Rl MD46- 03PC ADAPTI VE VO CE PACKETI ZATI ON BACKGROUND
[0001] In recent years, the | EEE 802.11 standard for
waeoeliesss Local Area Networks (W.ANs) has emnerP@rCasooa000327
revai ling technology for "last mle" broadband
RHVI?}\“S‘&%QS access networks. VWhile the principal
application of these networks has been in providing
connectivity to devices running best effort data
appl i cations, such as email gnd web browsing, interest
IS grow ng in supporting isochronous services such as
t el ephony service or stream ng video. Voice over
I nt ernet Pr ot oc ADANBIME VOIEE TNAIRYY is
currently one of the fastest grow ng Internet
applications. [0002] In VolP, the voice signal is
sanpled at a fixed rate. A "packet" is assenbled from
the data, including multiple headers, a payl oad and

one or nore trailers. TRadk@REOUNR@ANd trailers
include: (i) information about the packet origin and
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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.



poor quality of the phone call due to increased
packeti zation | atency. Rl M046- 03PC [ 0004] | n many
weamesg13edhe devi ces used for Vol P calls are poPCHOA2007/000327
d devices that are powered by batteries. Short
RHA@%@%E? zation intervals result in faster depletion of
the stored energy in a battery-powered nobile
communi cati ons devi ce, because the percentage of tine
that the device is involved i2n transm tting/receiving
of voice packets is higher for the sane anpbunt of data
[000dpe thh mAfy exes, r’[ﬁ@dexhébs%@@ f&h%I!P dafl§ léﬁtﬁaoriaBI&%dheld devices that
packeti zat’ on intervals are also desirable in
are pooveraskby batteties.r Shew ppdwazatmag@rmlmresldn gefagter depletlon of the stored
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increased, i.e. a longer packetization interval may be
used, to naxinize efficiency for the transmtted call
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 | egs, wherein each | eg may use a
di fferent packetization interval. In addition to
measuring or estimating the |atency of the Vol P cal
to determ ne the packetization interval, overal
networ k performance neasures may al so be consi dered.
Packeti zation intervals nay be adjusted to maxim ze
the total nunmber of VolP calls that may be
accommodat ed by the network at one tinme, or to reduce
| oading at certain network access points that are
experiencing particularly heavy traffic. RIM46-03PC
BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0006] Enbodi nment s
are illustrated by way of exanple and not limtation
in the figures of the acconpanying draw ngs, in which
i ke reference nuneral s indicate correspondi ng,
anal ogous or simlar elenments, and in which: [0007]
Figure 1 is a schematic of an exenplary packet
structure; [0008] Figure 2 is a schematic of an
exenplary WLAN systemthat is conpatible with an




Adapti ve Voi ce Packetization (AVP) schene; [0009]
Figure 3 is a flowhart of an exenplary nethod for
WAMR7/1esepat i bl e with the WLAN syst em shown i nPEI/gae®7/000327
; [0010] Figure 4 is a schematic of an exenplary
RIMﬁﬂ'ﬁ’agg?ver, conpati ble with the nethod shown in Figure
3. [0011] It will be appreciated that for sinplicity
and clarity of illustration, elenments shown in the
figures have not necessarily3been drawn to scale. For
exanpl e, the dinmensions of sonme of the elements may be
exaggerated relative to other elenents for
clarity. RIM46-03PC DETAISUNMAISCRI PTI ON [0012] In the
foll owi ng detail ed description, numerous specific
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packetization intervals (resulting fromlonger
packets) also contribute to increased |atency, or
transm ssion delay, for the call. A maxi num | atency
target specified by International Tel ecommuni cation
Uni on Standardi zation Sector (I TUT) standard G| 14
is often used; this states that a maxi num one-way
(rmout h-to-ear) delay of 150ns provides satisfactory
gquality for tel ephony applications. To limt the
one-way | atency to




150nms, all internal network del ays nust be accounted
for and controlled: including, for exanple,
w@e@pagses on and queui ng del ay through the netmor/kA2007/000327
Rﬂﬂﬁﬁaﬁgééing del ay because of congestion, and access
] rialization delay. The packetization interval
al so contributes to latency, in that the m ni num
one-way delay for a 100ns packetization interval is
100ns. [0014] The latency fod a single conmunicated
call on a given network is highly variable and
specific to that particular call. It depends on

factors such BRIEWDESCRIPTION OFTMBDRAWINGS: at that
time, or the "location" of the originating device
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the aonpahyihpedtawingde\in cwhichClike eafergnce hmumerals, indicate correspondmg,
st andard packeti zatigon interval is typlcally used,
anaQ&W$é§§6HgFﬁ§nFBmt Id pgticher used. Table | lists the
typi cal packetization intervals used for conmmon
[0007p c o dBiguteybiss. sciitmatis of@osdemplany packey structure;
constant-bit-rate (CBR) devices. Mdst commercially
[0008) ai | Bighre WsANshddfic OBRCexenipldre WLAN systenpthaeisabmpatible with an
audi o frames at, a const rate; however, severa
Adalltt}f?r?é?lé? Bagkgtizafion (AjFa s ﬂl‘?ﬁ}q’ e stations support
different sets of vocoders at different voice codi
[000Pht esFigntt diisla ﬂwwangofpat reemplatyi wathod tfer AH B commtlblc with the
VVL&@DI%G shPtlon al l.ow a nore flexible
SEFHP f@g|zat|on intervals, for exanple
at muliiples of 10ns u SO nun1va|ue
10013} ca kgl 55 ¢ pebgmat O 2 BrSTERRY AUBAeBHGeTERE sy e method
shov&hﬁx mum packetization interval that may be used,
ect to end-to-end | atency constraints, may be
hI |f| "uJ t
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in the H‘%u@a"sllﬂlva nﬁﬂﬁécd@ﬁﬁiyﬁ&bh df'avdﬁtol scale. Mot bxkampiléyehe dinvemsions of some
For exanp at the tine of the call me of the
of ﬂ’&@&@@@%@ﬂh b% exaggyrated relativeier %Bfifl{ﬂer%%ﬂtsofg’r EI,QBB’r i enci ng
particularly heavy traffic. If the call requires
routing through one of these APs, increased |atency
may be expected. By dynamically maxim zing the
packeti zation interval as a function of the actua
end-to-end latency at the tinme of the actual call, the
transm ssion efficiency for each call nmay be
i ncreased, and the overall efficiency of the W.AN
network for supporting VolP traffic may be maxi m zed.
I n addition, using |onger packetization intervals my
result in reduced power consunption for
battery-powered nobile stations.
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[0016] Figure 1 is a schematic diagramof an exenplary
packet structure for a VOWLAN call. Each packet 100 is
w@eeowpnissesl of the foll owi ng conponent segnent SPCT/CA2007/000327

102 conprised of a Physical |ayer header (PHY
RIME‘E@@&?? a Medi um access control header (MAC header),
and 40-Bytes of headers at other layers (e.g. Internet
Protocol (I1P), User Datagram Protocol (UDP), and
Real - Ti me Transport Protocol 5(RTP)); (ii) a relatively
smal | payl oad of 10-30 Bytes worth of data 104; and
(iii) atrailer 106 conprised of cyclic redundancy

check (CRC) val ues pegdILEDIVSSCRIRTION ntegrity of the
recei ved packet. Rl M)46-03PC [0017] Figure 2 shows an
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comput er % havi ng con;{g)ut ation abili t%/ g
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consi ed a conpu ng sim
provmad@tlkfattbgs 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 connect 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



[0020] Figure 3 shows an exenplary nmethod for AVP that
is conpatible with | EEE 802.1 1 | egacy nobile
W@ e@viieonss and rray be supported by a network SBCTICAZ007/900327
n figure 2. In this nmethod, all
RIMﬁ%éjpgpgnterprl se voice traffic through the APs is
routed through the AVPRTG server 212 before passing on
to the destination APs, including traffic that passes
through a single AP, i.e., wlen both call parties are
in the coverage region of the same AP. Packet flow in

mobild) 8tatidhd @endtadi sulid ifRumekraana cbastindNateg Mdwesen! eVl €sinmercially
and is sent _directly towards the | ocal router 214.
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208 anc(BJ!ES 10| suchlthat two "| egs" cohstitute a
si ngl R call, tth ea | eg ha ng pne of 0he
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using, for exanple, the SR and RR (Sender Report and
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i
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supporting VoIP traffic may be maximized. In addition, using longer packetization intervals

may result in reduced power consumption for battery-powered mobile stations.

[0016] Figure 1 is a schematic diagram of an exemplary packet structure for a VoWLAN
call. Each packet 100 is comprised of the following component segments: (i) a header 102
comprised of a Physical layer header (PHY header), a Medium access control header (MAC
header), and 40-Bytes of headers at other layers (e.g. Internet Protocol (IP), User Datagram
Protocol (UDP), and Real-Time Transport Protocol (RTP)); (ii) a relatively small payload of
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.



t he maxi num packetization interval supported by M5
208, subject to maxi mum | atency constraints for that
wo e@71#432814 - 318, a second, separate packet i REL/CARN07/000327
j | for the second | eg of the comunication is
RIM%‘%‘Q#%?ned. At 320, AVP-RTG server 212 acts as a
transl ator by repackaging all incom ng data from one
|l eg into packets of the appropriate length for the
other leg before transnmitting themto AP 206, and vice
versa. This action is transparent to M5 208 and M5
[001710. Fawienl sAvRs RhGesaipiaty MIANT Satent 200, @apkbl® o€ Mipporting an
voi ce connection into two separate |egs allows for
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di fferent supported val ues for packetization intervals
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n, however, reasuring t

commahieion With bR Intbaki tbd/efl.a PablieSundusl TelphaieeNeywerk (PSTN)
t he connection may be neasured by an additional,
thfo%mvéaYd@\ﬁ ce that is in series with the connection,
or by the AVP-RTG server itself. Alternatively, the
[0018]at enBxamples tof devidennfonomebilerstitions| 208s &d Oorar IBwpkangs, cellular

elepfins: Seaffionts reBPl BERHcbabeRsTRHAL WiRBHER B orputes,

wireleSrctbdoRndipaterE vafeldsa Mptop Euihiputérs, witdleds@esktop ﬁersonal computers
I npl enenting an adaptive voi ce packetization schene
mnhbggk&as t he above-descri bed method nmay be stored on a

form of conputer readable nedia. Conputer readable
[0019fedi aThasdrvetesn belaay icorveatidnal owicel gataway, or Rekfbprabsy ¢hat fehtures the

non-re abl e pedi g,. npl e ted in any ,net hed or .
AVE[GBHRE] G55 By SERSF 2 SNGHOSR 1P GRFIDIGn * SAUHE ADeRRAllresembling o
compR&d DL € Habimb' suhp@atfon HEiligy, Shém6iyliaB8/or RoABEERAty capability). A

modul es or other data. Conputer readable nedia ) )
typicahsgrvetascording tp shedafinition asaised in the Presonh appbeation mayoinglude, but is

RA| read- onl nor.y.. , electricall a I
not IR JnfiD) SR (e ot oIS Ry gt SoiBucer, laptop
PDATRAREHE THRIN IOV aeGs ofiiRabodihdils ST pfdserit@Mentifh,thé 8drm “server”
versatile disks (DVD) or other optical storage,

is intended o eneempass redeviqeanntcypicallya sensidesesh atompytes |but having similar
rage or other nmagnetic storage devices, or any

capaE{lﬁg;. medi um whi ch can be used to store the desired

(002D | LBt BysHoHE i xoriag, meod 1o AP Mt N comipacile with IEEE
802.11 legacy mobile stations, and may be supported by a network such as is shown in figure
2. In this method, all intra-enterprise voice traffic through the APs is routed through the AVP-
RTG server 212 before passing on to the destination APs, including traffic that passes through
a single AP, i.e., when both call parties are in the coverage region of the same AP. Packet
flow in the outbound direction from the LAN remains unchanged and is sent directly towards
the local router 214. During connection setup and SDP (Session Description Protocol)
message exchange, the AVP-RTG server 212 negotiates the maximum possible voice
packetization intervals with both mobile stations subject to codec type and round-trip latency
constraints. For internal traffic, the packet loss rate is typically very low, so that the infrequent

loss of longer packets has minimal effect on call quality.



conputer network forns of access. [0024] Figure 4
shows an exenplary internal configuration for an
WOMBIRTG2server. As with any network server, ARPFRALD07/000327

server 212 conprises a processor 450, a network
RIMO#6-08P@ce card (NI C) 452 coupled to processor 450, and

a nenory 454 coupled to processor 450. The device

mai ntai ns a separate pair of queues for each VolP

session in the WLAN enterpri ge. The queues are created

and mai ntai ned by code (not shown) stored in nenory
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. . : . teaffig |
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leg qfffbe porpmmpipatien isdsieramer. AtdgPeh VFrR basemphot #rings a fanslator by
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h
and My,21G. sHawiag A ViR~ (}qurﬁergﬁgéqtrgﬁq GRS §;n<|'l-it(g-ﬁ1@4 ypice 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.
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[0023]e! ay Cothpatpagédufabldy instiuborsn fOYP ifplenedting hean adaptive  voice
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flashj mempprycuetheramemen tsehnolegys eompagtdisk BOMaH1-ROM), digital versatile

]G] 523 EIRAS: b AU, LA i s
or othérahagetic blerapepievices dr anyrotheamediusi whioly can bé nsgdeo ktekEthe desired
802.1 1 AP,

instrgQons 4 Which gRi B TOFCh RV E BTG on R iRty et or other
comilggwe&&m%ﬁ{éygf%cegsposl] For a Vol P packet, the

er overhead consists of the headers of RTP, UDP,

, & E of ¢ i = -
00 T A Sl B B,
with tafi @ hetwWoek seiverAR VRSRTG servidk 21D tdinprasek @fprodelser M0, a network interface
card Z&M?gW%eggﬁ?@bggré%QQS%ﬁa tg}I}B]I S%pﬂg}i( E%upgg t%r [():"rolcetssor 450. The
.3C : t V, i ACk t .
s Sl OPoyt W AEHF BRI i
The gaesnae) cre@pd and maintained by code (not shown) stored in memory 454, which is

executed by processor 450. In figure 4, it has been assumed that ¥ active VolIP 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.

[0025] 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



Simlarly, the overhead incurred at the MAC | ayer of
the M5 side is: OHMS =PHY +SI FS +ACK (Second) (3)
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Thr oughout our analysis, we assune that M
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since this can guarantee a m ni num access del ay for

voi ce packets because Mss can access the shared
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[002P] OpOoAhi AWRI alpérithhe facdssighingagetization 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.

[0028] Maximizing Network Capacity:

[0029] In formulating such an algorithm, one may, for example, seek 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 VoIP sessions that can be supported
simultaneously by a single IEEE 802.11 AP, AP;. The transmission times for a downlink (DL)
and an uplink (UL) packets are denoted Tp; and Ty, respectively.

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

OHypgr = Hprp + Hypp + Hip + Hyuc (Bits) 1



fraction needed to support ongoing n, sessions: NI/U
8 ) [0035] To maxim ze the nunber of Vol P sessions
w0 bav/1eaes be admtted by all the APs in the neP@DCK2007/000327

2 i mzation problemmy be witten as: M nmax ,
RIMPA}?Omre Ms the nunber of APs in the WAN

enterprise. [0036] Because this is a convex problem
it can be rewitten as a mnjm zation of the sum of
the loading of all the APs in the enterprise
{MaxNet workCap forrmulation): Mmn U whereU . ="
It is a3sumed thay wherPan A sends aDbj\edP packet,vheiMLS mowledg@tthcheptlon of

this fﬁckﬁﬁ qFI;te 1{%%%?&@3 6@11%& pﬂqgtvyl}ﬁb?houlcﬁqlfoﬁl%g)tknowl]edged by the AP.
The oﬁlrﬁ&ﬂ%&ﬁr%@alﬁlemtﬂaﬁr'omhe AP Bud:me ai e the pair

of packetization interval values corresponding to
voi@pralkidt-sSHSred €KePBegend)he two end Mss of the j (2)
call, MnPtineh i and MaxPtinmeh i are the | owerand
upper - bounds of the packetization interval val ues

slmlwgpﬂktoe@rhlayd fd&@rré@&'th@lvﬁ&@ldy@ﬂoﬂ%m gieg: Wi th the |
and used for the is the avail abl e

romﬂfdm’l‘l’ﬁﬂhﬁ@?&:tﬂd&@emmﬁr the j Vol P session. ADQ3)
is the Vol P packets adaptation delay incurred at
AVPRTG server for splitting/packing voice packets

where FUEY \i8 thedphyRivhhladyedkeadér dddeisjseMOdtA MbpSi ”Dlﬁoﬁ@oat our analysis, we
result of usmg asymmetric Ptineh i and Ptine,

assumg thas MS presta ssheduled dehineryangpbarisadpr Y olfhtraffic |SH\9F thiggan guarantee
a miglinlhmrq g{:&%¥s 8{1{13) PRV R: ' packets Béc%ﬂ‘s:eelglsméaxy QldesP@E SRArRd channel at pre-
ot ner an trhose mentl oned

|
scheduled time intervals without need for contentlon (this is the reason that DIFS and CWyn

time are omitted from equations 2 and 3 above.)

[0032] 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.

Tpr+ Ty = [2 * (Audio Payload + OHygy) /
TransmissionRate] + OHyp + OHys 4
where
Audio Payload =Ptime * CodecRate %)

[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 sent at the same rate. Next, it is
assumed that for the i AP, AP;, there are n; active VoIP sessions. These VolP 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:

Z(TDL, +Tyr, ;)% N (6)
=1



the latency margin constraint 13 (e.g. propagation
del ay, channel access delay, ...etc). The propagation
wa@ledoasoises a typi cal WLAN enterprise setup i s negl/Ccyedleon327
d with typical packetization interval periods

RIMQ‘%}Q@Q wired distribution system(e.g., Ethernet) is

used to transport traffic (including VolP streans)

between different AP s in the enterprise. [0037] In a

speci al case of this optim zBion problem one my

consi der the situation where all calls are between
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egin’1:
ﬁactfﬁnﬁ{e%é&tmﬁ omé\ﬁi%c_dgidnﬁez) LM 2); 2:Ptinme2 =
Ptimei; End OO Maxi m zing Vol P Capacity at APs
Experi enci ng F}\a,racuwm arly Heavy Traffic: [0039] ®

Al'ternatively, it is possible to maxim ze the Vol P

[003$ﬁpac ?r%ff:@xf Lo eﬁgm}nﬁ oggzﬁrﬁqshogséhz{{gﬁa%;é? ; 1%%%}5 &1 the APs in

the rRKIR! Be @f)tlﬁl%ﬂoﬁpro%lbhh ity be valtleaws: (M n- Max AP
Utilization 'MAIAI T fornu ation): mn{mx Y}, i = I

2, ..., Msubject to: RII\/D4§mO%PI&3 14 M nPtinme® <Ptined
i <MaxPtimj ; (15) M nPti meJdi=2 <Pti me”® <MaxPtinmeh 2

whergﬁl\%ls t(lF;tglJp)r}ExbgrPéfl KFS in th;- %‘&I 'ente nse.Pt ' me 2) +Dntwork

[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 Y. U,

i=1

n T, 4T . .
whereU; = X —Pl—éj——%]—
j=1 tzmej,l
subject to:
MinPtime;; < Ptime;; < MaxPtime; | (12)

Ptime;; + Ptime;; + AD(Ptime;; Ptime;3) + Dyerwork< LM,; (13)

where AD(Ptime; ;, Ptime; ;) =
(14)

max(Ptime; ,,Ptime, ,)
min( Ptime, ,,Ptime, ,)

J.1°

—‘ ]xmm(Ptzme Ptimej,z)



The m n-max optim zation above is global, i.e. is
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function. The solver works in a way sinilar to a
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Begin

1:Ptime; = min(min(Max_Ptime;, Max_Ptime,), LM/2);
2:Ptime, = Ptime;;

End

[0038] Maximizing VolP Capacity at APs Experiencing Particularly Heavy Traffic:

[0039] Alternatively, it is possible to maximize the VoIP capacity of the AP that has the
maximum VolP 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 U}, i=1,2,...M

subject to:



algorithnms) values for Ptinei and Ptinme2, and are
updated during the progress of the algorithmas better
wo e@siii3es sol utions are found. [0044] After theCT/CA2007/000327
hid i zati on phase, the algorithm proceeds (lines 9,
RIM%ébggtd 11) by checking if initialization values for
Ptinei and Ptim 2 are the sane. If so, a near-optinal
solution is found and the algorithmterm nates since
the use of the symmetric ini 4al values of Ptimei and
Ptinme satisfies the |atency constraint in 17. If
initial Ptime values are different, the algorithm(in

line 12) checks. i,f. APL is nor V|Iy | oaded t han AP
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The hithinhax! optinhia®don &Bov@@@Elob&lei .Blis@ppldd d¥e allaictiv@eflls in the WLAN
(line 13 the algorithmtries to find the | argest
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[0043L i o .Rassetﬂ Wr%ﬁo 15§ peablegh, 1o mse( Pf rggedy-based  heuristic
algoﬁ@ﬁr%thT\%Q) such! B Nﬁfbﬁ% Ui rfstic' MaxNHRbPKCAPY for Heuristic-1 and

Alnitialize Pti both Mss with the maxi num
“Hepuisti¢ Mia-Mak Mlhdueﬂom’homﬂauhm-ﬁ nhayt enesgd rferr ggan-optimal solution

vocoder s 1: AP1 = I D of AP that M1
Ofb‘?%gg%@}@%ﬂé‘?é‘awgta“%i%&/lp = ID of AP that |v52 i s
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[004ph x pt B Yeunstic) ﬂﬂ?‘i“é‘ﬂ‘spﬁl?ﬂ%& a mah(mmwmx isehpifpg ;rather than
globally fthin{IBihg fthd B84 fifctiBh.t TRk gréddfBased 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 Ptime; 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



6: Optimal _ Ptlrre 2 =1Initial _Ptime 2; 7: Best solution

found so far = infinity; 8 Begin 9: if
w@ kovnomk8 Ptinmei = = Initial _Ptinme 2) { 10: UpP&r/€A2007/000327
RIMb'&éSbBFé“OnS of end APs; 11: Exit; // Near optimal

Ptinmes are found. 12: } else if ( Uilizations?!) >

Utilizations(AP 2) ) { 13 for (Ptinmei = Initial

Ptimei; Ptinei > Initial @2; PtUHel - -) 14:

{RII\/D46 03PC 16 15: Ptine 2 Initial Ptinme 2; 16:

while (PtU lel& Ptinme2 do not satisfy LM constraint)
connggtionpt e mitialpealyps Are thylinitial eptinral (suboptimal in the context of heuristic

B N R R
as betfet fdagidle dnrfoasak foaidr; 20: } 21:} else if (
Utilizations(AP 2) > U U ZaUOrIs(APLl) ) { 22: for

[004@){>t I ”Rﬁ@r ﬂlel Hhﬁél%u&{ 'pHEsez thlePElgUﬁlﬁltnlf gl‘&‘g%dsﬁg m@& '9“91'0 and 11) by
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Ptimb dnd) Piéife, sRgds@hdREncs ebnstda qu ’Ptlf {Hfal PAsheBRARles AR different, the

utilizationsfound sofar; 29: } 30:} 31:End

algorithm (in line 12) checks if AP i is more heavily loaded than AP,. If this is the case, the
algorithm searches for the largest possible value of Ptime, that would guarantee the admission
of the new call while achieving the minimal loading of AP, (lines 13 through 20). This is done
by starting with Ptime, = Initial Ptime; and iteratively decrementing Ptime; until it reaches
Initial Ptime,. In each iteration of the for loop (line 13), the algorithm tries to find the largest
possible value of Ptime; that (given the current value of Ptime; of the loop iteration) satisfies
the latency constraint and would produce 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 Ptime; 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):

Init

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

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

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

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

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

: Optimal_Ptime; = Initial Ptime;;

: Optimal_Ptime; = Initial Ptime;

: Best solution found so far = infinity;

: Begin

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: {

VOV EWN =



[ 0045] The "Heuristic MaxNetwor kCap" algorithmis a
variant version of the "Heuristic Mn-Mx AP
waoRioziieses on” al gorithm The "Heuristic MaxNet mOr/K&2197/000327

RIM@h@-@ﬁ' ghm depl oys a I ocal optimnzation technique that
searches for a suboptimal pair of Ptinmei and Ptinme2 of
a newy requested VolP call to mnimze the sumof the
one normof the |oading of all APs. The algorithm
initialization part is i denti{®al to the one in the
"Heuristic Mn-Max AP Utilization" algorithm After

15: t he Ptimie; FdhitiahtPtimephase, the al gorithm proceeds

16: (| i mdsleqPtite; &atind,oi mot Batiypfyr EM3Jonbtyainf)ecki ng i f

17: i ni ti al panAle) oPtivied, UdinPhet i Nei and Ptinme2 are the

18: Samff(Mix(ﬂmizﬁidﬂ@fm%))@heﬁ@bmﬁb@tbdna sbgand and the
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21*@*&%% izafonst %g'r@"h%ﬁ %@%’é “checks if Initial
22: pfqr,(Bfimea = Inigal P z:ul%ﬁnengwfl RS L) 5" he

23: caée,_ the al gorithm searches for the | argest possible
24: ya| RPeineof IpitiahPtimgnd Pti me2 that woul d guarantee the
25: adnivduledRtinke; &Rfimexdooit batisfy LM comisirgint)ng t he mi ni nal
26: sum of PRRmeard®tile? —MinPtimei;i ons (lines 13 through 20).
27: Thi i (IMax{Uniéizations(A®, Y0P} « Best sshutioh faindbifae  and
28: sett UpdabesBdlufioh Of Plimbs fhd be3PAP TiBiFationk foumlige firk hm
29; iteratively decrements Ptinme2 until it reaches Initial
30.}Pt| mei. In each iteration of the for loop (line 14),
31:EtnFie al gorithm searches for the | argest possible val ue
"o Ptinme2 that (given the value of Ptinei) satisfies
the latency constraint and woul d produce a better
[004SP! ut The “Heuristic MaxieétworkTapl ARyotiintl iARZatlant| veFsiér ofithe)“Heuristic
. [0046] On the other hand, if Initial Ptine2 is |ess
Min{Man AP Dtilizggtiopt jajgorithm, d'hg) ‘GlsuristigMaxNegvaskCag"algerithm deploys a

i al P ; SRR e SoC '
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newlyasquested WalPwall 0 mittimiz the barh ofudiel che poam afithedoddieg of all APs. The

agm ssi.on gf the. new call i1 e.achigying.t nimal -
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3) by abezking iffinitalization valdesvfoc e sambAtme carathe. same. I&BD, a-near-optimal

solutlic% Psf fo'tofrl?d tar'?c?‘ {hehé?glor{tﬁm%gr?rﬁﬁétgst Sgcewmte I?Ise of the symmetric initial values of

Ptime,; and Ptime, satisfies the latency constraint in 13. If initial Ptime 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 Ptime; 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 Ptime,) satisfies the latency constraint and would produce a

better solution (i.c., 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



2: AP2 = ID of AP that M52 is associated with. 3:
Initial Ptimei = mn(LM2, MaxPtinei); 4 :
wo piovited328time 2 = mn(LM 2, MaxPtine 2); 5: OpeT/Gak007/000327
= InMal PtUTlIel; 6: Optimal _Ptinme 2 =
RIMB%#@? Ptinme2', 7: Best solution found so far =
infinity; 8: Begln 9: if (Initial _Ptinmei = =
Initial Ptime 2) { 10: Update Uilizations of end APs;
11: Exit; // Near optimal Ptlhes are found. 12: } else
if (Initia®Ptinme ! < Initial_Ptinme 2) { 13: Ptime i =
possibid valaé oPiPrine; that Wéulds Q.Ia.rz(n%d ﬁi@%dmdsfdnt ofathe Hewrgall 3vhile achieving
Ptime 2 > lnitial Ptinmei; 5. { 16: if

the nipimatspmef AR ad APy atllléqtswnﬁ\w@@%ﬂrraﬁlm 3007 if

Maxﬂ@@@ ?Utl l'izati on(AP 1, AP2) < Best solution found
8: Update opti rml sol ution of Ptines and

In toptl mal i e. rri ni mm) AP utilizati ons 19 f ound

far; j} se if (Initial >
/*Initiglice &’me Ae bot iszmtﬁt theemgximumy .norsal’lepmlm baseq pn available
laterfcmm{rgmwand woﬁp arsropptnafity., Ptimei > Initial _Ptime
: AP; = Bp of AP 1that MP,; psscigpgt with. (Ptine! & Ptime 2 satisfy
: ARJVF tdof APathatt MS? B:assdciatédlwitlnf _Uti |i zati on(AP 1, AP2) <
: Inf8fad tPtingd; st mi(LMIA I MaxRiinig);) 27: Updat e opti nal
: Inftidl Fitin®e) <O MIBSMaxinei);i mal (i .e. mnimum AP
O]B‘t‘iﬁl—ﬁl' Piink P2 nid S Pﬁﬁh@[‘d sofar;
: Optimal_Ptime, = Initial Ptime;;
Best solution found so far = infinity;
: Begin
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; - -)

OO U B WN -

1s: {

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: found so far;

20: }

21: } else if (Initial Ptime,; > Initial Ptime,) {
22: Ptime, = Initial Ptime;;
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] Although the subject matter
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communi cating a Voice over Internet Protocol (VolP)
Claimgil | in a network, the method conprising: calculating
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particular VolP call or a leg thereof, based on
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am’runl .cating packets of the call at the
method $PTPHRE] zed i nterval . 2. The method of claim 1,
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4. The method of claim 3, wherein the considerations include maximizing the total number of
VolIP calls that may be supported by the network at that time and/or reducing the loading at

one or more Access Points in the network.

5. A method for communicating a Voice over Internet Protocol (VoIP) call in a network, the
method comprising:
establishing the VolP call in two or more call legs;
calculating an individualized packetization interval for each leg based on network
latency characteristics of the VoIP call; and
communicating packets of the call on each leg at its individualized packetization

interval.

6. The method of claim 5, wherein calculating the individualized packetization interval for
each leg includes at least:
calculating different individualized packetization intervals for different legs of the call,
and/or

measuring or estimating the network latency characteristics.



| at ency characteristics of the VolP call; and
comruni cati ng packets of the call on each leg at its
wo padi7atddeml i zed packetization interval. 6. TheP@®ECham7/000327
rRiM6-63pt- M 5, wherein cal cul ating the individualized
packetization interval for each leg includes at |east:
calculating different individualized packetization
intervals for different |egs of the call, and/or
measuring or estimating the Wet wor k | at ency
characteristics. RIM46-03PC 19 7. The nmethod of claim
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basathatipg a rotrel-wipdhtentyeef tho ¥otP conngctian ency of t he
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round-trip |atency of the Vol P connection. 11. The
capndetidn.of claim9 or claim 10, wherein the received

data packet is resized further based on consi derations
related to overall performance of the network. 12. The
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inclurcrigél m zing the total nunber

measuring or estimating the round-trip latency of the VoIP connection.

11. The method of claim 9 or claim 10, wherein the received data packet is resized further

based on considerations related to overall performance of the network.

12. The method of claim 11, wherein the considerations include maximizing the total number
of VoIP connections that may be supported by the network at that time and/or reducing the

loading at one or more Access Points in the network.

13. A network server comprising:
a processor;
a network interface card coupled to the processor; and
a memory coupled to the processor, the memory storing code that, when executed by
the processor, is able to establish a first leg of a Voice over Internet Protocol (VoIP) call

with a first participant of the call and to establish a second leg of the call with a second



of Vol P connections that may be supported by the
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network server conprising: a processor; a network
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coupl ed to the processor, the nenory storing code

that, when executed by the processor, is able to
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15. 9RESWRYork server of claim 13 or claim 14, wherein the network server is a real-time

gateway.



