep + Ptinej,2 +
AD(Ptinmep, Ptinej,2) + D.tworkS LM (13) where AD(Ptineir Ptinej, 2)=--
(max(Ptinme.,:ifti.nmei2)) 4 x mn(Ptineb,(14) WO

2007/ 101328PCT/ CA2007/ 000327 RI MD46-03PC where Ptinett and Ptinet2 are the
pai r of pagiehiz@aiion interval val ues correspondi ng topypCERIP@GIEEL S
generatemdtt&rbﬁ Ewo end Mss of the jth call, MnPtinejj and MaxPtingj,i
are the | 0r-a 8 upper - bounds of the packetization interval val ues
supported by the nobile station associated with the ith AP and used for the
jth call. LMis the available round-trjp latency margin for the jth Vol P
session. ADOis the Vol P packets adapt tion del ay incurred at AVPRTG server
for splitting/ packing. voice packets received at hoth |legqs of the itch VolP
sessi on ais-assugper g henyn A8 sergs a@d@?w@%ﬁw%@ﬁﬁ §rH§ Teoep(igh pes .

Dnemot * i istBekeN B8R Kse AR YUMo B pdcRE wiikhSshBhll a8 baXclaBWRARABySthe AP.
experi enced by Vol P packets, other than those nentioned in the | atency

mar gi n coFhetaveshead ingirred agthe prAfp layer afdhe AR Isghus: channel access del ay,

...etc). The ppgpagaion I i pi cal WLAN enterprise s pis
negligible corr%)gj?‘téd W t+hS ﬁ%‘éﬂ%"%@ﬁ%m zation interval perio }lsi nce a

wired distribution system(e.g., Ethernet) is used to transport traffic

(1 ncl udi \Vol.P_streans). bet i n & kl:1.he enterprise. [0037]1n
a speci aInSgLB’élgréy’(Sl?se?Vﬁﬁ?a%ﬁ?ﬁgﬁewgﬁ%gféfﬁgﬁéd;}% consider the situation
where all cal | ozt e PEEt WS HAMK I(Becehdit | ons t hat support the s@me vocoder

and the sane sanpling rate. Mrreover, it can be assuned that the underlying
PHY | ayer of the IEEE 802.11 WAAN is the same for all APs in the network.

In this cagge PHYCIsGhOPIBsicANa}FhERIERYInDE sektia2i1Eps Thivpjhidut binGanklysis,avei | abl e
| atency margin "LM on both sides of the cal]l %.e. Lhe = Ptine2 = LM 2).
The al gorassuing thayg¥IS mpesie schedyled delbnonsehapiymfer Bmﬁj‘; sipce this,fan eMEaRES i ¢

al gori t hg h&iﬁﬁ{:nva%_césbaeiépfb? ivBice paKEs PERRSEMSS Blnl 4884sk Yhe shidd@viinneliat pir OVi des
a suboptimal solution for the nore general MaxNetwor kCaﬁ tO]E'{I m zat | on

probl em sheduledvimBeintarvals withovt need faf proangion/tis i theasaso ESrwd \CWhing 2) ;
2:Ptime2 & PhiWkitted from equations 2 and 3 above.)
[6032] In this analysis, the possibility of packet loss and ACK loss and the need for voice
packets retransmission is ignored. This means that the VoIP capacity derived is an upper

bound on the actual capacity.

Tpp+ Ty = [2 * (Audio Payload + OHygy) /
TransmissionRate] + OHqp+ OHygs 4

where
Audio Payload =Ptime * CodecRate (&3]

[0033] Here, it is assumed that both UL voice packets sent by the MS and DL voice
packets received from the AP have the same size and are seni at the same rate. Next, it is
assumed that for the i AP, AP;, there are m; active VoIP sessions. These VoIP sessions are
terminating at MSs that are associated with AP;. Hence, the normalized loading (i.e.

utilization) of AP; due to the »; active VoIP sessions can be expressed as follows:

n
U= .EI(TDLj +TUL_;‘))‘NR)' (6)
J:



End [ 0038] Maxi mi zi ng Vol P Capacity at APs Experiencing Particul arly Heavy
Traffic: [O039]Alternatively, it is possible to maxim ze the Vol P capacity
of the AP that has the nmaximum Vol P traffic |oad anong all the "Al" APs in
the enterprise. An exanple of such an analysis follows (M n-Max AP
Utilizati owoldyiderzhor mul ation): mnfrmax Ui l, subject tecT/cA¥N7/000327

2007/ 101328PCT/ 007/ 000327 R11\4046-03PC 14 MnPtinep 5. Primaid 5_

MaxPt i me 6 imej,2 < Ptinmet2 SvaxPtine,2(16) Ptinmep + Ptinej,2 +
AD(Ptinmep, Ptine) + Dna. < ork ---)(17) The mn-max optim zation above is
global, i.e. is applied over all active calls in the WLAN enterprise at the
sane tinme. [0040] The non-linear "ceil i% li" operator in ADOis adding a

lot to the conplexity of both conbinatorial discrete integer problens

Max Net wo nki@apNa nsithimimberof ARicetpasketsanairs sent iy badthh APraad ¥ rer pesend) forct i on

in both ol f | akt ﬁigé} i -SeRshal §ESe b Ediiyal ent

convex oB@ﬂn’ga isggr?{ggrag%:lsce)%?e un o@%ﬁ%%%?@ﬂ?s verye d‘lﬂi;e?iugéglat ﬂl'ltéo ggol ve

bot h pr oldeawsn dptMiahd $Pifecthatsall (Frimdiesuctothat: i nearity in the | atency margin
constraint. [0041] A possible solyti or this problemis the e of

gr eedy- based heuristic 1\‘{!,] 901)&"’19” 7

[0034] In general, for AP that has »; admitted CBR VolIP calls, the maximum number of
VoIP sessions that can be supported ‘N; is inversely proportional to the actual capacity

fraction needed to support ongoing #; sessions:

N; « 11U 8)

[0035] To maximize the number of VoIP sessions that can be admitted by all the APs in

the network, the optimization problem may be written as:

M
max > Ny
i=1

where M is the number of APs in the WLAN enterprise.

[0036] Because this is a convex problem, it can be rewritten as a minimization of the sum

of the loading of all the APs in the enterprise (MaxNetworkCap formulation):

M
min ¥ U,
i=1

n T AT
whereU; = 3, 2L/ _ULJ
j=1 anej,l

subject to:
MinPtime; | < Ptime; ; < MaxPtime; (12)

Ptime;; + Ptime;z + AD(Ptime, 1, Ptime; ;) + Dnorvork< LM, . (13)
where AD(Ptime;,;, Ptime;2) =

max( Ptime,, . Ptime, ,)
min( Ptime, ,,Ptime, ,)

(14)

}—1} x mis Ptime ,,, Prime )



al gorithnms. Two such algorithms, "Heuristic MaxNetworkCap"” or Heuristic-1
and "Heuristic Mn-Max AP Utilization" or Heuristic-2 may be used for
near-opti mal solution of both fornulations in [0028] and [0038]. [0042]Both
heuristic algorithns deploy a | ocal optim zation technique rather than
gl obal | y nivpi20e7zi01egs t he cost function. The greedy- basescsoAner®mossnrk in a
way sim Mg Oﬁ ypi cal Call Adm ssion Control schene that initializes the
packet i zatt i%iF&rval val ues for each new requested call with a feasible
solution and then tries a limted nunber of neighbor "Prine" values in
order to obtain a near-optimal mninum.utilization for end-APs. [0043] The
"Heuristic Mn-Max AP Uilization" algbYithmenploys a |ocal optimzation

techni que that searches for a suboptimal pair of Fame] and Ptjne2 val ues of
every nevhers Bies wed Fiwppardhe pmraqfrperketlrréwnrrrfwﬂg/atlss SITEERONARE ] YRISE ze t he

cost fit Ekc? engtaed%pthxaro 4RI MASs bﬂh@ (i, SirtPribid), atcPMaxﬁﬁhw ﬁaé th Wler-

adm ssi o con schene. For each Wy requested call, the al gorithm
starts byandetnperrbarindg) of Hbe AReketipationt merral\ualm @éprmed d?YeﬂEs@leieaﬁfé@Om\n th

(i.e. APl_and AP, gthen,pt e V ngth
of each NBY° havél@e%l I t%ie aﬁgvra\l/ls%:dafo# ﬂ?ej;h I:AillPané da%%% nl?'uﬂé Eftphﬁl:ftm'# easi bl e
sol uti on méviginhfo Eﬁeg‘elvelﬂ sdsios 4DE 1srﬂerIPnpedketsradapmmrdg}wpmurm$st AVE-
packeti zatilqQn int orted b the sur.ed

ol bi dX PG oot rretREGne K Bkt e H SO R AR VI S R wo
2007/ 10132 &R 6%@%&@%&7}’%4\@&6} PidRE;, Y8usoMReG} isahe n&herskaieiayl whiet

o g0r 1 t Sl Ackelay omaPPaTE, CXPOREl YOI, RckeiSe OB ot FRRPrER &

al gori e

progress g 1&&1@%&? Idohrmﬁ 1B€(e g€ bropR@tioR |dela§ Odhahied ASceds &eiiy}urhds) The
100441After the initialization phase, the algorithm oceeds Ygwbnes 9, 10,

and 11) byoRaRatan fRlesi m # fiPiGah ieBieTRAISE JERP Aip peabiel t he
same. ketﬁat?he:'ra{t'ﬁéx)ﬁatl dsSQhddtd Qfirelt Smg‘u%uﬁén a.;?ﬂerﬁ he ga|%ﬁeft jry ﬁs@d R nat es
srnceth use o tric initial values of Ptinei and i me2

sati sfi estranigport ‘faﬁtf@ﬂéyclmvﬁﬁﬁ strearny) between differept ARs inthp gieipEfies are
different, the algorithm (in line 12) checks if AP] is nore heavily | oaded
than AP2.[0037]t hi &n jasspediel ease ef thin eptihigatian: prablsmea PGB8y fcgpsides dhy ion

possi bl e Mﬂérgeﬂtlloéaﬂgta}@‘ﬁétw%%hafn kﬁu it} o ort MR S bl é}lﬁ thé‘%a:ﬂ@w cal |

whi | e achi'éving the mnim API Ines 13 throug1 This is
done by ssampilnglgithbrePtqr,neqan:be |asﬂumeéﬂ1aﬂhamqerlarwe Hﬂ%tﬁmrrof eJEBB8P2kbnt i ng

(Plt: ggl 13;%*(‘% a eagﬂgﬁog H‘\ggll?o Hgﬁﬁortkhe | ar gest’ élb&gl g{ E’S{F'ue o ::’t)iOPrBZ

t hat (qgi vaﬂamdfmbycsptlﬁmgthe\mlaﬂ:ﬁala)lfateﬁcmmérgnf “ItMReon bmdpmdttse“rf dteicgll (i.es Btilngf¥ es t he

| at ency cgQnstr aj a X sol ution

R - S BV Py %“105%2‘@%‘% flsRisR Geloyy) iy ‘”S“d adim l‘l’?‘%\%%“%y t he
m ni mum f §i3¢mh&i 3 Solve -tBe sﬁﬂ.@laﬁb‘ése mmbtédirepﬁmany SHG}DJSV@J E pt(&pkata&dbomhndl
either a better solution iIs or Ptinel reach the value of Initial
Ptine2. Gl § %"ttH%F“’Waﬂﬁ’HemﬁMmégﬁ”‘?réc QRUMZALON pip féghded than APl, the

al gorithmsearches for the largest passible val ue of Ptinme2 that V\DU| d
guar ant eegher@dm ssion of the new call while achieving the m ninal
utilization AP2_(lines.21 through 30). Mn-Max AP Utilization (MVAI):
Init /*I nhiﬁize Ptinmes for both Mss vm'th t he maxi num possi bl e val ues

based on abl endRA®RKYP moders constraints. 1: APl = 1D
of AP tha 1 tg?ngssggﬁatmg&wth 2: "AP2 =" 1D of AP that MB2 is

associ ate nrtraI_Ptrrner = mn(LM 2, MaxPtinei);

[0038] Maximizing VoIP Capacity at APs Experiencing Particularly Heavy Traffic.

[6039] Alternatively, it is possible to maximize the VolP capacity of the AP that has the
maximum VoIP traffic load among all the “M> APs in the enterprise. An example of such an
analysis follows (Min-Max AP Utilization ‘MMAU formulation):

min{max Ui}, i=1,2,...M

subject to:



4: Initial _Ptime2 = rnin(LM 2, MaxPtine2); 5. Optinmal _Ptinme, = 6:

Optimal Ptine2 = Initial _Ptinme2; 7: Best solution found so far = infinity;
8: Begin 9: if (Initial Ptinei = =1Initial _Ptime2) 10: Update Uilizations
of end APs; 11: Exit; // Near optimal Ptines are found. 12: ) else if (
Utilizati oNg{PWIOPBE | |izati ons(AP2) ) 13: for (Ptimei PET/CARMT/I03PL |t ner ;
Ptinmei > RINMb4cd3P@L i ne2; Ptinet - 14: { WD 2007/ 101328PCT/ CA2007/ 000327
Rl M046- 03PC 16 15: Ptine2 = Initial _Ptinme2; 16: while (Ptinmei & Ptinme2 do
not satisfy LMconstraint) 17: Ptinme2 = Ptinme2 - MnPtine2;

14
MinPtime;; < Ptime;; < MaxPtime; | (15)
MinPtime;; < Ptime; ; < MaxPtime, ; (16)
Ptimey; + Ptime;; + AD(Ptime; 1, Ptime;3) + Dpemork < LM, an

The min-max optimization above is global, i.e. is applied over all active calls in the WLAN

enterprise at the same time.

[0040] The non-linear “ceiling [ 7 operator in AD( is adding a lot to the complexity of
both combinatorial discrete integer problems MaxNetworkCap and Min-Max AP Utilization.
Although the objective function in both problem formulations can be easily transformed into
an equivalent convex optimization problem, unfortunately, it is very difficult to solve both
problems optimally because of the non-linearity in the latency margin constraint.

[6041] A possible solution for this problem is the use of greedy-based heuristic
algorithms, Two such algorithms, “Heuristic MaxNetworkCap” or Heuristic-1 and
“Heuristic Min-Max AP Utilization” or Heuristic-2 may be used for near-optimal solution
of both formulations in [0028] and [0038].

[0042] Both heuristic algorithms deploy a local optimization technique rather than
globally minimizing the cost function. The greedy-based solvers work in a way similar to a
typical Call Admission Control scheme that initializes the packetization interval values for
each new requested call with a feasible solution and then tries a limited number of neighbor

“Ptime” values in order to obtain a near-optimal minimum utilization for end-APs.

[0043] The “Heuristic Min-Max AP Utilization” algorithm employs a local optimization
technique that searches for a suboptimal pair of Prime; and Ptime; values of every newly
requested VoIP call rather than trying to globally minimize the cost function. The solver
works in a way similar to a typical call admission control scheme. For each newly requested
call, the algorithm starts by determining the APs that the two voice MSs are associated with
(i.e. AP, and AP,). Then it initializes the packetization interval length of each MS involved in
the new call (i.e. Ptime; and Ptime;) with a feasible solution which is selected as the minimum
of the maximum permissible packetization interval supported by the MS and half of the

measured available round-trip latency margin between the two end MSs of the new



18: if (Max(Utilizations(APlI,AP2)) < Best solution found so far) 19: Update
best solution of Ptinmes and best AP utilizations found so far; 20: } 21:)
else if ( Uilizations(AP2) > Utilizations(AP) 22: for (Ptime2 =

Initial _Ptinge2;: Ptine2 > Initial _Ptinmei; Ptime2 - 23: { 24: Ptinei = 25:
whil e (Ptin¥O 2780132 do not satisfy LMconstraint) 26PCTPEAZEV00632PL | mei -
M nPti mel ;RIMO46{0BPC Max(Utilizations(API, AP2)) < Best solution found so
far) 28: Update best solution of Ptinmes and best AP utilizations found so
far; 29: } 30:) 31 :End [0045] The "Heuristic MaxNetworkCap" algorithmis a
vari ant version of the "Heuristic Mn-igax AP Utilization" algorithm The
"Heuristic MaxNetwor kCap" al gorithm deploys a | ocal optimzation technique
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i f initialjpgayi onanad 4eSnkiak has@n LR €1 N 1o
near - opt i r;al ?sol ution is foazr?g a gast@hgw;%' ori tﬁir%&te%&rgrrghagg’slgiar? ent)ﬁbé{ use
of the syeheskingcifiipifiplization, 3aluessfonPrimer and Paime, Meithe Sargatlf s6,i & nedrioptidalt ency
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and Ptine t. he admi ssjan pof the, ne al.l while

achi evi ng%ﬁ%’gaﬂn‘q ﬁ?%\g lgﬁ%{eglgs li 183 aﬂtyﬁf’?%gttéa&rép 2(\ﬁi ds the s Hisgh

20) . Tlhi Et a!@dgmnspairjn_rh es‘ﬁto;(]ﬂmgﬁrgdsap?]ts]ible_\iahietoitfmimf’ﬁtihfjf&wcﬁ:ﬂujg&%t Ee}gt'ﬂ]ﬁb dﬂ&zﬂm’&t%l: »

Initia | . n,. .algofirthmiterative ecrenen I me2 until |

reaches |HFH1%£°WF9?$P?@BGP$€“ ér%ff[‘??’é‘}“&?]iIB g ofi /M (inss 158515“ 1%0h dhis4§ donen e

al gori t hmbg esirilpesith Priniche ThisinlPivke, P08 Sicktively AottemeftinBt AR2 hhipd réfdhasen the

val ue of Pr_|,rrle:'r} sa]él sfies the |atency constraint and woul dsfpr oduce a

better soldffigifrimess 18 each dsrafonof theotor Joop (ingil IArthe algpmithmdripsieding tholezsiton t he

ot her hangossitie Vatid bfabrinkd ithie oilch the Srdn dlud &4 brindd, _oPﬂingolgbitérQﬁ)n?Laggﬁést hm
lal Prine, an

fixes Pti Zléto Initial Ptime2 and sets Ptinme = Init
iterati velrai]%‘ (B Y FRnstrainy and Wg)uﬂdapr@ggqe a better solution (i.e., lower utilization of AP, and

AP,.) If none is found, Ptime, is decremented by the minimum frame size (e. g. 20 ms) and the

same steps are repeated until either a better solution is found or Pfime; reaches the value of
Initial Ptime;. On the other hand, if AP, is more heavily loaded than AP, the algorithm
searches for the largest possible value of Ptime; that would guarantee the admission of the new
call while achieving the minimal utilization of AP; (lines 21 through 30).

Min-Max AP Utilization (MMAU):

Imit

/*Initialize Ptimes for both MSs with the maximum possible values based on available
latency margin LM and vocoders constraints.

1: AP, = 1D of AP that MS, is associated with.

2: AP; = ID of AP that MS; is associated with.

3: Initial_Ptime; = min(LM/2, MaxPtime,);

4; Initial_Ptime; = min(LM/2, MaxPtime,);

5: Optimal_Ptime; = Initial Ptime;

6: Optimal_Ptime; = Initial Ptime;;

7: Best solution found so far = infinity;

8: Begin

9. if (Initial_Ptime; = = Initial Ptime;) {

10: Update Utilizations of end APs;

11: Exit; // Near optimal Ptimes are found.

12: } else if ( Utilizations(AP;) > Utilizations(AP;) ) {

13:  for (Ptime, = Initial_Ptime,; Ptime; > Initial_Ptime,; Ptime, - =)
14: {



WO 2007/101328PCT/ CA2007/ 000327 RI MD46- 03PC 17 possi bl e val ue of Primer
that woul d guarantee the adm ssion of the new call while achieving the

m ni mal

sum of AP, and AP2 utilizations (lines 21 through 30.)
MaxNet wor k%zoo

*Initialize Funes for both MSs with the maxi num

if !
possi bl e val ues Jﬁ&é%ﬁl on avail abl e | atency nargi n LM anBCT/648a#08327
09PC

const r ai nt BIMg46- .
AP that MS2 is associated with. 3:

4: Initial _Ptime2 = mn(LM2, MaxPtine2); 5: Optinal_Ptinei = Initial
timel;, 6: Optinmal Ptime2 = Initial _Ptimg; 7: Best solution found so far
infinity; 8 Begin 9: if (Initial _Ptimei = = Initial_Ptinme2) 10: Update
Utilizatiolfs of Rtimk;ARRitial Ptime;;

16: while (Ptime; & Ptime; do not satisfy LM constraint)

17: Ptime; = Ptime;, - MinPtime;;

18:; if (Max(Utilizations(APy,AP;)) < Best solution found so far)

19; Update best solution of Ptimes and best AP utilizations found so Jar;

20:  }

21:} else if ( Utilizations(AP,) > Utilizations(AP,) ) {

22:  for (Ptime, = Initial Ptime,; Ptime, > Initial Ptime;; Ptime; - -)
23;  {

24 Ptime; = Initial Ptime,;

25: while (Ptime; & Ptime; do not satisfy LM constraint)

26: Ptime; = Ptime; ~ MinPtime;;

27 if ( Max(Utilizations(AP),AP,)) < Best solution found so far )

28: Update best solution of Ptimes and best AP utilizations Jound so far,
29; 1}

300

31:End

[0045] The “Heuristic MaxNetworkCap” algorithm is a variant version of the “Heuristic
Min-Max AP Utilization” algorithm. The “Heuristic MaxNetworkCap” algorithm deploys a
local optimization technique that searches for a suboptimal pair of Ptime; and Ptime; of a
newly requested VolIP call to minimize the sum of the one norm of the loading of all APs, The
algorithm initialization part is identical to the one in the “Heuristic Min-Max AP Utilization”
algorithm. Afier the initialization phase, the algorithm proceeds (lines 9, 10, and 11 in Figure
3) by checking if initialization values for Ptime; and Ptime, are the same., If S0, a near-optimal
solution is found and the algorithm terminates since the use of the symmetric initial values of
Ptime; and Ptime; satisfies the latency constraint in 13. If initial Pfime values are different, the
algorithm (line 12) checks if Initial Ptime; is less than Initial Ptime,. If this is the case, the
algorithm searches for the largest possible values of Prime; and Ptime; that would guarantee
the admission of the new call while achieving the minimal sum of AP, and AP; utilizations
(lines 13 through 20). This is done by fixing Ptime; = Initial Ptime; and setting Ptime; = Initial
Ptime;. Then, the algorithm iteratively decrements Ptime; until it reaches Initial Ptime;. In
each iteration of the for loop (line 14}, the algorithm searches for the largest possible value of
Ptime; that (given the value of Prime;) satisfies the latency constraint and would produce a

better solution (i.e., lower sum of AP and AP, utilizations.)

[0046] On the other hand, if Initial Ptime: is less than Initial Ptime;, the algorithm fixes

Ptime; to Initial Ptime; and sets Ptime; = Initial Ptime; and iteratively searches for the largest

= |Dof AP that M51 is associated with. 2: AP2 = I!Z)of
Initial Ptimet = mn(LM2, MaxPtinei);



11: Exit; If Near optimal Ptinmes are found. 12: } else if (Initial_Ptinmer <
Initial _Ptimez) 13: Ptinmet = Initial _Ptinei; 14: for (Ptine2 =

Initial Ptine2; Ptinme2 > Initial Ptimei; Ptinmer - 15: { 16: if (Ptimer &
Ptime2 Satiﬁ{ﬁy“w constraint) 17: if (Sumof Utilization(APl, AP2) < Best
sol ution foUfd Of?ﬁ’) 18: Update optinmal solution of PP¢THES2087WORHt i mal
(i.e. mniRiMM6eABPQtilizations 19: found so far; 20: } 21: } else if
(Initial _Ptimer > Initial _Ptirne2) 22: Ptine2 = Initial _Ptimer; 23: for
(Ptinmei = Initial _Ptinmei; Prinmer > InitialPtime2; Ptinel - 24: { 25: if
(Fame' & Ptine2 satisfy LMconstraint) g6: if (Sumof Utilization(APl, AP2)
< Best solution found so far) 27: Update optimal solution of Ptines and

optimal ( ipo@sibl@’ivgliu%m’ﬁﬁa ik \l-’él.&@&'lllagﬁﬁeeztge ac.fln%%g{gn 3f thfe Aew call while achieving
the minimal sum of AP, and AP; utilizations (lines 21 through 30.)
MaxNetworkCap:

Imit

/*Initialize Ptimes for both MSs with the maximum possible values based on available
latency margin LM and vocoders constraints.

1: AP; =ID of AP that MS, is associated with.

2: AP, = ID of AP that MS; is associated with.

3: Initial Ptime; = min{LM/2, MaxPtime;);

4: Initial_Ptime; = min(LM/2, MaxPtime,);

5: Optimal_Ptime, = Initial Ptime;;

6: Optimal_Ptime, = Initial Ptimey;

7: Best solution found so far = infinity;

8: Begin

9: if (Initial_Ptime, == Initial_Ptime;) {

10: Update Utilizations of end APs;

11: Exit; // Near optimal Ptimes are found.

12: } else if (Initial Ptime, < Initial_Ptime,) {

13:  Ptime, = Initial Ptime;;

14:  for (Ptime; = Initial Ptime,; Ptime, > Initial_Ptime;; Ptime, - -)

i5:

16: if (Ptime; & Ptime; satisfy LM constraint)

17: if (Sum_of Utilization(AP1, AP2) < Best solution found so far)

18: Update optimal solution of Ptimes and optimal (i.e. minimum) AP utilizations
19: Jfound so far;

20: }

21: § else if (Initial_Ptime, > Initial_Ptime;) {
22: Ptime; = Initial_Ptimes;
23:  for (Ptime; = Initial Ptime;; Ptime, > Initial Ptime,; Ptime, - )

24:

25: if (Ptime; & Ptime; satisfy LM constraint)

26; if (Sum_of_Utilization(AP1, AP2) < Best solution found so far)

27: Update optimal solution of Ptimes and optimal (i.e. minimum) AP utilizations
28: Jfound so far; '

29; }

30: }

31:End

[0047] Although the subject matter has been described in language specific to structural
features and/or methodological acts, it is to be understood that the subject matter defined in the
appended claims is not necessarily limited to the specific features or acts described above.
Rather, the specific features and acts described above are disclosed as example forms of

implementing the claims.



29: } 30: ) 31 :End [0047] Al t hough the subject matter has been described in
| anguage specific to structural features and/or nethodol ogical acts, it is
to be understood that the subject nmatter defined in the appended clains is
not necessarily limted to the specific features or acts descri bed above.
Rat her, the specific features and acts descri bed above are discl osed as
exanple forns of inplenenting the clains. 4418 Clains: 1. A nethod for
comuni cating a Voice over Internet Protocol "VolP call in a network, the
nmet hod to be performed by a server placed in the network, the nethod

conpri si ng: Claimgst abli shing a Vol P call connection between a first nobile
station coupled to a first access point and a second nobile station coupled
to a second access point in tw |egs, by negotiating a first leg of the

Vol ? cal | cdnneotdtiond for cbminh@idatingta Vibé beer%ﬁe&ﬁé@@rﬁeéom%%" @i % Aep&aoNd
| eg of the Vol PP@S@ qcon ctiogn wth the second nobile station, wherernthe

first leg tHRA hepsriormed by assrven plased bhﬁl‘lmethrh,dhé madtodmmmirfsugt ation
and the server n bef ween
the second nobi I e statl gn an% éﬁ%oéné?ééﬁ{n% erneacéfs\g/m‘i’gﬂ t0 & Yigstn
the first nobiaceesstpaintand mesesandatobitd gngon totipldneta @aoﬁ@g@gﬁs%lﬁtqnttgg 184 of St
I eg; negoti.at i ng% V\%u;h the first nobile station a first packetizatio
interval for thenggoHaing adirlJeg ef the Yoi@ ‘i?ﬂé‘é’i]ﬁ%‘iﬁlopaft’lélh&e finst wohik¢ station and

relating to t f}% biidtflg 4 @ébond led STHAN SBL é@lgcxiﬁﬂ gl[WRfl thd h?eé;\Plgélmo%ale station,

connection on the first leg at  the first packetization
negoti ati ng wiwhereingheSrsolag travbiseethetfast awoess pﬁwﬁntbﬁﬂvdéﬁ@k@ﬁtsmiobﬁ@ stafibie by

for the seconqg% Whe(fﬁ}?? t he econd é) égetl zation interval differs from
the first packet 7 8¢ Mg epud | Tegravertes FieRoNd ACFRRS DoaiKatweest thersscaind P
call connecti Qﬂolﬁl’egtghﬁnaﬁgwsdr@@ at the second packetization interval,
wherein negotiating the first packeti zation interval and negoti ati ng the

second packeti z aﬁ%lﬁmgrﬂtéh\‘/ a¢rver Fomatbe dirgrmobitesstatommicansed Rty dnfofnation
overal I perfor, %ﬂﬁtf rl]sg jQet wor k, and wherein the considerations
conpri se redu0| ng he rﬁg at one or nore access points in the network.

negotiating with the first mobile station a first packetization interval for the first
leg by using the measured latency information relating to the first leg;

communicating packets of the VoIP call connection on the first leg at the first
packetization interval;

negotiating with the second mobile station a second packetization interval for the
second leg, wherein the second packetization interval differs from the first
packetization interval; and

communicating packets of the VoIP call connection on the second leg at the
second packetization interval,

wherein negotiating the first packetization interval and negotiating the second
packetization interval are based on considerations related to overall performance of the

network, and

wherein the considerations comprise reducing the loading at one or more access

points in the network.

2. The method of claim 1, wherein negotiating the first packetization interval comprises:

determining an available latency margin for the first leg based on latency

characteristics.



2. The nethod of claim11l, wherein negotiating the first packetization
interval conprises: determining an available lIatency margin for the first

| eg based on | atency characteristics. 19 3. The nmethod of claim 2,
conprising estimating the |latency characteristics based on know edge of the
relative locations of the first nobile station and the second nobile
station and characteristics of the networ 4. The method of claiml,
wherei n negotiating the first packetization interval conprises: determ ning

an avai l ablnf I tenc%\ ﬂg&f%’g r the.first %} based on the neasured | atency
i nformati or. BRREONEYH > SOTPITIRS SFHIET‘ ellaWBCch Haetedstiest based on
consi der at ilgﬂ,ms@@p(g oaNe t P

connections that ma f%% supp?rlégdi%g%/hﬁh%entgjtsﬁ/\oﬁirégﬁgt t atémtd th%asl,ecgnd walth d
in a first sigionandshanacteristiosrof dhemmiwpdat i ng in a network using a Voi ce over
I nternet Protocol "VolP call, the method conprising: establishing a

Vol P connection with a server placed in the network, wherein the Vol P
connect i on 4.sThe mbﬂlgd of elgimfl, whfelrmapatibtidgethedest phéleetrfzhﬂi@i inbeptdllcemptisds: on
and a second nobjle station, ﬂr\)cl rein the Vol P ection traverses an
access point to SERTEWRLEH N 3vaUe ﬁ'ﬁ%ﬂ‘%’ WJ?FT}’? &geléﬁse%&sthﬁlrﬁ@s@ed
round-trip | alféfey idorthitfonVol P connection; transmtting the nmeasured
round-trip latency to the server; and negotiating with the server a
packetization interval to be used when comuni cating packets of the Vol P
call on thes| eghe Wh&SH t t i i nt .
measur ed roandmtl?l p Ige%gc%ﬁ J5)1%:If)?edrlag?{rﬁ ?Eg 4 &&%I?ilnzg‘f%i on |&L{e¥b\%§l&g§pnse
further bageekiovringkd deelatirober of ValRdall ocotnuem:mlnb thatr fay reenappofted g the
net wor k, and V\(I?{? ?;t t%he consi derations conprise reducing the |oading at

t he access Dﬁg" hf $fe method of claim6, wherein the considerations
conpri se maxi m zing the total nunber of VolP connections that may be

supported by the wor k. at th tinme 8. A server conprising:
processor; 8. ﬁ@‘f’aﬂ)‘i‘ %rﬂtné‘?l?‘ffcséat%@r EJUPUBIating HeneiWoHe YYRE at\@l%ﬂ@tﬂxe

the server R PRR6dol t Vo’ REHVIE Kietiomprising:

establishing a VoIP connection with a server placed in the network, wherein the

VoIP connection is a first leg of a VoIP call between the first mobile station and a
second mobile station, and wherein the VoIP connection traverses an access point to
which the first mobile station is coupled,;

measuring a round-trip latency of the VoIP connection;

transmitting the measured round-trip latency to the server; and

negotiating with the server a packetization interval to be used when
communicating packets of the VoIP call on the leg, wherein the packetization interval
is based upon the measured round-trip latency ,

wherein the packetization interval is further based on considerations related to
overall performance of the network, and

wherein the considerations comprise reducing the loading at the access point.

7. The method of claim 6, wherein the considerations comprise maximizing the total

number of VoIP connections that may be supported by the network at that time,

8. A server comprising:
a Processor;
a network interface card coupled to the processor to enable the server to connect to

a network; and



20 a nenory coupled to the processor, the nenory storing code that, when
executed by the processor, causes the server to establish a first leg of a
Voi ce over Internet Protocol 'VolP call connection with a first nobile
station coupled to a first access point and to establish a second | eg of
the Vol P call connection with a second nobile station coupled to a second
access point, wherein the first |eg trav%rses the first access point
between the first nobile station and the“Server and the second | eg _
traverses the second access point between the second nobile station and the
server, t he rfefemgryasosiplest torthe grasester,ttheymemene stosing cade thah ywhdmeexecuted

processor, ca Y o..negotiate Wwih t first Lle stgtjon a
first packeti gg?‘? %h&?:ﬁ%gf’v%lhs%sotpetsﬁgef i ?§§t%lésél ﬁgﬁﬁgle efsalrjr&léj’&:el AL fprnet

i nformation rBtaddodgVoIP’ tdall donhdtionegith &CRisy abbile aatioRecdubled! to B Bkt Bccess
station and to negotiate with the second nobile station a second

packet i zat i onPPit aad/tg estahllish gsecqndolen of dke Mol ealbponnspiiorywithia sneend wiohile ng
to the overal t ' ' i_.sin
Feduc ng. the TR0 CARIENG Rbodd o MK whekth BRTRARE Ru 808 B2 TR {08
menory al so spaint heggween thet fiat mobiie stadse @nd ¢t Syvérhmdphesanadrleg aauass thbe

server to create and nmai ntain queues for, repackagi ng incomng data fromthe
first nobile W&P‘?B‘f‘?eﬁﬁp"c’ﬁﬁ’q‘i"?@t b 8gqend mehile stationaad thaservet.o data at t he

second packet i zahd aikniddy WNAtofifs chIS R AL BxdQtdd | dafiseS iRt | ON
and for repackagi ng ir?(i:%m ng g@?éacfrom t’he sec)c{)ncg rmhﬁ)l( ?gech{;sg?ggglg Aaatﬁset§htfeié
second packet seregritonegatiaty wah thefirst mabide stetierhe fifst padkepizationtinteastal for therfiss val

for t issjon to the first nobile station. .9 T f_clajms,
wherel n the msRgFEEB I e BT AlaD {iHon et RS BIBASES
causes the sepivBile batiGiehed t AshofiRteaVdh kieBohPiRBAY SR6H iarlég&ﬁgq r?ei&ﬁetiﬂaﬁﬁﬁ of

| eg based on | atency characteristics for the first |eg. e server
claim8 or cligrve fontherserand: lag besad\asr cangidprations refatingzto-thé mecrglh perfarynance 11.

A ter- | ' | Sl | nst {i t abl
o ocessor of of B pRy . SPGBl ol e 0GR Y el pCind g more

i mpl ement  t heake®imt it the neBidikd of any one of clainms 1 to 5 or the steps

of the method of any one of clains 6 to 7.
the memory also storing code that, when executed by the processor, causes the

—t

server to create and maintain queues for repackaging incoming data from the first
mobile station at the first packetization interval into data at the second packetization
interval for transmission to the second mobile station and for repackaging incoming
data from the second mobile station at the second packetization interval into data at the

first packetization interval for transmission to the first mobile station.

9. The server of claim 8, wherein the memory also stores code that, when executed by the
processor, causes the server to determine an available latency margin for the first leg

based on latency characteristics for the first leg.
10. The server of claim 8 or claim 9, wherein the server comprises a real-time gateway.

11. A computer-readable medium comprising instructions executable on a processor of a
computing device for causing the computing device to implement the steps of the method

of any one of claims 1 to 5 or the steps of the method of any one of claims 6 to 7.



