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subscribers of the CSG.
Current communication standards enable a particular user’s mobile terminal to discover possible
CSG cells with which the mobile terminal may attempt to communicate using an autonomous search
procedure. Mobile terminals may also manually attempt to communicate with CSG cells. The mobile
30 terminal is authorized to access CSG cells for which the CSG identity is within the mobile terminal’s
CSG “whitelist”, that is, a list provided by non-access stratum containing all of the CSG identities of the
C8Gs to which the user of the mobile terminal belongs.
In operation, a mobile terminal may acquire the routing parameters and CSG ID of a CSG cell by

reading system information blocks for the respective cell. Specifically, for a UTRAN CSG cell, the MIB
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WO 2011/ 141883PCT/ 1B2011/ 052078 5 FIG 3 is a schematic block diagram
of a network node, such as a base station system (BSS), of one exanple
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BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING(S)
Having thus described the invention in general terms, reference will now be made to the
30  accompanying drawings, which are not necessarily drawn to scale, and wherein:
FIG. 1 illustrates a system having a plurality of closed subscriber group (CSG) cells within a
macrocell in accordance with one example embodiment of the present invention;
FIG. 2 is a block diagram of a mobile terminal according to one example embodiment of the

present invention;



5 order that identifies a CSG cell in such a manner that signalling
resources are conserved as a result of the efficient representation of the
identity wo20he14883G cell in accordance with one exanpl ecembmdi/nents of t he
present invention. For exanple, a CSGscell may be identified by an
abbreviated identifier that uniquely identifies the CSG cell as between the
respective nobile termnal and a nacrocell, even though the abbrevi ated
identifier may not uniquely identify the CS Gcell on a gl obal basis

t hroughout the network or 10 between the network and anot her nobile

term nal. However, for purposes of communications between the respective
nobil e termnal and the macrocell, such as the issuance of measurenent

reports and |, .change o t he.uni que identification of cell as
eports and ool L change oLler sy Lhe il e, Go radeur OHRFRgB And { he
nacr ocelohe baspicrgbalinel bf tbhpnget iovedeen; i s sufficient, regardl ess of whether
the CSG cell P‘Iﬁ% 439!1 AUE! HaphAeRLE LGS Qé?foﬁn&i'b‘%%obﬁ@é}n% Wt Jlbd}datntleemfi}%n‘ém k or
not. 15The net appar at us and conput er program progluct of an exanpl e
enmbodi rré’mm%%fnklﬁém@ﬁmf&%@%qﬁH’(Y@Wjoﬁmct| on with a variety of networks that
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Figure 1 illustrates a bl ock diagram of a system 100 for identifying the
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and descéribéd here| n. H}fs flu pf—e VI lustrates one exanpl e of a
configuration of a system for |dent| fyi ng a CSG cell within a nacrocell,
numej@us ot her configurations gRYARISPDRECRESdoRC | Pl ement enbodi ments of
the present invention. In at |east some enbodi nents, the system 100

i ncl udes one S8Me ApEipRIHiof B PEFTR ﬁéqnéwll‘alilnawd?eéﬁ%nw g RBlnker e R Wodes 104
for defirfitRecieHPe&bhNAyIARMRES!. iSwhitd sofld PROA hlmgnmmaeﬁalom% iRB8ioWhi:h t he

mobile termnals, In at |east some. enbodi ment st urth

conpri s€8OH &%4%??{%%@0?%%? %Wﬂfﬁlﬁezm%ﬁmbg&w@wﬁa&w E%feét {W@P ne

net wor k$h0Lﬂ)ﬁﬁ)tb&’coﬁnfued Wl | in@lee ssthhi@twdinksts s@ forshdneinc trtbi, Hatd cathodielteat. | n
one g., a
cel | ﬁfrb?pgd\;ﬁt%ﬁlgd %1 SUC (Mkz%vﬂcf\%% ?p%%sz"f‘e IQ%L.%F ea&g!‘n%&g ]fr?prlel‘e enb &u\ﬁ% aﬁ r&?

cel | ul arte hleeceéﬂs@nﬁsﬂ@wgu@ﬁ)ﬁxsfﬁh@hqn@n\ﬁkﬁtmw@p@pla@é |1mf0a@@®|ndmd@emw ‘lehnSUTRAN
St andar sy HELTRAN. 30087 d5ere A5 O habr xSkl Mblch & QIO at i ons)
EDGE (Enhanced Data Rates for 30 GSM Evol uti on) radi o access network

( GERAN) 2%65RB%rYE ahadinents péhq presant ipventign) Thysess piing &4 H{Ems sSpiadide 2kehat
wher e 1 ef BhRR6Ssirhek etdie arenth@ddentt 6f the prekmafknisdhandard and/ or term nol ogy

particul ar t vvork and he references are i ded, nerely by way
b eximpie andTHBT by® b " PTACTEHD et b G RaRSI e 104" oy
conpr i semplayemetonoiels.. entlénteptag anfin guloe dirdvdrycodmudigicatieuinyl; b)aomahtioss of

t erm nal -est i t he
o1 6t aF e pa R b B HORRK LA B8 PP IR e B NGEN B AT

May conpr MSE, compicrasedppt memeich e gk BErbi I BSY, angm@rﬁﬂaéo REThER enctor EMECcei ver
stati on fiRia&E e HRAGS W 1A ( %QQCL%BM Slendanse, alnﬂc@ﬂ%ce@mgfur Q’E&hon dthe

net ék node WO 2011/ 141883PCT/ 1B2011/ 052078 7 may CO%I se base station
su b\gg t é?ffrf’ggﬁfsof(& thal PP H@“FWﬁ firEvap{pr gwe@%ﬁlav F‘feﬁgf t gh Ohﬁrﬁ:’d‘ﬁfel ignot

t er m nalphasnelld fresehe B kfiSdntct hira@trs WPE)Es torMusAST ﬁlu(mm Hemrs paRdiegedy nent s,
Lhe, et MRk, oSl SAMLLEULE LR RO 8%, At BueRhR A0S, Tor the
st at i on ccoptsirgl OInepr W(KBSQI))cem?B% antvat pcatnon[SééEtmiﬁad acrcamb'rylyme pifvoleantihe

operat i qulr%w% Rg%oﬁlep&aﬁﬂg Qhé’]t@m{r}ﬁu %gQ%e@ﬁ@elﬂ E‘l@t; 1n£19t£3's lfb#e%&tﬁﬁe a baseaand .

comuni cati on between the network s and the network dition
to tf% H@F%?%lrﬁ%@sﬁpﬂlﬁﬂt}onﬁ H@cmﬂmt@f%wwwafpr allo@ﬂﬁﬁvnapwl@%%raﬁ?ar%w
comMUNi Gatians sdMdr OM@arQEwIR RvitSGhealelvdridddice Wb Wer Whiiinade@icdesi gnat ed
as CSGCell?, Cﬁgﬁ%éé: CSCCell3 q?g CSBCCell4 in hg %nbodlnent of Figure 1.
For exanple, ‘¥ TEBP | T TA Efsfofﬁéﬁlmﬁil}m?leé”%?é“‘ {7V HIWB "ABYEYBs f or

whi ch t haydmbitdrecetneditinale,, taytilhi@\nen-aclets smemorgldtGceareh b difierstine frérhe nobi | e
t er m nal. QKR -C 0 he four exanple
CSG cel | § Hﬁﬂgﬁa&a%tﬁgg&gﬁ%'covefd%%agFQ%tigl UO %ﬁ%c %, such as a GERAN
cel I 35 Fhiempobtodinpeats o ihabre&e@@nmyomea}@ﬁlb@d@ tdduiigreydaniipeatorf @rytysed
'”C|Ud'@&m@ﬂﬂ?@%&ﬂ@ﬁ%@&@M&@&wa%%@&@&mQQH&Hk@&nmﬁﬂﬁhE%m&@&ﬁu%ﬁﬁn ke
phone, nobile conmunication device, game device, digital canera?cancorder
audi o/ vi deo pl ayer, television device, radio receiver, digital video
recorder, 15 positioning device, any conbination thereof and/ or the like.
For purposes of illustration but not of Ilnltatlon Flgure 2 |IIustrates a

o I o a o o,



of one type of nobile teimnal that may inplenent and/or benefit from
enbodi nents of the present invention and, therefore, should not be taken to
limt thewecopel4eds3t he present invention. Wile one 20 eciaB2omeni20rd t he
mobile termnal is illustrated and wi bl be hereinafter described for

pur poses of exanple, other types of electronic devices, such as nobile
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types of electronic systens, may enpl oy enbodi mnents of the present
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Interoperability for Mcrowave Access (WIVIAX) protocols. It is understood
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30 processor device, a mcroprocessor device, an anal og-to-digital
converter, a digital-to-analog converter, and/or the |ike. Control and

si gnal prwoessiimgstunctions of the nobile term nal nmay lpeTaBiowesizers bet ween
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functionality to operate one or nore software prograns, which may be stored
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connectivity program such as a web browser. The connectivity program may
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10 enbodinent illustrated in Figure 3, the network node may include various
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Asi n operation 200 of FIG. 4, the mo ile terminal 102, such as tl?e proc essor 20,
initially communicates with the CSG cells 110 to detect the CSG cells with which the mobile terminal is
in communication. In the illustrated embodiment, for example, the mobile terminal may detect each of

35 C8GCelly, C8GCelly, CSGCell; and CSGCelly. While the mobile terminal may detect multiple CSG cells

“at one time”, the mobile terminal of one example embodiment is configured to detect a single CSG cell
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the terminal, such as the processor, may assign an identifier of the predefined initial value, such as zero, to
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terminal, such as the processor, may then cause a measurement report to be issued that identifies the

strongest measured CSG cell for each frequency, such as by identifying each CSG cell with its identifier,

10 its physical layer identity and the frequency on which the CS{ cell operates, and that contains the
measurement results associated with the CSG cell. See operation 214. The measurement report therefore
uniquely identifies the CSG cell as between the mobile terminal that issued the measurement report and
the macrocell (although not necessarily globally within the network 106} without requiring reference to
the CGI, thereby uniquely identifying the CSG cell in a manner that requires substantially fewer bits than

15 the CGI. However, the mobile terminal may maintain a mapping or other association between the
identifier generated by the mobile terminal and the CGI so that subsequent reference to the identifier,
such as by the network node 104, can be uniquely associated with the respective CGI by the mobile
terminal. In the illustrated embodiment in which the mobile terminal has detected CSGCell; to have the
strongest signals on the frequency on which CSGCell; operates and has not previously issued a

20  measurement report for a CSG cell having the same physical layer identity and operating on the same
frequency as CSGCelly, the mobile terminal, such as the processor, may generate a measurement report
identifying CSGCell; by its physical layer identity, such as PSCI, the frequency on which it operates,
such as f1, and its identifier, such as zero, and containing the measurement results associated with
CSGCelly.

25 The network node 104, such as the BSS and, more particularly, the processor 120 of the BSS,
may receive the measurement report including the identification of the CSG cell having the strongest
signal at the frequency at which the CSG cell operates, such as in terms of the physical layer identity of
the CSG cell, the frequency at which the CSG cell operates and the identifier generated by the mobile
terminal that uniquely identifies the C3G cell as between the mobile terminal 102 that issued the

30 measurement report and the macrocell, although not necessarily globally within the network 106 or
between the network and another mobile terminal. See operation 300. As noted above, the measurement
reports also generally include measurement results for the CSG cells that are the subject of the report. In
this example embodiment, the network node, such as a processor of the BSS, may receive a measurement
report identifying CSGCell; by its physical laver identity, such as PSCI, the frequency on which it

35 operates such as 1, and its identifier, such as zero, generated by the mobile terminal. As noted above, the

measurement reports received by the network node may include measurement results for a plurality of
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different CSG cells and other cells operating on different frequencies in some embodiments. The network
node, such as the processor of the BSS, may then determine if a cell change order is to be issued to order
the mobile terminal to move to a different cell from the cell currently serving the mobile terminal. See
operation 302,

5 In instances in which the network node 104 does not issue a cell change order, the mobile
terminal 102 may continue to identify CSG cells 110 with which it may maintain communication to
obtain measurement results for each of these CSG cells. See operations 200 and 202. Tn instances in
which the mobile terminal, such as the processor 20, determines that a different CSG cell now has the
strongest signal on the frequency, the mobile terminal may issue another measurement report identifying

10 the CSG cell now having the strongest signal. See operation 204. By way of example, the maobile
terminal, such as a processor, may determine that C3GCell; now has the strongest signal. The mobile
terminal, such as the processor, may then determine if the mobile terminal has previously issued a
measurement report for another CSG cell having the same physical layer and identity and operating on
the same frequency as CSGCell;. Since CSGCell; and CSGCelly have the same physical layer identity

15  and operate on the same frequency, the mobile terminal, such as the processor, may generate an identity
that differs from CSGCell; so as to uniquely identify CSGCell, as between the respective mobile terminal
and the macrocell. See operation 208. Inthe embodiment in which the identifier 1s represented by a
counter, the mobile terminal, such as the processor, may increment the counter upon determining that a
different CSG cell having the same physical layer identity and operating on the same frequency has been

20  identified to have the strongest signal. See operation 212. Continuing with the above example in which
CSGCelly was previcusly assigned an identifier of zero, the mobile terminal, such as the processor, may
assign CSGCell; an identifier of 1 following incrementing of the counter from 0 to 1. The mobile
terminal may then cause a measurement report identifying CSGCell, by 1ts physical layer identity, such as
PSC1, the frequency on which it operates, such as f1 and its identifier, such as 1, and containing the

25 measurement results associated with CSGCell,. See operation 214, As before, the measurement report
issued by the mobile terminal may also include measurement results and identification information for
other CSG cells and other cells operating on other frequencies. As an alternative example, if the mobile
terminal had determined that CSGCell; was now the strongest cell, the mobile terminal need not have
incremented the counter associated with the physical laver identity PSC1 and frequency f1 since

30 CSGCells has a different physical layer identity than CSGCelly, but, instead, may have assigned
CSGCelly an identifier of zero (assuming that the mobile terminal had not previously issued a
measurement report for a CSG cell having the same physical layer identity and operating on the same
frequency as CSGCelly), thereby identifying CSGCell; by its physical layer identity, such as PSC2, the
frequency on which it operates, such as f1, and its identifier, such as zero.

35 The network node 104, such as a processor 120 of the BSS, may again receive the measurement

reports that uniquely identify the CSG cell (as between the respective mobile terminal 102 and the
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macrocell) and provide measurement results for those CSG cells. See operation 300 of FIG. 5. Thus,
even though CSGCell; and CSGCell; have the same physical layer identity and operate on the same
frequency, both the mobile terminal 102 and the network node may uniquely identify the two CSG cells
110 as between themselves based upon the identifier generated by the mobile terminal as well as the
5  physical layer identity and the frequency on which the CSG cells operate. In this regard, unlike the
mobile terminal that can specifically identify a CSG cell by its CGI based upon a mapping or other
association maintained by the mobile terminal between the CGTs of the vanious CSG cells and the
physical layer identities, operational frequencies and identifiers of the C3G cells, the network node may
not be able to identify the CSG cells by their CGls (since the CGls or Public L.and Mobile Network
10 (PLMN) IDs need not have been provided to the network node), but the network node can uniquely
identify a respective C3G cell to the mobile terminal based upon its physical layer identity, operational
frequency and identifier.
The network node 104, such as a processor 120 of the BSS, may then again determine if a cell
change order is to be issued, such as based upon the measurement results. See operation 302. In
15  instances in which the network node, such as the processor of the BSS, determines that a cell change 1s to
be issued, the network node, such as the processor, may generate a cell change order that identifies the
target cell, that is, the cell to which the mobile terminal should move. See operation 304. The network
node, such as the processor of the BSS, may then cause a cell change order to be issued to the mobile
terminal that identifies the target cell, such as by identifying the physical layer identity of the target cell,
20  the frequency on which the target cell operates and the identity of the target cell as originally generated
by the mobile terminal. See operation 306, For example, the network node may generate a cell change
order directing the mobile terminal to move to CSGCell; by issuing a cell change order that identifies
CS8GCell; by its physical layer identity, the frequency on which it operates and its identifier, such as 1.
The mobile terminal 102, such as the processor 20, may receive the cell change order and may
25  uniquely identify the target cell based upon the physical layer identity, the frequency on which the target
cell operates and the identifier that had been originally generated by the mobile terminal and which
uniquely identifies the CSG cell as between the mobile terminal and the macrocell. The mobile terminal,
such as the processor, may then carry out the cell change order by moving to the target cell, such as
CSGCelly, to support subsequent communications. The mobile terminal, such as the processor, may then
30  continue with the identification of CSG cells with which the mobile terminal may communicate and may
provide measurement results to the network node 104 based on any relative changes in signal strength for
the CSG cells operating at the various frequencies, as described above in conjunction with FIG. 4.
As noted above, the mobile terminal 102, such as the processor 20, of one example embodiment
may generate an identifier based upon the incrementing of a counter in instances in which the mobile
35 terminal has previously issued a measurement report to the network node 104 for a CSG cell 110 having

the same physical layer identity and operating on the same frequency. As such, the mobile terminal, such
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as the processor, will not generally increment the counter in instances in which a CSG cell that is to be the
subject of a measurement report, such as CSGCells, has either a different physical layer identity, such as
PSC2, operates on a different frequency, such as f2, or both. Instead, the mobile terminal, such as a
processor, may maintain a separate set of identifiers, such as based on different counters, for each
different combination of physical layer identity and frequency.

Although still based upon a counter, the mobile terminal 102, such as the processor 20, may
generate unique 1dentifiers for the CSG cells in other manners. For example, the mobile terminal of the
preceding embodiment identified the first CSG cell having a certain physical layer identity and operating
on a certain frequency with an identifier of 0. Alternatively, the mobile terminal, such as the processor,
may 1dentify the first CSG cell having a certain physical layer identity and operating on a certain
frequency that is to be the subject of a measurement report by the absence of an identifier, that is, the
resulting measurement report will not include an identifier for the respective CSG cell. However, the
mobile terminal, such as the processor, of this embodiment may identify the next CSG cell having the
same physical layer identity and operating on the same frequency by an identifier of zero, the following
C8G cell having the same physical layer identity and operating on the same frequency by an identifier of
one and so on. By identifying the first CSG cell having a certain physical layer identity and operating on
a certain frequency without an identifier, the mobile terminal of this embodiment may further conserve
the signalling requirements that are dedicated to uniquely identifying the CSG cell, while still permitting
the CSG cells to be uniquely identified as between the mobile station and the macrocell.

As a further example of the operation of example embodiments of the present invention, the
following table illustrates the identifier that is generated by the mobile terminal 102 in various scenarios.
In this regard, it is noted that the first and second alternatives referenced by the following table
correspond to the embodiments described above in which the first CSG cell that 1s the subject of a
measurement report has an identifier of 0 in the first alternative and does not include an identifier in the

second alternative.
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By way of further illustration, FIG. 6 provides another illustration of the foregoing example
embodiment in which the mobile terminal (MT) 102 initially detects and issues a measurement report for
CSGCelll and thereafter detects and issues a measurement report for CSGCell2. Following receipt of the

5  measurement report for CSGCell2, the network node 104 issues a call change order to CSGCell 2. As
noted above, the first and second alternatives referenced in FIG. 6 correspond to the embodiments
described above in which the first CSG cell that is the subject of a measurement report has an identifier of
0 in the first alternative and does not include an identifier in the second altemative.

In an alternative embodiment, the mobile terminal 102, such as the processor 20, may generate a

10 different identifier for each different CSG cell 110 that is the subject of a measurement report (such as a
counter that 1s incremented for each different CSG cell110 that is the subject of a measurement report),
regardless of the physical layer identities and operational frequencies of the CSG cells, that is, regardless
of whether the physical layer identities and operational frequencies of the CS@G cells are the same or
different. By way of example, the mobile terminal may issue a first measurement report for CSGCell,

15  having a physical layer identity of PSCI1, afrequency of f1 and an identifier of 0. Thereafter, the mobile
terminal may issue a second measurement report for CS(GCell, having an identifier of 1 even if the
physical layer identity and/or the frequency of CSGCell; is different than that CSGCell;. For example,
the second measurement report for CSGCell; may have an identifier of 1 in this embodiment even though
the physical layer identity is PSC2 and the frequency is 2.

20 The mobile terminal 102 and network node 104 are generally configured to define a field of a
predetermined number of bits in which to uniquely identify the CSG cells 110 as between the mobile
station and the macrocell served by the network node. The size of the field is generally set to be
sufficiently large so as to allow each of the different CS( cells that are anticipated to be identified while
the mobile terminal remains within packet transfer mode or while the mobile terminal 1s served by the

25 macrocell. In one embodiment, for example, the field mav be set to be 3 bits, thereby permitting 8 CSG
cells to be uniquely identified as between the mobile terminal and the macrocell for each combination of
physical layer identity and frequency (or 9 CSG cells in the embodiment in which the initial CSG cell 1s
not assigned an identifier). In other words, utilization of a field set to 3 bits permits 8 CSG cells to be
uniquely identified as between the mobile terminal and the macrocell in instances in which the initial

30 CRG cell is assigned an identifier (or 9 CSG cells in the embodiment in which the initial CSG cell is not
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in a report uel entl
performed by the network node 104 in accordance with Figure 5 may be stored by one or more memory

devices 122 of the network node and executed by the processor 120 of the network node. In some

25 embodiments, the computer program instructions comprising the computer program product(s) which
embody the procedures described above may be stored by memory devices of a plurality of computing
devices, such as the mobile terminal and/or the network node. As will be appreciated, any such computer
program product may be loaded onto a computer or other programmable apparatus to produce a machine,
such that the computer program product including the instructions which execute on the computer or

30  other programmable apparatus creates means for implementing the functions specified in the flowchart
block(s). Further, the computer program product may comprise one or more computer-readable
memories on which the computer program instructions may be stored such that the one or more
computer-readable memories can direct a computer or other programmable apparatus to function in a
particular manner, such that the computer program product comprises an article of manufacture which

35 implements the function specified in the flowchart block(s). The computer program instructions of one or

more computer program products may also be loaded onto a computer or other programmable apparatus



bet ween the nobile termnal and the network node within the scope of the
particul ar report, such as a 10 particul ar neasurenent report. Although the
met hod amwloappaadsas of this enbodi nent all ows the net wech/rpzdeosots t he
mobile termnal to maintain explicit ®rack of report nmessages containing
CSG cells, the nmethod and apparatus of this enbodi mrent cannot di stinguish
CSG cell s between different reports as the identifier does not uniquely
identify individual CSG cells, but only report nessages. As descri bed above
Figures 4 and 5 are flowharts of an apparatus, nethod, and conputer 15
program product according to exenplary enbodi nents of the invention. As

al so descri bed above each bl ock of the flowhart, and conbi nati ons of
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the ik % th% ?Orgg%}r#l%g s%nﬁﬁ)l;l Ial%sthg gss&ﬁ?gd%}a! II'I(Perg Ste H?llé Eoodfe%geré?&dttﬂ?gg onput er

or ot her % apparatus to pro a COI’Tp er-i rrp enent ed process
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bloc§§ 5Accordi ngly, blocks of the flowchart support comnbinations of
meané’ f dpe et PG P e BeerrTas e |d63ﬁ’§befe€5?m‘ﬁ% FEPITRYT A& SPEST P ed
funct i onswtail éxeivblhdy calmbifathas emoeft aathr flhatioronesherld Hm;@reblhm kst dfferédne

fl owchart dc tions.of blo ma inpl enent ed
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speci f i gdpditingditonghsscope of Srrbbmradddorsnofin thpeedaal. fop Qxapmsfedlffanentw@m@namds of

conmput ere; Qg L1M0r @Jn@%@ Biﬁl@r)than]tlg Ay &pﬂgﬁ%/ G038 51509@% EINDG OB IBY mAB,Gar i ed
out in nany ways. For exagg suitabl e nmeans for carrying out each of

t he %anc,ftnﬁﬁﬁémer‘e@"élﬁaﬁ%f@d nfﬁgh%%l sBifFicofEd aegmelar et handedicfEnt s of
the |nV%@ﬁdrl@@nddchr?ﬂﬂ:s@ﬁ@@ﬂyﬂﬁfﬁotf&bﬂr &bl o lie@atidngur ed processors 20, 120 of
the nobile termnal 10 and the network node 104, respectively, nmay provide
nmeans for performng their respective functions, as shown in Figures 4 and
5 and described above. In another enbodinent, all or a portion of the
operations, 15 such as shown in Figures 4 and 5, may be configured by and
operat e under control of a conputer program product. The conputer program
product for perform ng the nethods of enbodi nents of the invention includes
a conputer-readabl e storage nedium such as the non-volatile storage

medi um and conputer -



readabl e program code portions, such as a series of conputer instructions,
enbodi ed in the conputer-readabl e storage nmedium 20Many nodi ficati ons and
ot her enbwodi2nemtssssef t he i nventions set forth herein w lPcTaBrmai/oz2ome nd to
one skilled in the art to which theseoenbodi mrents pertain having the
benefit of the teachings presented in the foregoing description and the
associ ated drawi ngs. Therefore, it is to be understood that the invention
is not to be limted to the specific enbodi nents disclosed and that

nodi fications and ot her enbodi nents are intended to be included within the
scope of the appended clains. Mreover, although 25 the foregoing
descriptions and the associ ated drawi ngs descri be exenplary enbodi nents in
t he context tain exenplary conbinations of elenments and/or functions,
it shoul'd*b¥ lﬁlblﬁriélfleadt ed that different combinations of el ements and/or
functions may be provided by alternative enbodi mrents w thout departing from
the scope pf {he,anpepded. claims. In this regard, for exanple, different
conbi nati ons of elenents and/or functions other than those explicitly
descri bed abdstectiag a clated sutserieesipidee) @8 may be set 30 forth in sone of the

appenyled cl algg&ratlﬁégﬁlg&ﬁhers{p[qgmg@cgnegﬂas are enpl oyed herein, they are used
in a generic and descnfptwe sense only and _not for purposes of |imtation.
11

WO 2011/ 141883Peg Pedei iy dordrasmbettAamagiRict it 0 cEfigh Wbye MPsurameRl g
conpr i Sivtgeeindrd i@atiifiegpllawcthoSed caUb $€ idefieled g @R £DEabil€ ebrhipal 2gEher at i ng an
identifier fchr the CSG cell; and causing the identifier to be
transm tted Yo a macrocel |n association with a neasurenent report,
wherein the identifier allows the CSG cell to be identified as between a
nobi h@ terfn @anetmq‘cgobﬁn%%@gmq%hlerem]cggsmg%m&hﬁg' t@G&thngﬁﬂgd éo%p%e@l m 1
wher ei n causi n fier to be transmtted conprises causing the

i denti f |°é‘fsmtgéhebéﬁnflf1§ﬁ%‘?ﬁ trapEp tphin 38 GE A FIB A PHSIcH laepiydinear afiggspcy At i ty
and a fregugncy of the CSG cell. 3. A nethod according to any one
of Clains 1-2 wherein the CSGcell is identified based on the 15 identifier
together with the physical layer identity and the frequency of the CSG

cel |. 4. Amrgbhodordiog of Gy nge df@‘:larnyl-o e tid @ el 1s idenntied @kal cgeiver at | ng
th f h CSG
oMb eSO SR 080T 00 o M RLETLLSDLL L T St S0

accordi ng to any one of Clains 1-4 wherein there is afinite set of

di fferent hde@h{e{hb@&%or&h&g% &?Bn&ﬁ(ﬁa@;ﬁ@[ Q%Qmm%gnefrﬁﬂg th@ﬁhehﬁ%%dnﬁdn@és is valid
in the nobile termnal for a given CSG cell at npst until it is reused for

a di f f erghfratiogedidiarent lﬁ%ﬁﬁéorteﬁ@ (Sheell pRyRy Bafameg)wical lgehtdemty adrefiaguency.
6. A method according to any one of Clains 1-2 wherein generating the
i dened fiers. C(N]fﬁd?th(ﬁieiﬁcoaﬁngte raeg c&ieioﬂglaﬁnsdi £ Wwer@nthetedentdiis@of fidre@adhtifiers

differ teEat canq)tg Ianae'%alt 0(%hat En 1¥16nt1 1er 18 vzﬁ" % n thé: glg‘tpl el tE: 1nap1%r a glvgw { E§E£ é/e'll at most
until it is reused for a different CSG cell having the same physical layer identity and frequency.

6. A method according to any one of Claims 1-2 wherein generating the identifier comprises

25  generating a different identifier for each different combination of physical layer identity and frequency.

7. A method according to any one of Claim 1-2 further comprising identifying one CSG cell from
among the CSG cells having a respective combination of physical layer identity and frequency by a lack
of an identifier.

30
8. A method according to any one of Claims 1-7 further comprising maintaining a mapping of the

1dentifier to a cell global i1dentifier of the respective CSG cell.

9. A method according to any one of Claims 1-8 wherein the identifier is not globally unique.

35



7. A nethod according to any one of Claim1-2 further conprising
identifying one CSG cell fromanong the CSG cells having a respective
conbi nat iwo 20f1/algssi cal | ayer identity and frequency bypraTiiBmki/es20zn

identifier. 30 8. A nethod accordilng to any one of Clains 1-7 further
conprising maintaining a mapping of the identifier to a cell gl obal
identifier of the respective CSGcell. 9. A nethod according to any one of
Clainms 1-8 wherein the identifier is not globally unique. WO

2011/ 141883PCT/ 1B2011/ 052078 21 10. A method according to any one of
Clains 1-9 wherein generating the identifier conprises generating the
identifier based upon a counter. 11 A net hod according to any one of
Clainms 1-1 eratin fier enerating a

i fterent Themrr b IFGRE Qanyihestopim ) T hpaSah by R piy e B Heky o

i denti t)gelaamﬂlngthfenc&qu&mbgsecblﬁpoh heoBsG ceI | s. 12. An apparatus

conprising at | east one processor and at |east one nenory i ncl uding
conputer program code, the at |east one nenory and the conputer program
code confi Yuredethe, acggrding tplgey preotesnrl-10nthersiugsacrithe thepprariBergsmpises det ect a

cl osed suUhsgink Peit-@hAURESEEPea88IIG cl SRBFIRLEorR r@hysd;@nhyei {dBktith Hd atfnauegéG

cell; and causetheldentlfler to be transmtted to a macrocel |
associ atf B SftRss measurenent report, wherein the identifier allows the
CSG cell to beldentlfled as betweenarmbileterrrinal and the 15

macr ocel | . 2 wherej n t he menory

aratus com sm attH: g'cccr)(gcg:l)so;g?-l at leas emernoryl cl com uter
and conput er 8]()3 ér ]éi I%eﬁj | guredmt t‘ﬁ 1% cessor,

cause t rpeOgaqu@adattwt tegst ews@nmh@dlthteqqtmtﬁtﬁmogr@n brale wréilgswil tot eith 11119' ProsysI-Ng
the jglentif gt transmtted in association with a physical |ayer
identity and a frequency of the CS G 20cel |. 14. An apparatus accordi ng
to any one offeteytgickreed posqrbepiavndi RS ¢ CSG cel | is identified based on the

identifier t%g@tralfgegnlwntlhertf(k}%epjw(;egadndl ayer identity and the frequency of
t he CSG cel | . aag dg{An appar at us accor di ng](]jto any one of Clainms 12-13

wherein the FERD {1 O UEE I Syt ETS élaé?"élatf‘i?r"t“ﬁé’rme@ﬁﬁ?ﬁ“ﬁh%ﬂt to,

W t h t hevhpreooBsigetifiecdlusetht NBG agpahaidisifiicd ageneakab evsildidifiel @dtthd denti fi er
for each, agéce(ﬁ cell having the same physical layer identity and frequency.
16. paratus according to any one of Cains 12-13 wherein the nmenory and
conput er program 30 code are further configured to, with the processor,

al I ow the @%ra%&ﬂﬁustagccgﬁ%%@ﬁnQZ ﬁxjhg}i:igl%e%ogf anqicgrfﬂﬁﬁtg IBf:()g:,rl'arrl code are further

configured to, with the processor, cause the apparatus to cause the identifier to be transmitted by causing
the identifier to be transmitted in association with a physical layer identity and a frequency of the CSG
20 cell.

14. An apparatus according to any one of Claims 12-13 wherein the CSG cell is identified based on
the identifier together with the physical layer identity and the frequency of the CSG cell.

25 15. An apparatus according to any one of Claims 12-13 wherein the memory and computer program
code are further configured to, with the processor, cause the apparatus to generate a different identifier for

each CSG cell having the same physical layer identity and frequency.

16. Apparatus according to any one of Claims 12-13 wherein the memory and computer program
30  code are further configured to, with the processor, allow the apparatus to generate a finite set of different
identifiers, so that an identifier is valid in the mobile terminal for a given CSG cell at most until it is

resued for a different CSG cell having the same physical layer identity and frequency.

17. An apparatus according to any one of Claims 12-13 wherein the memory and computer program
35 code are further configured to, with the processor, cause the apparatus to generate the identifier by

generating a different identifier for each different combination of physical layer identity and frequency.



identifiers, so that an identifier is valid in the nobile termnal for a
given CS Gcell at nost until it is resued for a different CSG cell having
t he sane wbysicalssBayer identity and frequency. PCT/IBIV1 BpfRaTsAt US
according to any one of Clainms 12-13 22herein the nenory and conputer
program 35 code are further configured to, with the processor, cause the
apparatus to generate the identifier by generating a different identifier
for each different conbination of physical |ayer identity and frequency.
WO 2011/ 141883PCT/ 1B2011/ 052078 22 18. An apparatus according to any
one of Clains 12-13 wherein the nenory and conputer program code are
further configured to, with the processor, cause the apparatus to identify
one CS Gcell fromanong the CSG cells having a respective conbi nati on of
physical |ayer identity and frequency by a | ack 5of an identifier. 19.
An appar at Us Aacpetdisnge drdngm ymore cOf1adhsdizAs wh2retb8havhercey mdtchepwrenorgyanand
comput er., iy 00, A, COHEuaE &, § 1 %Qslroce%@fe&%eq oy Kbl oRIRERA R, cause

the apparatus to maintain a mapping of the identifier to a cell global

i dent i f isgneihe CRE crlsdpees ¢ pwecsgogrltipation of physicaplyer Agntifh ped frauscaedlrdi ng t o

any ofe P, Ghaises 12-19 wherein the identifier is not globally unique.

21. An apparatus according to any one of Caim 12-20 wherein the nenory and

conput er program code are further configured to, with the processor, cause

t he apparauusuﬂﬁm@mwmma&angMeng@emf@hhemzbymmae@emeﬁaﬁﬁﬁgmkhﬁ@Mdemﬁiﬁﬂer
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to, mnthd¢méaprbeﬁgkbﬂI&ma&sef®h@ﬂagpaﬁéKU8Hto generate the identifier by

geneq@ting a different identifier for each CSG cell regardl ess of a

physi cal t%er identity and a frequency 20 of the CSG cells. 23. A

conput er p% JrERP P EIGCTIRDRPRY ¥ RCatms| 18d8 tvhgise teegAptifiers pb glaby snigior age

medi um havi ng conput er - execut abl e programinstructions stored therein, the

conput er - execut abl e programinstru r|S|n i nstructions for:

25det ect i ng a"CPHERY %if’g‘é%gr’f’ﬁ@fo”ﬁr"g{ifﬁ ?%?Cé} &1 he JEMEY 4F G PRI RTOEAT i er

for the &&Gretther cam@u;red to, with thapuemg)r tdaese n}depﬁara‘tuseds gdnerafpahetidamnBeribkt ed to a

macr oce surenment report, wherein the identifier
ps tgﬁner%gg%%%ﬁ?ﬁ BJQ%A’\ﬁpog ?

al | ows |ed as between a nobile term nal and the
macro cell. 24. A conputer program product according to Claim 23
wherein the 'Arﬁ E%drlﬁ&s a@&b’%dﬁﬁg% PR PO lne 2 A &ALl (RS mdiRrPhrdlcb APE Mk defith
conprise instructions causing the identifier to be transmtted in

associ atPEr e aonéﬁ%ii @anﬂv R BPCTHETETE e ARRPraisty SGErandy igmtiiHéY cs 6
cell. \AEho20ihd 4 14883 RPGTHABAQLIY @521 8epardless of a physical layer identity and a frequency

20  ofthe CSG cells.

23, A computer program product comprising at least one computer-readable storage medium having
computer-executable program instructions stored therein, the computer-executable program instructions
comprising instructions for;

25 detecting a closed subscriber group (CSG) cell,
generating an identifier for the CSG cell; and
causing the identifier to be transmitted to a macrocell in association with a measurement report,
wherein the identifier allows the CSG cell to be identified ag between a mobile terminal and the
macrocell.
30

24. A computer program product according to Claim 23 wherein the instructions for causing the

identifier to be transmitted comprise instructions for causing the identifier to be transmitted in association

with a physical layer identity and a frequency of the CSG cell.

35 25. A method comprising:



23 recei ving neasurenent reports for each of a plurality of closed
subscri ber group (CSG cells having a common physical |ayer identity and a
common f requenci)ssand identifying a respective CBGrastdii/bsesd upon
an identifier included within the neasSurenent report, wherein the
identifier allows the CSG cell to be identifiedas between a nobile term nal
i ssuing the 5 neasurenent report and the macrocell, but not nore globally
nor between another nobile term nal and the macrocell. 26. A net hod
according to Claim25 wherein the neasurenent report associates the
identifier to be associated wth a physical layer identity and a frequency.
10 27. A method according to Caim26 further conprising causing a cel

change order to be issued that jdentifies the.respective CSG I t he
Chanerf e 1 R s R R IR bR bRl e R R Rk prsel

f r equendyvind 6&8imoA pheddabldycaceartdimig oomanfre@recyodndd ai ms 26 or 27 wherein
the identif ! ?&enﬂi@iélg:gth&Jcﬁ%Cnggell%%ﬁ' %[gdnfak%{e t1 'e(r) g-nglméd%{ iAHe 8£aSLF|}QI¥§ﬂtcal

| ayer identity and frequency. . A net according to any one of

d ai s 2e0ggvinrar BF Hendentliopy agStirell idypieetiisdes tesGepempbifipiet Seorpc ses
i de n_t §f YohddGirdHhigi r%%r@n@ _ﬂlelmatlro@én, ﬁﬁﬁ&%&@@o%@r%d“@e%\ﬁh&%@ﬂé peRBALLy e
conbi natj on of 20 physical layer identity and frequency by a | ack of an

i dent i fitkgmacrocell 39 A et hod according to any one of O aims 26-29 wherein
the identifier is different for each CSG cell regardl ess of the physical

! ayer . : gjen%_ tﬁy gﬂo atcpo?dilfl rt%‘i‘ﬂl'ﬁ%%’ ngreit f&% rr?%:%rec %lné r%' org a55530:(|;'i'ate'sa\{1]16 ?‘cf%gt%{e?'%o%se
conpri si ng“at” Teast*  ohe processor and at 1 east one nemory: Ineluding
conput erassypriggt amh codeical dyer iddntitvead t frewenayenrory and the conput er program
codejgonfigured to, with the processor, cause the apparatus to:

recei ve neasurenent reports for each of a plurality of closed subscriber
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30. A method according to any one of Claims 26-29 wherein the identifier is different for each CSG
cell regardless of the physical layer identity and the frequency of the CSG cells.

25 31. An apparatus comprising at least one processor and at least one memory including computer
program code, the at least one memory and the computer program code configured to, with the processor,
cause the apparatus to:

receive measurement reports for each of a plurality of closed subscriber group (CSG) cells having
a common physical layer identity and a common frequency; and

30 identify a respective C3G cell based upon an identifier included within the measurement report,
wherein the identifier allows the CSG cell to be identified as between a mobile terminal issuing the
measurement report and the macrocell, but not more globally nor between another mobile terminal and

the macrocell.

35 32. An apparatus according to Claim 31 wherein the measurement report associates the identifier to

be associated with a physical layer identity and a frequency.
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one of Clains 32-35 wherein the identifier is different for each CSG cel
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10 35. An apparatus according to any one of Claims 32-34 wherein the memory and computer program
code are further configured to, with the processor, cause the apparatus to identify the respective CSG cell
by identifying one CSG cell from among the CS(G cells having a respective combination of physical layer
identity and frequency by a lack of an identifier.

15 36. An apparatus according to any one of Claims 32-35 wherein the identifier 1s different for each
CBG cell regardless of the physical layer identity and the frequency of the CSG cells.

37. A computer program product comprising at least one computer-readable storage medium having
computer-executable program instructions stored therein, the computer-executable program instructions
20 comprising instructions for:
receiving measurement reports for each of a plurality of closed subscriber group (CS@G) cells
having a common physical layer identity and a common frequency; and
1dentifying a respective CS( cell based upon an identifier included within the measurement
report, wherein the identifier allows the CSG cell to be identified as between a mobile terminal 1ssuing
25 the measurement report and the macrocell, but not more globally nor between another mobile terminal

and the macrocell.



