1 APPARATUS, AND ASSOCI ATED METHOD, FOR FACI LI TATI NG RADI O SUB- SYSTEM
SELECTION I N A PACKET RADI O COMMUNI CATI ON SYSTEM [ 0001] The present
invention relates generally to a manner by which to select, or reselect, a
base transceiver station, or other radi o sub-system through which to
communi cat e packet data, such as data conmunicated in a GSM GPRS/ EDGE
communi cation system More particularly, the present invention relates to
apparatus, and an associ ated net hod, by ich to select a radio sub-system
based upon a conbi nation of signal strength or quality and avail able
capacity. [0002] More optinmal selection of the radio sub-systemis provided
as the criteria used to nake the selection is based better to optim ze

sel ecti on when ARRARAKPS cANDYASSOCIATER tMETHHDBe FOR FAGILITABINGi  tted in
bursts, is communi RXRID SUBSYSTEM SEEECHION INCA IFACKET RATII(RS t hat

conventionally utilized to seLeNMONICAIARSKYR TR 0 sub-system pursuant
to circuit-swi tched, voice conmunications, or other non-bursty

comuni cations is not relied upon; rather, selection is based upon the
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reusable wit oharacter, i.e., transmitted in bursts, 1s communicated. Sub-optimal selection

criteria, such as that conventionally utilized to select, or reselect a radio sub-system

pursuant to circuit-switched, voice communications, or other non-bursty communications

is not relied upon; rather, selection is based upon the unique characteristics and

requirements of bursty communications, such as the need for allocation of multiple,

. contiguous timeslot allocations.

Backeround of the Invention

(0003} Use of mobile radio communication systems is pervasive in modern

. society. The network infrastructures of cellular communication systems, for instance,
have been deployed over significant portions of the populated areas of the world, readily
accessible through which to communicate. Cellular communication systems generally
make efficient use of bandwidth allocated thereto for communications as relatively low
power signals are generated to effectuate communications between mobile stations and
the network infrastructure of such systems. The network infrastructure of a cellular
communication system includes a plurality of spaced-apart base stations, each defining a

cell. By transmitting only low-power signals, the same channels are reusable within




relatively short distances. And, channels are reused according to a
so-called, cell re-use schene. [0004] As a nobile station noves, or is

ot herwi se repositioned, within an area enconpassed by a cellul ar

comuni cation system there is sonetines a need to hand-off comruni cations
bet ween different base transceiver stations or other radi o sub-systens
entities to permt continued communi cation of a nobile station. In a
hand- of f of conmuni cations between cells, i.e., the radio sub-systens that
define such cells, a decision nmust be ndde both as to which radio
sub-systemto hand off conmunications and when to hand-off the

communi cations. [0005] A GSM (d obal System for Mobile comunications) is
an exenpl ar yrelati@tty gho diSoived NALER LhRels MlrBibed Accoiallh 56 Sl 8 [Baldie Eelf RSusk N
general conformty with a GSM operating specification that sets forth,
amongst ot he¥b¢Mé-ngs, operating protocols and requirenents required of
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data communi cations regu i bt characteristics r wth the
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And, in a systemthat utilizes tine slots, such as GSM nultiple,

conti guous tF¥M¥ operating specifieasion thatsess fosthcrmaongst athpnthingse apcsatingrefasdds in a
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| evel s of sioggmiaBy, based upon circuit-switched technologies and provided circuit-switched

connections between communication endpoints. However, GPRS (General Packet Radio
System) and, more recently, EDGE (Enhanced Data for GSM Evolution) capabilities
have been added to provide high-speed, variable-rate data communication services that
make use of packet-switched technologies. EDGE is, in essence, a superset of GPRS and
provides the capability of packet-based user data interchange by way of the network
infrastructure of a GSM network and a radio air interface defined therein. EDGE and
GPRS data communications regularly exhibit characteristics that differ with the
characteristics of voice communications, conventionally communicated by way of a
GSM network using circuit-switched connections and technologies. One significant
- characteristic, in general, of data communications is their bursty nature. That is to say,
data is typically communicated in bursts. And, in a system that utilizes time slots, such
as GSM, multiple, contiguous time slots are sometimes nceded to communicate the data
in a burst.
[0006] In existing GSM operation, hand-off is generally determined based upon
determination of RSSI (Received Signal Strength Indication) levels of signals |




3 communi cated by a base transceiver station or other radi o sub-system

el enrent of the network infrastructure of the GSM system Determning to
where, and when, to hand-off comuni cations based upon RSSI | evels works
wel | when voice information is comunicated in a GSM system Agile
handover nechani sns are presently available to nobve voice conmuni cations
using circuit-sw tched technol ogi es anongst -radi o channels when signal

qual ity degrades, or bit error probability increases, beyond sel ected
threshol ds. However, such existing hand-3ff mechani snms are sub-optinal when
sel ecting hand-off of data communications. That is to say, corresponding,
agi l e hand-of f nmechanisns are not part of the GPRS/ EDGE specifications.
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[0007] A manner better to optimize radio sub-system selection for data
communications, taking into account the characteristics regularly exhibited by, or
required of, data that is to be communicated would therefore be advantageous.
[0008] It is in light of this background information related to radio sub-system
. selection in a radio communication system that the significant improvements of the

present invention have evolved.




Det ai | ed Description [0012] The present invention, accordingly,

advant ageousl y provi des apparatus, and an associ ated nmethod, by which to
sel ect, or reselect, a base transceiver station, or other radio
sub-system through which to communi cate packet data, such as that

comuni cated in a GSM GPRS/ EDGE conmuni cati on system [0013] Through
operation of an enbodi ment of the present invention, a manner is provided
by which to select a radi o sub-system based upon a conbi nati on of si gha
strength or quality and avail abl e capaci fy. [0014] In one aspect of the
present invention, nore optinmal selection of the radio sub-systemis
provi ded as selection is based upon criteria to optim ze better the radio

sub- system sel ection. The selegf DeRripfibh 6f i Drasides criteria specific to
data communi cation characteristics. Nanely, the criteria takes into
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anal yzer is positionéd be provi th indicia of I 0 _conmmuni cati on
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comuni cat i tq formed, for instance,
by conbi ni ngﬂ%’ﬁé&trlgégaetﬁ@g%&%e éﬁ%onv-l;ﬂt‘?%n%f‘r%kéiéduﬁn{d eéh&%r" basis or on a type
basis, or a conbination thereof. [0016] In anot her aspect of the present

i nventi on, the radi o conmuni cati on system capacity conprises core network
capacity netrics. That is to say, the radio communication system i ncludes

a core network and the indicia idgkdifed IFRéBn i WOr kK conmmuni cati on
capacity, or an indication relevant thereto. !0017] I n anot her aspect of
the present inved®413hThe pesqnsinventioonsegaiidingly, edvantageeusinirendilesiapparaiipr i se
backhaul Ca%ﬁ ﬁ}{ssﬁaﬁtreh ﬁﬁthogh@ quis,h {o selseg‘ty or }epeqecrt 33%93 transceiver station, or

other radio sub-system, through which to communicate packet data, such as that

communicated in a GSM/GPRS/EDGE communication system.

[0013] Through operation of an embodiment of the present invention, a manner is
provided by which to select a radio sub-system based upon a combination of signal
strength or quality and available capacity.

[0014] In one aspect of the present invention, more optimal selection of the radio
sub-system is provided as selection is based upon criteria to optimize better the radio sub-
system selection. The selection criteria includes criteria specific to data communication
characteristics. Namely, the criteria takes into account the typical, bursty nature of data
communications in which data is regularly transmitted in bursts that require multiple,
contiguous timeslot allocations. Selection criteria used pursuant to cell selection and
reselection pursuant to circuit-switched, voice communications are replaced with
selection criteria that optimizes better the selection of radio sub-system based on criteria

of importance to data communications.




comuni cation systemincludes a backhaul network, and the backhaul capacity
netrics are indicative of the backhaul network capacity or indications
representative thereof. [0018] In another aspect of the present invention,
the radi o communi cation systemcapacity indicia conprise radio system
capacity nmetrics. That is to say, the radio conmunication system i ncl udes
a radi o access network part, and the radio system capacity netrics
conprise indications of radio access network capacities or indications
representative thereof. [0019] Analysis performed by the network capacity
anal yzer conbines, in a selected manner, the indications provided thereto
and forns a value representative of available capacity in a target radio
sub-syst em or sut[omsqt[@aiﬁ)them%g@u@md F&eniMaveAfion S nefHAR tApASIE, dndtylerds

sel ected | evel of preécision. C qbynln? performed by the anal’yzer _includes,
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avai | abl e caysemecppaghy gemprisesegie network capaty meiies. dihatldls oy rtbe radifssage sent
on a control,channel. . -1 : to ntion,
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threshold and a m nimum capacity threshold value is sent. [0022] I.n another

aspect of t [fempraication sysiearingledes athaekhanlyetveork: anditsnbackdeauleppacity mefdesect or
adapted to gl a6{aR %P i1t kHIRERAIG L LGN it] BEmikQiond Repr&ARbER miBSS age

i ncl udes

[0018] In another aspect of the present invention, the radio communication
system capacity indicia comprise radio system capacity metrics. That is to say, the radio
communication system includes a radio access network part, and the radio system
capacity metrics comprise indications of radio access network capacities or indications
representative thereof.

[0019] Analysis performed by the network capacity analyzer combines, in a
selected manner, the indications provided thereto and forms a value representative of
available capacity in a target radio sub-system or sub-systems. The quantized value is
quantized into a selected level of precision. Combining performed by the analyzer
includes, for instance, forming a product value of one or more of the received indications
or representations thereof. The quantized value is formed, e.g., of a four-bit value
between 0 and 1.

[0020] The network capacity analyzer is embodied at the radio access network,
for example, at a base station controller, or distributed amongst more than one functional

..entity of the radio access network, or elsewhere. When network-positioned, once the

available capacity value is determined, the value is provided to a mobile station by way




the avail abl e capacity val ue comuni cated as part of, e.g., a control
nmessage sent on a control channel by a radio access network. The detected
value, or an indication thereof, 1is provided to a radio sub-system

sel ector. The selector performs radi o sub-system selection of a radio
sub-system of the radi o comunication systemw th which the nobile station
shal | communi cate pursuant to a conmmuni cati on service. Because the
avai l abl e capacity value is created and based upon, criteria of inportance
to data communications, resultant radi oésub-system sel ection, based upon
the avail able capacity value, is made better to optimze selection for
data communi cations. [0023] In these and other aspects, therefore,

apparat us, - agth Ao RHAERE FlnftE WBhetwdel. PRONaflafle [MhcilyARklL dni, b fadi O
sub-system sel ection 1n a radi o conmuni cati on syste having a plurality of
radi o sub- syparbefs coprelapeasdge yent nulacantidnhamotll ect or is adapted to receive
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radi o communj.cat j,on Sk . .shown _gener al,| X rovides for radio
conmuni cat i of aiWl ﬁh%ﬁ?(f{éqnﬁugf@ocﬁ %l%‘%ﬂr\?\ﬂp{ ‘%E}Jeji%)%eélgnobi |l e station 12 is
exenplary. | n thg0e22gmphrdthér hdpptteifeiy grtdearinvdnkion, tixomubilki staion dicheles b em

i ncl udes pon%%ons that, are operable in general conform wth .t

t
operating prestsstospdarigddo detedeganied mgspage sent erﬁ‘rﬁﬂ-sB‘&‘ioPF@éP?sé?gf %@E@éi at ed
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Packet Radi o Service/Enlianced Data for M Evol'uation). Wile the
fol | owi ng desoirolphamg! bhatadio agesss netvorie XEepletectzd yplue,ar ap indisfatiom thereof,
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types of radieRci@ionanadiabitosysesdfaiSradfvaionpiiondatien fystenthaitia whiinthiwholilel on
services. The fol]lowi ng description of the exenplary enbodi nent h%l
therefore, H{atigayhall communicate pursuant to a communication service. Because the available
capacity value is created and based upon, criteria of importance to data communications,
resultant radio sub-system selection, based upon the available capacity value, is made
better to optimize selection for data communications.
[0023] In these and other aspects, therefore, apparatus, and an associated method,
is provided for facilitating radio sub-system selection in a radio communication system
having a plurality of radio sub-systems. A capacity indication collector is adapted to
receive indications of radio communication system capacities. The collector is
configured to collect the indications received thereat. An aggregate capacity determiner
is adapted to receive values of the indications collected by the capacity indication
collector. The aggregate capacity determiner is configured to determine an aggregate
capacity value responsive to the indications collected by the capacity indication collector.
The aggregate capacity value is used pursuant to the radio sub-system selection.

[0024] Referring first, therefore, to Figure 1, a radio communication system,

shown generally at 10, provides for radio communications with mobile stations, of which




of exanple only. And, with appropriate alterations, the functional entities
shown to form parts of the communication systemin Figure 1 are
representative of corresponding entities in other types of data radio
comuni cation systens. [0025] The nobile station 12 is permtting of
novenent such that at successive tinmes, the nobile station is positioned
at successive locations throughout an area enconpassed by the

comuni cati on system The novenent of the nobile station is permtted,
bot h between tinmes during which the nobife station is used to effectuate a
data conmmunication service as well as, also, novenent during the
effectuation by the nobile station of a data comuni cation service. [0026]

The networ K {hBtdoBd SsetidnUngs Bfent iy BthO e LRRbheRadorSiem i ncl udes a
radi o access network 14 that 1ncludes a plurality of radio sub-system

portions 16.copHBuni¢atidn systanbinglidespariians thad are berable in genstal denferntiysdth the
transcei ver | ) j e I.C . 1tting of
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successi ve ofwienghtafipg thexinunenigatiop systems morCgenetally clisremeseniatigoiifagy af e
performed t 1 unj j . or nt i d..c ni i . as the
Tobi 1o st at i GRos vRr SRS G AR R i 0 tipiaS AEUHI AR AR (IS, e
and depart s sehdces.oVhe fal] ewmipeiasadiptiam obthel exeaghl oy smbediyshes) thefafoleabylohf
communi cati o in a nost-qptjml mapner, the handoff st..be to the correct
radi o sub- ﬁ@mlaﬁﬁ?faéﬂanwg%mm%%tewaﬁ%#% naleptiticsisownyiodpr at

whi ch handofdarts 8f {0 8smmBRRARRY y@b&l1Y FEhfLICY ApRlenth@®R2flcotBiBor el 0 access
network is here further shown fo include a control entity, ‘identified as a

base st at i orengitieRipothertyp¢sBgdptazadio hemmopicationeystemsrongst ot her things, to
cont ol 0" 1 Ol EhEyRBREARRAS i L S i uP Bt
' times, the mobile station is positioned at successive locations throughout an area
encompassed by the communication system. The movement of the mobile station is
~ permitted, both between times during which the mobile station is used to effectuate a data
communication service as well as, also, movement during the effectuation by the mobile
station of a data communication service.

[0026] The network infrastructure of the radio communication system includes a
radio access network 14 that includes a plurality of radio sub-system portions 16. The
radio sub-system portion 16 each include a base transceiver station (BTS) 18, or like-type
device that is permitting of transceiving communication signals by way of a radio air
interface, here represented by the arrows 22, with a mobile station 12 when the devices
12 and 18 are in communication range of one another. As the mobile station moves, the
mobile station is positioned in coverage areas, or cells, defined by successive ones of the
base transceiver stations. That is to say, the mobile station is positionable in
communication connectivity with successive ones of the radio sub-systems.

Communication handoffs are performed to permit communication, or continued

communication, as the mobile station enters into the coverage area of anew radio sub-




[ 0028] The radi o access network is coupled in conventional manner with a
core network 32 that provides comruni cation connectivity with a

comuni cati on endpoint, here represented by a comuni cation endpoint (CE)
34 with which data comunications are effectuated with the nobile station
12 pursuant to performance of a data comuni cation service. [0029] And, the
radi o communi cation system al so i ncludes a backhaul network 36. The
backhaul network is of general, conventional construction that provides

hi gh- bandwi dt h, inter-network connecti ofs to support conmunication
traffic, both voice traffic and data traffic, comunicated during
operation of the communicati on system [0030] As noted above,
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48 of an enbodi ment of the present invention.” In e exenpl ary

i npl errent at i controltaperatippef the base 48nsceigersiions efth groun dfiradia seb-systenisdhat are
controller, 3 lg&?{)ﬁheggn%)hol entity of the radio access network. In other

i npl enent at i one e appar Htus is positioned el sewhere, or portions

t hereof are di st [0028] Fte audtngséss déthvbay i€ ddupdal intcb@entidnal maneo witnicost | on
system The it 9 _elenents of the apparatus, are functionally represented,
~ i npl enent ablMEMgk 3 {hagprovidgyiconyappeation copmegiitygvitly HrorppEcatienr snqpomnt,
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networ k capacity anal yzér includi apacity 1ndication collector 52 and
an aggr egat erceffratiateyd vdth the miobidy stSion 17 ipersomitite perfirmance of edtfagur ed to
receive input _indications, here represented to be provided by way of the
lines 56, 58 " and 6 OL LS i he 56 s representative of indications of core
net wor K [0029] And, the radio communication system also includes a backhaul network

36. The backhaul network is of general, conventional construction that provides high-
bandwidth, inter-network connections to support communication traffic, both voice
traffic and data traffic, communicated during operation of the communication system,
[0030] As noted above, communications with the mobile station 12 are handed
off between radio sub-systems so that the mobile station is able to communicate when _
positioned in different coverage areas defined by different ones of the radio sub-systems.
Conventional handoff selection schemes, however, are conventionally configured to
optimize circuit-switched, voice communications, not data communications. Data
communications exhibit, typically, characteristics dissimilar with those of circuit-
switched, voice communications including, e.g., the typically bursty nature of data
communications. Accordingly, the network infrastructure includes apparatus 48 of an
embodiment of the present invention. In the exemplary implementation, the apparatus 43
is embodied at the base station controller, or other control entity of the radio access
network. In other implementations, the apparatus is positioned elsewhere, or portions

thereof are distributed amongst different entities of the communication system. The




communi cation capacity, values of which are representative of communi cation
capacity in the core network. The line 58 is representative of indications
of backhaul network conmunication capacity, values of which are
representative of conmunication capacity in the backhaul network. And, the
line 62 is representative of indications of radio network conmunication
capacity, values of which are representative of conmunication capacity in
various parts of the radio access network including the radi o sub-systens
thereof. Collected val ues collected by tHRe collector 52 are provided to the
aggregate capacity determ ner 54. The values provided to the determ ner
are, for exanple, averaged, or aggregated, to provide a tenporal, rather

- than i nstant geeeMs of thd dhgarisAfe Rhction @MY HP SO InRARERMIEMmI B d6gred ThAL 1S
to say, when the val ues are averaged, 'or snoot hed over tinme, the detector

oper at es to pemicorindludied: feniestange. iy algodthansoaetitabde binprocasking eivaitaged or
t hed i1 ndicati i t er.m | -
sroot e ot o 36 NS £ 05 ShEARcr LORRRE Bl

anal yzer f urinlieatiomnmlledass2ehe ar aggedate @patigfletchainecBntienoNatarés of m ni mum
signal threshol d | Svel s .and m._nj.num capacity threshold .l evels

respect i vel yCorfigured i TepeiyfnRyt dndigations, B srricserig@ o begunvidad v B ni mum

perm ssi bl e piegng! 585 hf @9 the 110ESSreprichtafiid Of in@tARAVL dokyndtB&R) , or ot her
signal threshold level indicia. And, the mninum capacity threshold

defines a vatomungueation papacityh yaltes of whiahi arerepreapidivepf temmpnicasfonchracity pe
determ ned b a j L term ner..54. ation, a
guanti zed val}élﬁlté&%fr g]g%‘é’&%ggﬁ%glg‘?%ﬂg5%35%%%?3{“6%@3?%?%88; %&%%gpn(fg‘?%;(m ner 56
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subsystem 16 ih a nner to permt its detection by .a nobile station when
posi ti oned Wﬂierhaﬁg%"lgﬂ%‘ﬁi’f r 494, the line é%‘fsir?%‘éﬁeﬁﬂ?t“( l?ﬁﬁart@n%?fﬂé‘é)gt em The

val ue for ”Bmei\%rkicﬂl%hﬁﬁﬁ%ion%aﬁ&i T Pitfes BE tvhitR aiSehiBlcnBAle S&Jominiiitka06€ and is
broadcast on a control channel that 1s nonitored by the nobile station. In

t he exenpl aroppicityliemastous pirtsrof thearhdie gceshs ndteworkiinghudingrihs raghasubsgystemapaci t y
nneshol o kg .aly g SRR ARRFPSELE TR PSRRI © e
subsyst ems expaditytdewithiherSntThe aplaed proeided foltke datridser Bfepfdersiiply t he
different r %grier%ged, or aggregated, to provide a temporal, rather than instantaneous, indication of

communication characteristics. That is to say, when the values are averaged, or

smoothed over time, the detector operates to perform such averaging and smoothing and

the averaged or smoothed indications are provided to the determiner.

[0032] In the exemplary implementation, the apparatus forming the network
capacity analyzer further includes elements 66 and 68 that contain values of minimum
signal threshold levels and minimum capacity threshold levels, respectively. Thé
minimum signal threshold level identifies the minimum permissible signal strength
(RSSI), bit error probability (BEP), or other signal threshold level indicia. And, the
minimum capacity threshold defines a value corresponding to a minimum capacity level
of the type determined by the aggregate capacity determiner 54.

f0033] In operation, a quantized value of the aggregate capacity determined by
the determiner 56 is caused to be broadcast by a base transceiver station 18 of a radio

subsystem 16 in a manner to permit its detection by a mobile station when positioned

.Within the coverage area defined by the radio subsystem. The value forms, for instance, a




subsystens differ. [0034] The nobile station 12 includes conventi onal
transceiver circuitry, here represented by a receive part 74 and a
transmt part 76. The nobile station further includes a reselector 78 that
is coupled to the receive part to receive indications of the aggregate
capacity val ues, and other information, broadcast thereto and used pursuant
to reselection of the radi o subsystemw th which the nobile station
comuni cates. And, responsive to reselection made, if any, nade by the
resel ector, the nobile station is causeld to request, or otherwise to
initiate or effectuate handoff to a new radi o subsystem [0035] In the
exenpl ary inplenentation, the aggregate capacity determ ned by the

det er mi ner Sfbut-Bit {AEBEw RrPimAGME bndk blda8c£0bd £6n861 dHBhd] Ghat R Or mat i on,
that is to say, the inforpmati on provided on the lines 56, 58, and 62. The
det er mi ner niiPRifgsed asthe ygbilesiatione fa the ¢xemplpmtimplementetion. yalyerfibe | and t he
product . f or ng; t I | I t.at Lhon, the
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val ues of zedubsy@rehsdifier. IN this inplenmentation, the determner further

i ncludes a quanti zer for quantizing the product val ue. [0_036! And, in the

exenpl ary i nmpl endP34 Thamopiestationddugledes cenvyspidanabisansodivas cpmitry,dgfccat i on of
t he val ue of i m-neg : gL as well as
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selection threshold, then the radio subsystemis eli gl ble, that is to say,
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havi ng the hi I I : j r
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the determiner 54 is formed of a product of the collected metric information, that is to

say, the information provided on the lines 56, 58, and 62. The determiner multiplies
values provided thereto to form a product, and the product forms the aggregate capacity
value. In one implementation, the values are weighted by weighting factors to provide
relative, greater or lesser, significance to certain of the values provided on the separate
lines. The values determined by the capacity determiner are quantized to a selected level
of precision, e.g., to form a four-bit value between the values of zero and one. In this
implementation, the determiner further includes a quantizer for quantizing the product
value.

[0036] And, in the exemplary implementation, the reselector is provided with an |
indication of the value of the aggregate capacity determined by the determiner as well as
the minimum threshold values also broadcast thereto. And, a sorting and optimization
procedure is carried out by the reselector. If the minimum signal threshold, e.g., the RSSI
of a radio subsystem appears in a list of strongest cells and the measured value of a signal

sent by the radio subsystem, as measured at the mobile station, exceeds the minimum




In other words, both the signal strength and the aggregate capacity nust be
better than the mnimumthreshold |levels. [0037] Reselection is carried
out according to the follow ng procedure in the exenplary inplenentation:
Sort ¢(0 ... N by RSSI Vi, M= R .C IF(R >TestAC, > CVm Select cell c(i)
havi ng max(m ELSE Select cell c(i) having max(R) END F Were: «¢(0 ...

N) = Adjacent cells in strongest cell list, to be sorted by RSSI R

=Recei ved signal strength indication (RSSI) of cell i C, = Available
capacity metric of cell i received fromkthe network C,,,,,, = Mninmm
capacity threshold of cell i received fromthe network TRss, = M ni num
signal strength threshold of cell i received fromthe network m= Cell

sel ecti on megdldeorrthpdshéld Gherdihe Sddi s ichHiR ghidibRNGatY &) dagHeCohanaci ty [0038]
Figure 2 illustrates a nessage sequence di agram shown generally at 82,

r epr esent at | $A8digate dareapacitypagndee selestiont Thgwdroasentosll kaxingdbe gheseiaadtys hown
in Figure 1 jcRUMESE 199 ; ogli t

i nvention. ngre, ég%?%%@ﬁg%ﬁﬁr%ﬁénﬂﬁlgﬁg?(ﬁgﬁ%i@ uénQ}Esg |oS§§°§§§§ net wor k,
t he core netfugheronknid thelaggtogatk bapatity is beyond ihe rhindihaatcahcity thrdskold @giment s 84,

86, d 88, ' th I 48 and h I j,ght.ed and
B oo PSR 2 P AR 5T Bl SR Bl o
as i ndi cat edmbymfiiehrbdholikc®s. t he aggregate capacity val ue i s determ ned.

12 Determ nation of the aggregate capacity value is nade, for, instance, by
form ng a productlV03f Reprdeclign iscarrise optrecordimg e thedpllonsng proseduremdbs Then,

and as i ndi C&Eﬁghayin{ﬂi&neiﬁgﬁﬁﬁt 102, the aggregate capacity value is

Sort ¢(0 ... N} by RSSI
Vi,m=RC,
IF (Rf 2 Tpsy ANC; 2 CMIN)

Select cell ¢fi) having max(m)
ELSE
Select cell ¢(i) having max(R)
ENDIF
Where:
¢(0 ... N) = Adjacent celis in strongest cell list, to be sorted by RSS!
R, =Received signal strength indication (RSSI) of cell

C; = Available capacity metric of cell / received from the network

C\ v =Minimum capacity threshold of cell 7 received from the network

Teq =Minimum signal strength threshold of cell i received from the network
m = Cell selection metric = product of signal strength and available capacity

[0038] Figure 2 illustrates a message sequence diagram, shown generally at 82,
representative of exemplary operation of the communication system 10 shown in Figure 1
pursuant to operation of an embodiment of the present invention. Here, metric
information relating to the radio access network, the core network, and the backhaul
network, indicated by the segments 84, 86, and 88, are provided to the analyzer 48 and
such values, weighted and averaged, if desired, are collecied, indicated by the block 92.
Then, and as indicated by the block 96, the aggregate capacity value is determined.




broadcast for detection by the nobile station. The segnent 102 is al so
representative of additional information, such as values of a m ninum
signal threshold and of a mninum capacity threshold to the nobile
station. The nobile station perforns reselection procedures, indicated at
the bl ock 104, that are based on the aggregate capacity val ues broadcast
thereto. Responsive to the reselection procedures, selectably, the nobile
station initiates reselection of the radi o subsystem Initiation by the
mobil e station of the reselection is intfcated by the segnent 108. [0040]
Figure 3 illustrates a nethod fl ow diagram shown generally at 118,
representative of the nethod of operation of an enbodi nent of the present
i nvention. ThetciRinb@sh d@BRd AdgtRh@SapRAY CalSRNRIE 5T BRLKE! byPRrhAgd 6#@&%&:9
comuni cation_system having a plurality of radio subsystens. FO 41 ]
First, and agfﬁhﬁaﬁféﬁit@dhwgwﬁ]@alml%% 122, indications of radio

communi cat i on sy SKRSCARACkLE TRhRIBORCHAth: 18850 1Tl Rt DY

the bl ock 124, a gregate capacity’valu eter sive to the
i ndi cati ons bivadcabtforddiention by tie Inesbile etatidih T legggragat &2 Gapactirgsemativweofi s used

pursuant to the.radi o subpbsystem selectian. [0042] Then  and.as.i.ndi cated
by the bl ockaéfg%’,nggmgwg‘ai B é@&esi aF‘BP%{ﬁ“ %Eﬁ&’h theghoId R Of § NS 1 he
aggregat e cagpatitythiahdl o the thobidSstatidei TaE BRLIY sthith Rk dfctiblie radio

subsystemis selected r esgonsi ve to the aggr egate capacity val ue contai ned
in the contPBfedysssindisated pdheblock K4, thatarebased natheaggisgatobipatitt lugs| ect t he
radi o subsysg.gm ATTaTNe Qﬂgg pasiiad {.ons .a data
comuni cati on secrag\}?%e |'sﬁe (ragw egggrﬁ}ge?e opk’lfz)ﬁéaqug)ésgésfegegg I %&%éoglel?m tted, in
contrast to sta@lopguitiates psdedivnwéthe rattis sulpsestent. olnitpitionby the\nibile station of the
communi cations., [.0043] . The, previ ous descriptions are of preferred exanples
for inpl gmn?f%%‘h%ég 'Lihﬁ?}‘éqﬁ)f@ﬁ?egg}?ﬂt f@e_ scope of the invention shoul d not
necessarily be | i[0d408@Fifite 8 NivstratlOsBEME 1OR diakhen, SEAREsErallhar Prgesent
invention is defined b¥ the follow ng clains. 13 CLAI%/S 1. Apparatus for
facilitati ngepaeityepl by sicthed 96 ppssationrel an embedioent of Srarnrescatnyation.

The method facilitates radio subsystem selection in a radio communication system having

a plurality of radio subsystems.

[0041] First, and as indicated by the block 122, indications of radid
communication system capacitics are collected. Then, and as indicated by the block 124,
an aggregate capacity value is determined responsive to the indications that have been
collected. The aggregate capacity value is used pursuant to the radio subsystem
selection.

[0042] Then, and as indicated by the block 126, a control message is formed and
sent that includes the aggregate capacity value. And, as indicated by the block 128, the
radio subsystem is selected responsive to the aggregate capacity value contained in the
control message. Thereby, an improved manner by which to select the radio subsystem
to which to handoff communications pursuant to a data communication service is
provided. More optimal selection is permitted, in contrast to selection procedures
designed to optimize voice communications.

[0043] The previous descriptions are of preferred examples for implementing the
invention, and the scope of the invention should not necessarily be limited by this

description. The scope of the present invention is defined by the following claims.




system having a plurality of radio sub-systens, said apparatus conprising:
a capacity indication collector adapted to receive indications of radio
comuni cati on system capacities, said capacities including: a core network
conmuni cati ons capacity; a backhaul network communi cations capacity; and a
radio network communications capacity, said capacity indication collector
configured to collect the capacity indications received thereat and to
forward the indications to an aggregate capacity determ ner; and an
aggregate capacity determ ner adapted;jo receive fromthe capacity
indication collector, values indicative of: a core network comruni cation
capaci ty;ClaAlM8khaul network conmuni cation capacity; and a radi o network
comuni cation capacity; wherein said aggregate capacity determner is
configured to determ ne an aggregate capacity value, said aggregate
capaci ty 1val ue\ppeiafid férdTeci RtaeeiiGlioQlb SRS kdlyction G £ Aldiconenh@s®iived by the
aggregate capacity determ ner, the aggregate capacity val ue bei ng broadcast
to be usdédstey hayingppluradity plradigsul-sysianse s#1d apnagNsEospBbs®gst em 2. The

apparat us of - gl.al ] indfEGRL el BPad:All % RABVLNIRALLAD SR em compri ses. a

core network th capabl e of providing conmunication connectivity with a
conmmuni c@&bmonneEatiposystem @paciifes, aphapatites infludihgiaroote ndeerki n t he radio

conmuni cation _system conpri.ses a ackhaul network that is capable of
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a radio access network that includes a plurality of radio sub-systens that
provi de ridiapaciydndicationntereined thereatomil tefasyadithyigdications o anggeregaisar at us of

claiml, wher h&eﬁfﬁh% gapacity indication collector collects indications
of a plurali tg of different radio conmunication system capacities and

wherei n the agggsgatecapagiycicteyminal adaptd tercaéine ffoinythes samhcdyindeghere capacity
det er m ner rihses cal CL[I| at from a conbi.nat ibgc of, t he
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network communication capacity; and a radio network communication capacity; wherein
said aggregate capacity determiner is configured to determine an aggregate capacity value,
said aggregate capacity value being the product of capacity indications received by the
aggregate capacity determiner, the aggregate capacity value being broadcast to be used by

a mobile station to select a radio sub-system.

2. The apparatus of claim 1, wherein the radio communication system comprises a
core network that is capable of providing communication connectivity with a

communication endpoint.

3. The apparatus of claim 1 wherein the radio communication system comprises a
backhaul network that is capable of providing inter-network connections within said

communications system.

4, The apparatus of claim 1, wherein the radio communication system comprises a
radio access network that includes a plurality of radio sub-systems that provide radio

communications to mobile stations.




6. The apparatus of claim5, wherein the conbination of the plurality of
the different radio conmunication system capacities conprises a product of
at |east some of the plurality of the different radi o comruni cati on system
capacities and a quantized value of said product. 7. The apparatus of
claim5, wherein the conbination of the plurality of the different radio
conmuni cati on system capacities conprises a product of weighted values of a
plurality of the different radi o communi cation system capacities. 8. The
apparatus of claim1, further conprisifpg a quantizer adapted to receive the
aggregate capacity value determ ned by said aggregate capacity determ ner,
sai d quarfti zerThe gppadtgriethimd, ghemin sael dmpeitrgyiiegiat eolamacollegtsval ue. 9. The

t f_.clali urt .1 Si tral t
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nessage ghagfopdoate capRitl valus BétetningEmedaal fofegaRRbpRIty TRESHIE olmplisdsnc! udes a
acity value. 10. _The apparatus of

val ue indicative of the aggregate ca? ] |

claim o, calcnlatef froppaie %argﬂ?ﬂﬁif thetlyality OE the i fEesers radie commupigaiione st ati on
and wher e flehRE,£ARL T Ol message generated by said nmessage generator is
broadcast "to the nobile station. 11. The apparatus of claim 10, wherein
said nobile station conprises a radio sub- system sel ector adapted to

[ b i.d . ,
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i ncl udes radio GG HNGREEm Shigh Bondplideea ploduct Ufiat lagpadmad ofthef cl aim 12,
further c risi contrQl nessage, generator adapted tqQ receive a
r epr esentPi{] 0851%@%&%&dé@a%me%%t@mtsw%|cegacgﬁaaq%qwﬂ?%mﬁ§.°§na|
strengt h gylgdsqueai d control message generator configured to generate a
control nmessage that includes a value indicative of the aggregate capacity
val ue and a value indicative of the m ninum signal strength.

7. The apparatus of claim 5, wherein the combination of the plurality of the different
radio communication system capacitiés comprises a product of weighted values of a

plurality of the different radio communication system capacities.

8. The apparatus of claim 1, further comprising a quantizer adapted to receive the
aggregate capacity value determined by said aggregate capacity determiner, said quantizer

configured to quantize the aggregate capacity-value.

0. The apparatus of claim 1, further comprising a control message generator adapted
to receive a representation of the aggregate capacity value, said message generator
configured to generate a control message that includes a value indicative of the aggregate
capacity value.

10.  The apparatus of claim 9, wherein the radio communication system comprises a
mobile station and wherein the control message generated by said message generator is

broadcast {o the mobile station.

11, The apparatus of claim 10, wherein said mobile station comprises a radio sub-
system selector adapted to receive the control message generated by satd message

generator.




14. The apparatus of claim 13, wherein the radi o communication system
conprises a nobile station, wherein the control nessage generated by said
nmessage generator is broadcast to the nobile station. 15. The apparatus of
claim 14, wherein the nobile station conprises a radio sub- system sel ector
adapted to receive the control nmessage, whereby a radi o sub-system
selection is nmade according to a signal strength indicia. 16. Apparatus for
facilitating radi o sub-system selection by a nobile station of a radio
comuni cati on system having a plurality of radio sub-system said apparatus
conprising: a control nessage detector adapted to detect reception at the
nmobil e station of a control nessage, the control nessage including an

aggr egat ejc aPalﬁﬂeta}f}gaYﬁhygf élaf]ﬁ’l&l '\ﬁlerefﬂatﬂé ?@%&E@H%&i&fcoﬁlg&{)ﬁn&gﬁg&n' cation
system capacities that includé a plurali®ty "of. core  network comuni cations
capaci t y; mipgnikhaighaliseengtlh kalsommuni cat i ons capacity; and radio network
communi cations capacity; and a radi o sub-system sel ector adapted to receive
t he aggregate capacity value of the control nessage detected by said

control niBssagiedpp@atost clami1d, ArMeOconiRismy S lcBirsl hedsde bene A Magte@d to
performthe radio sub-s%sten1selection responsive to the aggregate capacity

val ue. { 't%ecf’li’??.rﬁ’r?%’thar op ¢ighe feRErgalercapacy velkiarerl Hamisimesigradl ection in a
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met hod conprising the steps of: ectin I ons 0O
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connunicqﬁéBﬁ%n&%gggéf¥&mq%ckhaul net wor kK comruni cati ons capacity; and
radio network coO FeatIons capacity; determ ning an aggregate capacity

value fromthe product of the core network comrunications capacity, the
backhaul etmg&k communi catiqns capacity, and the radio network
ion

comuni ¢ & apaEatys of olas 14gwhesa ke ddigsommpnicationsystenepmpsises 2 o sel ect
a radi o psbie SHELEWhelksh thya&ltlffﬁ hfé@ﬁg@ Eeﬁé&eﬁé&@ﬂs&id‘ Mésfs&%f g GURE iSing the

operation of formng a contro
broadcast to the mobile station.

15. The apparatus of claim 14, wherein the mobile station comprises a radio sub-
system selector adapted to receive the control message, whereby a radio sub-system

selection is made according to a signal strength indicia.

16.  Apparatus for facilitating radio sub-system selection by a mobile station of a radio
communication system having a plurality of radio sub-system, said apparatus comprising:

a control message detector adapted to detect reception at the mobile station of a
control message, the control message including an aggregate capacity value that is
representative of radio communication system capacities that include a plurality of: core
network communications capacity; backhaul network communications capacity; and radio
network communications capacity; and

aradio sub-system selector adapted to receive the aggregate capacity value of the
control message detected by said control message detector, said radio sub-system selector

configured to perform the radio sub-system selection responsive to the aggregate capacity

value,




nmessage that includes the aggregate capacity value. 19. The nethod of claim
18 wherein the radi o communi cati on system conprises a nobile station and
wherein said nethod further conprises the operations of: sending the

control nessage to the nobile station; and selecting the radi o sub-system
at the nobile station responsive to the aggregate capacity val ue contai ned
in the control nessage. 20. The nethod of claim 17 wherein the radio

comuni cati on system conprises a core network, a backhaul network, and a
radi o access network, and wherein thejaggregate capacity value determ ned
during said operation of determ ning conprises a conbination of core

net wor k dépac iAt ethodifor ifajlithiargkhdio lsubretstonr selatpami £ padiornginmuajcatmd r adi o

access network .capacity indicia. 21. The nmethod of .clajm 20 @Qerein t he
200r egat ST ERYTE R PR RPN Y BB IOn oL IS TP aGPeent at i ve of
the core net wglkecEAPREichiiors 8 k4diPconthulifiiol SekdhattpafiBity@htinclGdRAaci ty
I ndicia, and of the radio access network capacity indicia. . |

plurality of: core network communications capacity; backhaul network communications

capacity; and radio network communications capacity;

determining an aggregate capacity value from the product of the core network
communications capacity, the backhaul network communications capacity, and the radio
network communications capacity, the aggregate capacity value being used to select a

radio sub-system.

18.  The method of claim 17 further comprising the operation of forming a control

message that includes the aggregate capacity value.

19.  The method of claim 18 wherein the radio communication system comprises a
mobile station and wherein said method further comprises the operations of:

sending the control message to the mobile station; and

selecting the radio sub-system at the mobile station responsive to the aggregate

capacity value contained in the control message.

20.  The method of claim 17 wherein the radio communication system comprises a core
network, a backhaul network, and a radio access network, and wherein the aggregate
capacity value determined during said operation of determining comprises a combination
of core network capacity indicia, backhaul network capacity indicia, and radio access

network capacity indicia.

21.  The method of claim 20 wherein the aggregate capacity value comprises a product
of values representative of the core network capacity indicia; of the backhaul netwqu

capacity indicia, and of the radio access network capacity indicia.




