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 nmethod, by which to select a radi o sub-system
based upon a conbination of signal strendgth 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
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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.

Background 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 nust be ma@e both as to which radio
sub-systemto hand off conmunications and when to hand-off the

comuni cations. [0005] A GSM (d obal Systemfor Mbbile conmmunications) is
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based upon
originally, 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 needed 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



determ nation of RSSI (Received Signal Strength Indication) |evels of
signals 3 communicated by a base transceiver station or other radio
sub-system el enent of the network infrastructure of the GSM system
Determ ning to where, and when, to hand-off conmunications based upon RSSI
| evel s works well when voice information is communicated in a GSM system
Agi | e handover nechani sns are presently available to nove voice

comuni cations using circuit-sw tched technol ogi es anbngst radi o channel s
when signal quality degrades, or bit erroi probability increases, beyond
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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.



invention relative to use of a conventional reselection nechanism Detail ed
Description [0012] The present invention, accordingly, advantageously

provi des apparatus, and an associ ated nmethod, by which to select, or

resel ect, a base transceiver station, or other radio sub-system through
whi ch to communi cate packet data, such as that conmunicated 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

sel ect a radi o sub-system based upon a codbi nati on of signal strength or
quality and avail abl e capacity. [0014] In one aspect of the present

i nvention, nore optiml selection of the radio sub-systemis provided as
sel ection is based upon Cr'Ferhﬁefﬁeﬁ:l‘gh%?ﬂﬂﬁﬁhﬁhn @e radi o sub- system
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comuni cati on SyStem capact ties oFie fﬁ%l% RRS 8@?18rned, for instance,
by conbining the received indicia either on a tenporal basis or on a type
basis, or a conbination thereof. [0016] I n another aspect of the present
i nvention, the radi o comruni cation system capacity conprises core network

capacity metrics. That is to say, YNfilddbQcripQpFuUni cation system includes

a core network and the indicia identity core network conmunication
capacity, or an i8ilZathopreseat myenitont dnspwhingly, advantageously provides apparatus,

and an associated method, by which to select, or reselect, a base 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.



[0017] In another aspect of the present invention, the radi o communication
systemindicia conprise backhaul capacity netrics. That is to say, the
radio conmunication systemincludes a backhaul network, and the backhau
capacity metrics are indicative of the backhaul network capacity or

i ndi cations representative thereof. [0018] In another aspect of the present
i nvention, the radi o comruni cation system capacity indicia conprise radio
system capacity netrics. That is to say, the radio conmunication system

i ncludes a radio access network part, and3the radio system capacity
metrics conprise indications of radio access network capacities or

i ndications representative thereof. [0019] Analysis perfornmed by the

net vor K Sapact 1Y Al e FORBLNESr thllBsont FhE! G TRUART caphdlf gt | ons

provi ded thereto orms a val ue representative of avali acity in
a target radiposisoteddy bt emvatedstith- 1s§hstaelfsadld’ bemouaichticnexysteml capaditses aqdl,ant i zed

into a selected |evel of precision. mbi ni ng.performed by . na
et udes: 1 ooy StesBliof 2 Yis GR P AMIRTEE SHIE sirvrbre TSk
recei ved i ndiggdrionnsd, for instefieeSeadnitihiap shd ded eaf inditheideant 4 2egoradbakss d1S

formed, e.g., of a four-bit value between 0 and 1. [0020] The network
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m ni mum are indicative of the backhaul network capacity or indications representative thereof.

[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



signal threshold and a m nimum capacity threshold value is sent. [0022] In
anot her aspect of the present invention, the nobile station includes a
detector adapted to detect a control nessage sent thereto. The control
nmessage i ncludes the avail able capacity val ue comruni cated as part of,
e.g., a control nmessage sent on a control channel by a radio access
networ k. The detected value, or an indication thereof, 1is provided to a
radi o sub-system sel ector. The sel ector perforns radi o sub-system

sel ection of a radio sub-systemof the radi o conmuni cation systemw th
which the nobile station shall comunicate pursuant to a conmmunication
servi ce. Because the available capacity value is created and based upon,
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fol | owi ng desdedtiphiobn rahakib-system of the radio communication system with which the mobile
station shall 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,
1s 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



descri be exenplary operation of the conmunication systemw th respect to
its exenplary inplenentation, the conmunication system nore generally, is
representative of any of various types of radi o comrunication systens that
provi de for data communication services. The follow ng description of the
exenpl ary enbodi nent is, therefore, by way of exanple only. And, with
appropriate alterations, the functional entities shown to form parts of

t he conmuni cation systemin Figure 1 are representative of corresponding
entities in other types of data radi o comiuni cati on systens. [0025] The
nobile station 12 is permtting of novenent such that at successive tines,
the nobile station is positioned at successive |ocations throughout an area
enconpassed by, b6) CQMBHYCREL QRIS S 1E Me ok SherfdiiochNgenobi I & station
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connectivity with successive gnes of . the radi o sub-systens, nmuni cati on
handof 15 ar & ChEITEIHENT: AoV I EoRGHHAI AL T, (b poghmey Ffigs Showr 1 6
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handoff time, tha a tine at
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 a new radio sub-



appropriately effectuated. [0027] The radi o access network is here further
shown to include a control entity, identified as a base station controller
(BSC) 26 that operates, anbngst other things, to control operation of the
base transceiver stations of a group of radio sub-systens that are coupled
to the controller. [0028] The radio access network is coupled in
conventional manner with a core network 32 that provides comrunication
connectivity with a comuni cati on endpoint, here represented by a

conmmuni cati on endpoint (CE) 34 with which&ata comunications are
effectuated with the nobile station 12 pursuant to performance of a data
communi cation service. [0029] And, the radi o communication system al so
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As not ed abov ,&ﬁ%%%%ﬁﬁggbggH%B%fﬁﬁﬁf%ggﬂ%%f%égg?%ﬂiWﬁg%l g?ﬁxﬁéﬁ ed off
bet ween r adi epmuprsyisteésused.t hat the nobile station is able to comunicate

when positioned | | fferent coverage areas_ defined by djfferent ones of
the radio sub-sysbgﬁgj%L%ﬁﬁ§HﬁF?%HSV%ﬁ%HHB¥9ﬁ%Pé@?WBHgg@ FraSOntF\RB Y |

are conventi qnalilivd &U¥ds@uatsh dRtroRRLIBRICE @6 @tldi 6pdrhies WhicaBRGiheY RIS, to
comruni cati ons, not data comruni cations. Data <conmuni cafions exhi bl t,

typi cal |y, cheiredopepisen efshelbass iranicgivenitativns 9bs graup of radiuisub-sysigins s dre

vVoi ce conmunj i | ing, e.g., the typically bursty nature of data
connunicati0H§3ﬁ§§%g$%§%gﬁggzthe network infrastructure includes apparatus
48 of an enbodi nEEEPThd adioprese netwony Brivuplad in contreicaxlampinar with a core

i mpl ementation, th aratus 48 i.s enbodied at the base station, .
controlTer,  grugtng BRERD R sty Senenns Gy BE cdS T rBEAR RRPPHYot her
i mpl enent at | RAS reprOiRn@P BB RbHSUNT2DOS EAdpBNRE CE) TEWMIE i chQlataR@idrh@fidations
thereof are distributed anongst different entities of the communi cation
system The ¢ cficghpipd withfthe pabilgyation dpuareantoperpemare 9f # &t esent ed,

I mpl enent abl g, fufeMiAesivied

[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-swilched, 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 48
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



manner, including, for instance, by algorithns executable by processing
circuitry. [0031 ] The apparatus fornms a network capacity anal yzer
including a capacity indication collector 52 and an aggregate capacity
determ ner 54. The collector is configured to receive input indications,
here represented to be provided by way of the Ilines 56, 58, and 62. The
line 56 is representative of indications of core network conmunication
capacity, values of which are representative of comrunication capacity in
the core network. The line 58 is representati ve of indications of backhaul
networ k conmuni cati on capacity, values of which are representative of
communi cation capacity in the backhaul network. And, the line 62 is
represent at i \s@nfkhisl J7ehCabkh ' _ Eﬁﬂﬁ' i fty,

val ues of which are ré%?@;@ﬁ?;??@éﬁg?ﬁg%ﬂﬁﬁ%?@%%ﬁ@- cg%g%fﬁen?ﬁaegéious
parts of themadioingbdegsonensisck byrddardimgetchetablady provetsingstceiy. t her eof .

Col | ect ed val ues I 0 ctar 52 .are provide .
aggregat e capaciﬁghég?é€%¥%é¥&g§gﬁ%%é &gqﬂg?wﬁ 6@?5%31P%u&3%g§é&§F i ner
are, for exanmmlietion avibeagéd anden agoepgatapdsityt detdming d¢. @hd eslotoals, rat her
t han instantaneous, indication. of .communication characteristics. That is
to say, when PHEXE taé%ceafﬁén%@}iaﬁ@aﬁg?re TERHBRE A0 GBIOVIASHBY MO B ect or
operates to pged sy, 58 Stals2avaE agk 5gisaBskeSINRALRbLPFIRARonsIIoRURERGRA OF
snoot hed indications are provided to the determiner. [0032] In the

exenpl ary i npPERERICAIMFIPatityevalpiseaat athich Froropresgniatiec ofepmorinicaiap iy
anal yzer fur E]I‘h]% c{n@%le R. ?h@ﬂi‘?@%ﬁs@%r%ﬂta@ge %ﬁ%ﬁicﬁtﬂ{hﬁ%‘fBac\f(?lglﬂ%%tv%rkm ni-num
ol d a y resho evel's,

signal thres evel s and m ni num capaci
respecti vel ycorimenicatian qapailyi gaiads dflwheshhot deprewvshtivaddbirfiumscatibe caganityrum

erm ssi ble signal ,strength R . bit.error probapil,it BEP),. or ot her
et hr s RoT Al SRR AR ind L s ShRteatis S abaticeortir o
defines a vah&&oSOfohesROOdion GapRitd, Vil itk BV WhERARAEichiest@MBle of @bmbdRicki@e

determ ned by the aggregate caFaC|Ly determ ner 54. [0033] In operation, a
quanti zed vaFeciHf inpREOETRE §hthes radip gesesyneiwedyinelndiag Be rafinsubsY 89S ner 56

SubsySt om 16 TR E SaNRer YCan ey R Y URERARLSFS2 S Tho R & 4B AE *hen
posi tioned wipgtibhnddhminovér dhe vanegprdefichwdhbifetbingneragd, dorsaxosypdt em  The
val ue forms, a\]:e?argeéi,nosrtaggl%gate(% 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. The
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.

[0033] 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



10 four-bit value between zero and one and is broadcast on a control
channel that is nonitored by the nobile station. In the exenplary

i npl enentation, values of the mnimmsignal and capacity threshol ds
contained at the element 66 and 68 are also provided to the nobile station
by way of the control channel. As different radio subsystens exhibit
different capacities, the values broadcast by the different radio
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

capact Y Val isi.iaflicicBlenl iR, AR i ORAIRRSH BRI LR ANYSEd pursuant
to reselection of the radio subsystemwt ich the nobile station
communi cat es monitdred by dhpoakilastation. e del exemplary impdenernitdticanyglussadéicby t he
resel ector, : L: .on. | sed.t.0 est r..otherw se to

ot ate o SPFulPCueE RARHERR BrafRS Filifel SRt ralioothBBE Mt pe
exenpl ary i mpleakdttathieampbilehaitiag @y egatc tleapachlchatied. eARidiTReerdyadid he
determner 54 is for .of._a product, of the collected tri.c information,
that is to §%Rfyst?lﬁ%gﬁﬁtrlb¢aﬁf§fqn&ﬁapaw&%&w S Predrashas gl faantTain 62, The
det er m ner ng@kk@&hg&ﬂkyalues provi ded thereto to forma product, and the

product forns the aggregate.capagit ~value. In one inplenmentation, the

val ues are wei ght B3l Theingbild figficnalck ipelydeseoprantipeid trapssichver issuitgy, datcer or

| esser, signif.i.cane y I f . ] : rate

| Tnes, " The viTSEEEps £ e PRl Riand ATl B3 Y IO LG B8R 2% 0 &
sel ect ed | evelcludof a pseedtan ththates goypledtofthe recavé part tohieteivaindieatieiswédr t he

val ues of zero and one.. In . this  inplementation, the determ ner further

incl udes a qtfetd ee(fﬂpfcd'i'y Vc?ﬂﬁ’ﬁ’ﬁ"ﬁ‘i%@f‘ﬁ@”ﬁ?‘é’ﬂu@?@%ﬁl“ﬁ@?m[386%5] .pﬁhs_d‘fmtitﬂ t he
exenpl ary i npseBRhaY itadibRebdyeeel @&k GhichShdhenileiedion dothndicatdddiagat i on of
t he val ue of the ag%regate,capaC|%y determ ned by the determi ner as well as
t he ni ni mum RPUSHEIUISePEivs rBadseilrpaardgdty thhwepdedor, fganotdlesttionsy and

glpé :]21' z ?Fllr ggﬁ%@%{?ﬁg%{es, {)If](gﬁ%gis%qu iQHkte BY i AERBUERLPL ned radib SugTy QL gUM

[0035] In the exemplary implementation, the aggregate capacity determined by
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 RSSI1
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



of a radi o subsystem appears in a |list of strongest cells and the neasured
val ue of a signal sent by the radi o subsystem as neasured at the nobile
station, exceeds the mninum 11 selection threshold, then the radio
subsystemis eligible, that is to say, becones a candidate for

capaci ty-based cell selection. The strongest cell having the highest
capacity 1is selected. And, in the exenplary inplenentation, a radio
subsystemis selectable further only if the aggregate capacity is beyond
the m ni num capacity threshold value. In dther words, both the signal
strength and the aggregate capacity nust be better than the m ninum
threshold | evels. [0037] Reselection is carried out according to the

foll ow ng pr i : i on 4 N) by
Ras1 Vi e el SR Aol SERRIR Rl SR b e
ELSE Sel ect eaididatg {oy chpmeitndasedxeIRpeledEiDl Fhyweorgest celf Qaving thhighediapasétyt

cells in str cell, list, to,be.sorted RSSI. - = Recel,V si gnal
strength i nd?gg%ﬁ%%ﬁ' ?‘Iﬂgslln)tg%?xeénéﬂkflyilm%;emgnt,&@%rf’ |a§%41% S@ﬁﬁ%{gﬁ@seﬁgﬁ%}% of cell
i recei \d/e? f finthet biely n&theagdec gt Np?a%w i@ibﬁjﬂﬂdqﬁ@@fxiimmxﬁ&apﬁﬁ@alﬁ&s}ﬁﬂd Fﬁhé.fi ¥
receive romthe netwqr RSSI = nj mum si gnal strength thresho of ce
i received f?%%ﬁ'efh%mﬂ\éﬁwg}%e signal seepgth gpg é@@ggﬁg%ﬁm&g&wmtﬂd argthgn gl
strengt h andpavighhablansapaedy [0038] Figure 2 illustrates a nessage

sequence diagram shown generally at 82, representative of exenplary
operation of the EWAALRpsskctionisoygtedmularcetidvgtoitie ilgwing troceduresndiet t o

operation of e%}ﬁ@%{})m&eﬁgmt he present invention. Here, netric

Sort ¢(0 ... N) by RSSI
Vi,m=RC,
TF(R, 2 Toey A C; 2 Cop)
Select cell efi) having max(m)
ELSE
Select cell ¢(i) having max(R)
ENDIF
Where:
cf0 ... Nj = Adjacent cells in strongest cell list, to be sorted by RSSI
R. =Received signal strength indication (RSSI) of cell §

C, = Available capacity metric of cell i received from the network

C,uy =Minimum capacity threshold of cell 7 received from the network

Trssy = 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 !
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 collected, indicated by the block 92.

Then, and as indicated by the block 96, the aggregate capacity value is determined.



information relating to the radi o access network, the core network, and the
backhaul network, indicated by the segnents 84, 86, and 88, are provided
to the anal yzer 48 and such val ues, weighted and averaged, if desired, are
collected, indicated by the block 92. Then, and as indicated by the bl ock
96, the aggregate capacity value is determned. 12 Determ nation of the
aggregate capacity value is nade, for instance, by form ng a product of
the val ues of the individual metrics. [0039] Then, and as indicated by the
segnent 102, the aggregate capacity valuel®s broadcast for detection by
the nobile station. The segnment 102 is also representative of additional

i nformati on, such as values of a m ninum signal threshold and of a m ni num

capaci ty thr eshghghdienbbg leb Qe 35160 atud R4 §1sBhal it rfx?:‘gﬁ 2bfRluct
resel ection proceddfgs, fﬁg?@ tgglgk ?h%u%Foc 184,St at Aare a%eg on_ t he
aggr egat e capadietvplugablids indyvidaal easticst her et 0. Responsive to the resel ection

procedures, selec | bi |.e ation initiates reselection of the
radi o subsystem f{‘z‘?’ﬁ( gp %‘g%"%s ltnﬁleca}?%%?/}tlée Séegglf:?tolr?ao&'etaﬁ%regartcég@ag@f ‘l’a(%e s

i ndi cat ed by btdwelcsefrentectidSoy hoadb]le agot. €1k debmust VAt 8ls@raprishastiviclodw

di agram shown generally at 118, representative of the t hod. of . operation
of an embodi \ﬁﬁﬂﬁ%ﬁ? “_%afjﬂ‘é‘){aﬁ‘roés%lﬁb 4 Kyt ql grivinipgn ﬁ@pﬂc}wi&&n& Prd e aBinaERo
subsyst em selcggicit@trédhoRi tb AH BoGIRIMYNC At HObAY SaBHR PAYIrRY resRlcpidi al ity of
radi o subsystens. [0041 ] First, and as indicated by the block 122,

i ndi cati ons @®focedipp indiestadia ithedhlpdn! Oy Biakare bagsd ontthesggaesatecabcditytvelies Then,
and as indic ) I t I e | s

Gotermi ned r SaeBY kR, ARt A AUR IR RAE T e Bob e e
aggr egat e cap@agon ipitieedsuesclestions efithp usde aubsydtam t hetiatadiby theihepdd eation of the

sel ection. [0042§.Theqm.a%g as, i ndi cat by the block 126, a contro
message is fOPREHAS MGt Withe sqemant t he aggregate capacity val ue.

And, as indi cat ed[damo} higukl PEKsthA& a hBBod R BagihsHska Pehsralpehagied
responsive to thetﬁggnﬁgate capacity value contained in the ‘control
anve

message. TheF@HFen howedodahargratinn afish embpdimsat elcthe prisent anfieatigubsy st em
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 radio
communication system capacities are collected. Then, and as indicated by the block 124,
an aggregate capacity value is determined responsive to the indications that have been
coliected. 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
mvention, 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.



to which to handoff comruni cations pursuant to a data communi cation service
is provided. More optimal selection is permtted, in contrast to selection
procedures designed to optim ze voice comruni cations. [0043] The previous
descriptions are of preferred exanples for inplenenting the invention, and
t he scope of the invention should not necessarily be [imted by this
description. The scope of the present invention is defined by the follow ng
claims. 13 What is clainmed is: 1. Apparatus for facilitating radio
sub-system sel ection in a radio comunicéiion systemhaving a plurality of
radi o sub-systens, said apparatus conprising: a capacity indication
col l ector adapted to receive indications of radio conmunication system
capacities, g@hgjggﬁﬂﬁki%:indication col l ector configured to collect the

i ndi cations received thereat; and an aggregate capacity determ ner adapted
to recei ve val ues lof t Agpanatudifadbeibnsng adicabeystom skcdorcapasdiby i ndi cati on
col l ector, said aggregate, capacit determ ner configured to determ ne an
200r egat e capHemey oie sELBR s JHuE b IR S-S o S5 BTt ed by sai d
capacity indb@aﬁﬁgﬂgcollctor, t he aggregate capacity value used pursuant
to the radi o sub-system sel ection. 2. The apparatus of claim1l wherein the
radi o communi cati on sy3tc@HFity Higatigneoliscioppdapi tageaeivadadigiionephratine

i ndi cations : ' Lecat | ; : 18616+ RO j f.s core
netvior k capacr Ty s A G ERTIRIAE, SRR Rk PRS0l
conmuni cat i othesydit@mns casmyed deseal dpdckhaul network and wherein the

i ndi cations of the radio co ni cat.j o syste rise ingdications of
backhaul network capamarf %gr%wﬁ%ga%%p%}e&nﬁng ' %@pgﬁ%glg o W\%ﬁ’é‘ﬁl&? (ﬁ%tkj he radio
comuni cat i oindisibeddolleaBPby A8 capatgindicadeessldont waidaggndatheseitn t he

i ndi cations gf the radi,o c nnynication system conprj se indications of
radi o access ﬁgf{%?q@ogggggq? fcy letermine an aggregate capacity value responsive to the

indications collected by said capacity indication collctor, the aggregate capacity value

used pursuant to the radio sub-system selection.

2. The apparatus of claim 1 wherein the radio communication system
comprises a core network and wherein the indications of the radio communication system

comprise indications of core network capacity.

3. The apparatus of claim I wherein the radio communication system
comprises a backhaul network and wherein the indications of the radio communication

system comprise indications of backhaul network capacity.

4. The apparatus of claim | wherein the radio communication system
comprises a radio access network and wherein the indications of the radio communication

system comprise indications of radio access network capacity.

S. The apparatus of claim 1 wherein said capacity indication collector
collects indications of a plurality of different radio communication system capacities and

wherein the aggregate capacity value determined by said aggregate capacity determiner



5. The apparatus of claim1 wherein said capacity indication collector
collects indications of a plurality of different radi o comrunication system
capacities and wherein the aggregate capacity val ue determ ned by said
aggregate capacity determner 14 conprises a conbination of the plurality
of the different radi o conmuni cati on system capacities. 6. The apparatus
of claim5 wherein the conbination of the plurality of the different radio
comuni cati on system capacities conprises a product of at |east sone of

the plurality of the different radi o commication systemcapacities. 7.
The apparatus of claim5 wherein the conbination of the plurality of the
different radi o communi cation system capacities conprises a product of

wei ght ed val : t } JeIRAL fad i jon
System capact tBe g CRRBUERL b pRlal D8 AT g8 BnbRER Stk
quant i zer adagpaedies.o receive the aggregate capacity val ue determ ned by
sai d aggregate capacity determner, said quantizer configured to quantize
t he aggregate capacity-value. 9. The apparatus of claiml further
conprising a contsol nEEsagargendElchiarns wRdaptRdonbiffoaiol thedplurgfy@s et at i on
of the aggregﬂ%e capacity value, said nessage generator copfigured to
generate a cOHtFON rHESSABBIRIRAHON SYSPRFERACHIG SPHBIIPGIdi Faducl el Bicaptzgme of

aggr egat e CapaGIMliNVruR: diffrentRGioABRANREURoRbysEndtaPadiighier ei n the radio
comuni cation system conprises a nobile stati'on and wherein the control

nmessage generated by said nessage generator is broadcast to the nobile

station 11. The appar#sllaf oS YASLS UL SRl RRLY Bt AblORr te
conprises a radio  sub-Sy em sel ector ad%p?e Po T ECEN Ve "TREEONT o
nmessage geneddfesoht ylicaininnEssagaystgarepaitas cothbriset 2. prddet appaplatd salods

claiml1 further c risLn sel ect.ion threshold selectqr configured to
sel ect a m nPﬁ%W&%H%P%fhf%dif?%‘fr?ttrilfil%51’1‘811“8“\9%’?}’95.3’3"3“‘ 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.

9. 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 to 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 said message

generator.



13. The apparatus of claim 12 further conprising a control nessage
generator adapted to receive a representation of the aggregate capacity
val ue and of the mi ninmum signal indicia threshold value, said contro
nmessage generator configured to generate a control message that includes a
val ue indicative of the aggregate capacity value and a value indicative of
the m nimum signal indicia threshold value. 14. The apparatus of claim 13
wherein the radi o comruni cati on system conprises a nobile station, wherein
the control nessage generated by said nes$age generator is broadcast to
the nobile station, and wherein both the aggregate capacity value and the
m ni mum signal indicia threshold value. 15. The apparatus of claim 14
wherein the nobil §;st a0, compr &fscgﬁmai ﬁ;gtﬁélocm &‘i@f@%%%l%@ﬂi&%ﬁé@%&& S(?}Q&&E ed
to receive the control nessage, radi o sub-systemsé€lection nmade of a radio
sub- syst em asswitduatdeid seictta mmiagyrsegal iedcapbeshold valee of best
characteristics and associated with a signal indicia at | east as good as
the m ninmumsignal indicia threshold value. 16. Apparatus for facilitating
radi o sub-system s$8l ectThofplayata dTRihe 25hAkdr@Bm@Fisingd alkagttd) nE&QEAFY REGRAtbON
system having a plurality of radio sub-system said apparatus, conprising:
a control meddapi t&sEEIGTeRIgEERAEN b Ty aregate sarastty Brluaang pldhe@piigm
station of asfgﬁatiﬁ&hia@ﬁ%mvaiwgai&%ﬁtr&lmegfag%%%ratepédﬁ@gmd%lgaﬁ%@gat e
capacity valué representative of 1 ndication f radi o conmuni cati on system
capaci ties; aonirchmreastico thswimcbylss emiselndhtve eidthpugmiegate vaps@iynalugrand a

| ndi cation o b6, A00L SEAL G EARACLLY. YRkUSaolntlg aaNt rol message detect ed
by said control nessage et ect or. 2 §8I9% Fadie sy -system sel ect or
configured to performthe radi o sub-system selection responsive to the
aggregate capacity, valuye. 17. A hod_for facilitating radi.o sub-system
selection in a raﬁ?o %%%ﬁﬂﬁ?@&ﬁgg g} 3 vier i Ehergcig CMEREIREQP HFChdi o

sub- syst ems, csapiketB P CRNBE viicRGn tHeR8nPRGh&LIRNIn&hied by said message

generator 1s broadcast to the mobile station, and wherein both the aggregate capacity

value and the minimum signal indicia threshold value.

15. The apparatus of claim 14 wherein the mobile station comprises a radio
sub-system selector adapted to receive the control message, radio sub-system selection
made of a radio sub-system associated with an aggregate capacity value of best
characteristics and associated with a signal indicia af least as good as the minimum signal

indicia threshold value.

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
representative of indications of radio communication system capacities; and
a radio sub-systemn selector adapted to receive an indication of the

aggregate capacity value of the control message detected by said control message



col l ecting indications of radi o conmunication system capacitites;

determ ning an aggregate capacity val ue responsive to the indications
col l ected during said operation of collecting, the aggregate capacity val ue
used pursuant to the radi o sub-system selection. 18. The nethod of claim
17 further conprising the operation of formng a control nessage that

i ncl udes the aggregate capacity value. 19. The nethod of claim 18 wherein
the radi o conmuni cation system conprises a nobile station and wherein said
met hod further conprises the operations oté¢ sending the control nmessage to
the nobile station; and selecting the radi o sub-systemat the nobile
station responsive to the aggregate capacity value contained in the

control mess @Lgt%cto?, Qaid-mﬁo g@&—%?zﬁrpgel&k&ic%%%%r%g%@gﬂ E}genljé@igisgb—gféggﬂg ni cation

system conprises a core net a back net ara ccess
net wor k, and selbaroairpsponfiec wghe egatmtcapadiytwalueal ue det erni ned during said
operation of determ ning conprises a conbination of core network capacity
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collecting indications of radio communication system capacitites;
determining an aggregate capacity value responsive to the indications
collected during said operation of collecting, the aggregate capacity value used pursuant

to the radio sub-system selection.

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

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



