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20 telephone calls. Additionally, CDMA provides a more reliable, fade-free, RF
signal interface than previously existing wireless communication systems
and methods. . The leading standard for CDMA wireless
telecommunications is the 1S-95 over-the-air CDMA interface standard,
promulgated by the Telecommunications Industry Association (TIA). In
25 addition to the general advantages provided by CDMA noted above, 15-95
CDMA provides soft handoff capability by allowing a subscriber unit (usually
a cellular telephone) to engage in multiple RF interfaces simultaneously.
Soft handoff increases the likelihood that a subscriber unit will remain
connected as the set of base stations with which it interfaces changes in
30 response to changing location.

To allow the widest possible availability of CDMA wireless
telecommunication service, it is desirable to reduce the cost associated with
the implementation of a CDMA wireless telecommunications system. One
such method and system is described in copending US patent application no.

35 575413 entitled “WIRELESS TELECOMMUNICATIONS SYSTEM
UTILIZING CDMA RADIO FREQUENCY SIGNAL MODULATION IN
CONJUNCTION WITH THE GSM 'A-INTERFACE
TELECOMMUNICATIONS NETWORK PROTOCOL” filed December 20,
1995 and assigned to the assignee of the present invention. (CDMA-GSM

40 network application) In the CDMA-GSM network application a wireless
telecommunications system using an I1S5-95, or IS-95 like, over-the-air
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during a telephone call is necessary. Since mobility is one of the substantial
benefits provided by wireless telecommunications service, such a system
- and method allowing a subscriber unit to switch between CDMA and

another type of cellular telephone service would be highly desirable.

30
SUMMARY OF THE INVENTION

The present invention is a novel and improved method and

apparatus for switching the radio interface layer of a wireless telephone call

35 from code division multiple a 7ess (CDMA) modulated to GSM time
division multiple access (TDM. : modulation during the course of that
telephone call or other communic ..tion. In the described embodiment of the
invention, a set of base stations operating in accordance with the GSM
standard generate pilot beacons signals in accordance with CDMA

40 technology. During a phone call, a subscriber unit detects CDMA pilot
signals, and notifies a base station controller when CDMA pilot signals are
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conduct ed. 'FIG. 2 is a block diagram of a base station controller configured in
- accordance with one embodiment of the invention; and
20 FIG. 3 is a timing diagram illustrating the messages exchanged dunng
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invention. :
25 DETAILED DESCRIPTION OF THE PREFERRED
: EMBODIMENTS

A novel and improved method and apparatus for switching the radio

interface layer of a wireless telephone call from code division multiple

30 access (CDMA) cellular to GSM time division multiple access (TDMA)
cellular during the course of that telephone call or other communication is
described. In the following description, the invention is set forth in the
context of a radio frequency signal interface operating in accordance with
physical signal modulation technique of the 1595 CDMA over-the-air

35 protocol. While the described invention is especially suited for use with
such signal modulation techniques, the use of other code division multiple
access wireless telecommunications protocols is consistent with the practice

of the present invention, as it the use of the invention at various frequency
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disclosure of the present invention.

FIG 1. is a block diagram of a wireless cellular telephone system
configured in accordance with one embodiment of the invention. GSM
BTS’s 100 and CDMA base transceiver stations (BTS) 102 are distributed

20 across the area being serviced, and CDMA pilot beacons 105 are distributed
in the area located between GSM BTS’s 100 and CDMA BTS’s 102. While
CDMA pilot beacons 105 are shown separate from GSM BTS’s 100 for ease of
drawing, location at or within a GSM BTS 100 is generally preferred
although not required. GSM BTS’s 100 are coupled to GSM base station

25 controller (GSM-BSC) 104 and CDMA BTS’s 102 are coupled to CDMA base

~station controller (CDMA-BSC) 106. GSM-BSC 104 and CDMA-BSC 106 are
coupled to GSM mobile switching center (GSM-MSC) 108. In the preferred
embodiment of the invention, GSM-BSC 104 and GSM-MSC 108 operate in
accordance with prior art systems used to implement a GSM cellular

30 telephone system. While the system shown is implemented using one
GSM-MSC 108, the use of multiple GSM-MSC’s 108 is also consistent with
the operation of the present invention.

In the embodiment shown, CDMA-BSC 106 is also coupled to GSM-

~ MSC 108. When at location A, subscriber unit 101 is engaged in bi-directional -

35 interfaces with two CDMA BTS’s 102 via the use of RF signals processed in

accordance with CDMA techniques, over which “frames” of data are

exchanged. Per conventional terminology, an RF signal transmitted from
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25 Dbetween the various other systems shown in FIG. 1, which include dedicated
signaling and traffic data connections, as well as the use of intermediate
systems which are not shown.
In the preferred embodiment of the 1nvent10n, CDMA BTS’s 102
physically modulate and transmit RF signals substantially in accordance
30  with IS-95 standard, and therefore generate forward link signals that include
one or more pilot channels, paging channels and synchronization channels,
as well as a traffic channel for each telephone call or other communication
being conducted. Also, pilot beacons 105 transmit one or more forward link
- signals that preferably include one or more pilot channels. The pilot
35 channels are used to identify CDMA BTS’s 102 and pilot beacons 105 and
allow subscriber unit 100 to determine proximity to either by signal strength
measurements. In a first embodiment of the invention, pilot beacons 105

1%
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20 When activated, but not processing a telephone call, subscriber

unit 101 is said to be in idle mode. During idle mode, subscriber unit 101

repeatedly performs an idle mode searching procedure during which it

searches for CDMA pilot channels within forward link signals from CDMA

BTS’s 102 and CDMA pilot beacons 105. When a pilot channel is detected,

25 subscriber unit 101 attempts to process an associated synchronization

channel. If the pilot channel is from a CDMA BTS 102, the synchronization
channel will be processed normally. If the pilot channel is from a pilot

beacon 105, the synchronization and paging channel will either indicate that

. the source of the pilot channel is a pilot beacon 105, or no synchronization

30 and paging channel will be detected, which also indicates to subscriber unit

| 101 that the source of the pilot channel is a pilot beacon 101. If no pilot

channels are detected, or the only pilot channels detected are from pilot

beacons 105, subscriber unit 101 will either enter into or return to GSM-

TDMA mode. Otherwise, subscriber unit 101 will either enter into or return

35 to CDMA mode.
As described above, subscriber unit 101 conducts a telephone call in
CDMA mode via a bi-directional RF interface with one or more CDMA
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other communication. The particular condition or conditions that will
cause CDMA-BSC 106 to generate such a set of signaling messages that are
different in various embodiments of the invention, which are described in
more detail below. s

25 FIG 2. is a block diagram of CDMA-BSC 106 and a set of CDMA BTS's
102 when configured in accordance with one embodiment of the invention.
CDMA BTS's 102 are coupled to CDMA-BSC 106 via wirebased links, which
in the preferred embodiment of the invention constitutes a T1 or El
connection, although other connections may be substituted including the

30  use of microwave links. CDMA interconnect subsystem 200 is coupled to
the set of CDMA BTS 102 shown. CDMA interconnect subsystem 200 is also
coupled to call control processor 202, selection subsystem controller 203,
selection subsystem 204, and BSC A-interface 206. CDMA  interconnect
subsystem 200 serves as a message and traffic router between the connected

35 coupled entities and in the preferred embodiment of the invention is
comprised of an asynchronous fixed length packet transport system. Data
processing and service options system 210 and BSC A-interface 206 are
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20 packet can contain traffic data or signaling data, which is indicated by packet

header bits contained in each packet. In similar fashion to the frames
transmitted via the forward and reverse signals, one signaling message may

be transmitted via one or more data packets.
During the operation of CDMA-BSC 106, call control processor 202
25 and BSC A-interface 206 generate signaling messages that configure and
control the operation of CDMA-BSC 106. This configuration and control
includes the allocation of selectors within selection subsystem 204 for
processing a telephone call or other communication. The processing
performed by a selector includes receiving a frame from each CDMA BTS
30 - - 102 interfacing with subscriber unit 101 at any particular time, and selecting
one of those frames for further processing based on quality indication
~ information included in each frame. Additionally, a selector generates
- multiple instances of a frame to be transmitted to subscriber unit 101 in the
forward link direction, and forwards one instance of the frame to each
35 CDMA BTS 102 with which subscriber 101 is interfacing with at the time.
The configuration and control of CDMA-BSC 106 performed by BSC A-
interface 206 and call control processor 202 also includes the allocation of
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20 between the subscriber unit 101 and selector subsystem 204 for ease of
drawing. Similarly, messages exchanged between GSM-MSC 108 and a GSM
BTS 100 are also processed by GSM-BSC 104 but are shown as single lines as
well.
As described above, during a stable telephone call or other
25 communication, subscriber unit 101 constantly searches for pilot channels
transmitted from either a CDMA BTS 102 or a pilot beacon 105 and transmits
a pilot strength measurement report 300 to COMA BSC 106 when- any one. of
. a set of conditions described below are met. Each strength measurement
report from subscriber unit 101 contains identification information that will
30 allow the source of the measured pilot channel or channels to be identified.
This identification information can take many forms including the time
offset associated with the pilot channel, or an index value that can be
understood by both CDMA BSC 106 and subscriber unit 101. A prior art -
method and system utilizing such strength measurement reports is set forth
35 in US Patent 5,267,261 entitled “MOBILE STATION ASSISTED SOFT
HANDOFF IN A CDMA CELLULAR COMMUNICATIONS SYSTEM”,
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IngT ./ US97/ 0 Ogégdlitriggally, GSM-MSC 108 responds to handover request acknowledge 308
by transmitting handover command 310 to BSC A-interface 206 which
indicates the GSM-TDMA forward and reverse link channels over which
the call should be conducted. BSC A-interface 206 responds by forwarding
25 the forward and reverse link GSM-TDMA channel information to selector
subsystem 204 via GSM-TDMA handoff response 312. Similarly, selector
subsystem 204 forwards the GSM-TDMA channel information to subscriber
unit 101 via handover command 314. Subscriber unit 101 responds by
switching from CDMA mode to GSM-TDMA mode, and by transmitting
30 reverse link TDMA signal 317 via the assigned GSM-TDMA reverse link
traffic channel as well as searching for the forward link GSM-TDMA traffic
and control channels from a GSM BTS 100. GSM BTS 100 then begins to
search for reverse link TDMA signal 317 from subscriber unit 100 and upon
- detection transmits handover detect 316 to subscriber unit 101 via the
35 forward link GSM-TDMA traffic channel assigned to pi'ocess the telephone
call. Additionally, GSM BTS 100 transmits handover complete 318 to GSM-
MSC 108, which responds by transmitting BSSMAP clear 320 to BSC A-
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or Neighbor Sets.  The values of T_ADD, T_COMP, T _DROP, and
T_TDROP are initially set to default values stored within subscriber unit

25 101, but can be modified via signaling messages transmitted from CDMA-
BSC 106, and T_DROP is less than T_ADD.

Using the PPDB, subscriber unit 101 sends strength measurement réports to
CDMA-BSC 106 when any of the following conditions occur:

30 1)  The strength measurement of a pilot channel in the
Neighbor or Remaining set exceeds T_ADD;
2)  The strength measurement of a pilot channel in the
Candidate Set exceeds the strength of a pilot channel in the
, Active Set by an amount T_COMP x 0.5 dB, and a pilot strength
3B measurement report has not been sent with respect to this pilot
channel since the last handoff directive was received;
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20 location A to location B, subscriber unit 101 will also generate a p1lot |
strength measurement report.

Upon receiving a pilot strength measurement report, CDMA-BSC 106
determines whether the pilot channel is associated with a CDMA BTS 102 or
pilot beacon 105 using the identification information and the pilot database

25 (PDB) described above. In a first embodiment of the invention, CDMA-BSC
106 monitors the pilot strength measurement reports for indication that the
strength of the pilot channel from a pilot beacon 105 is 0.5dB plus T_COMP
above the strength of a pilot channel in the active set. When such an
indication is received, CDMA_BSC 106 initiates the handover to GSM

30 service as described aboiie, While this first embodiment causes the
handover to GSM service to occur somewhat earlier than necessary, it
prevents the CDMA link from substantially de; - .dir before the service is
switched, thus ensuring the quality of the call. This first embodiment is
especially good where CDMA coverage is collocated with GSM coverage

35 because the availability of GSM service can be ensured when the handover
processes is initiated. | :
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channel as well as searching for the forward |ink GSM TDVA traffic “and
control channels froma GSM BTS 100. GSMBIS 100 then begins to search
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20 In a first embodiment of the invention utilizing T_HANDOFF, CDMA-BSC

-~ - 106 notifies subscriber unit 101 when a pilot strength measurement report |
indicates a pilot channel from a pilot beacon 105 has been detected above
T_ADD. Subscriber unit 101 then stores that the pilot channel is generated
by a pilot beacon 105 within the PPDB, and generates a pilot strength

25 measurement report 300 when that pilot channel is received at a strength
that exceeds T_HANDOFF. Upon receipt of this pilot strength
measurement report, COMA-BSC 106 initiates the handoff to GSM-TDMA
service as described above. In this embodiment of the invention
T_HANDOFF is greater than T_ADD.

30 In a second embodiment of the invention utilizing T_HANDOFF,
subscriber unit 101 generates a pilot strength measurement report when
every pilot channel from a CDMA-BTS 102 is received with a strength that is

- less than T_HANDOFF for a time period T_THANDOFF. T_THANDOFF is
an additional value stored within a subscriber unit 100 but which can be

35 modified via signaling messages from CDMA-BSC 106. Upon receipt of this
pilot strength measurement report, COMA-BSC 106 initiates the handoff to-
GSM-TDMA service as described above. In the preferred implementation of
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uni t, ej@iresllanthi aubws Hhe %ﬁ%&sm&cﬁﬁﬁ{ﬂm&mé semce subs&?&rnfa

been sent since the | ndaqf rectijve or ext
o Toct v wibsetys e, FRheR] 08 COMA® feledSmBuiihRBNE | service, whese 0 ve
Set nenber baneﬁtsearé eofs greatest use, wihdle RldoR@njdyinga the rnbmpleee vn{obmﬁyDRCP

Inggcr: Be?ngﬁwga% Ffﬁéﬁ%o%&% %{!{ghan%é rﬁA h?ot eacon WI th

10 i ncr easMethedrand;systemealiews e%aeﬂm@q ﬁmbene fOF‘BG%F&é@th lifthesoe. As
the 15Pi et uﬁidiﬁaaﬁéh NI Bt @sMh thiPadtPlictab@iACthat 'he ébxh@ﬁanb&s’ic on

08 2 o, AR ST A G B8 cark toge RlgtRdy sRriTaR
measur enent duzing the cow@Sef a normalSGSM6to GEM intes styb&mthmlngbrrmahurbrrent
of the pil oh,aRa0E THISaI6%%He CDMA service to be introduced with a minimum

' of cost, and therefore in a highly efficient manner. :

20 Thus, a method and system for coexisting CDMA wireless
telecommunications service with GSM-TDMA wireless
telecommunications service is described. To one skilled in the art, various
alternative embodiments of the invention will be apparent. The

embodiment described above is provided for purposes of illustration and

25 example only, and should not be construed as hm1t1ng the scope. of the
invention which is set forth in the following claims.




15 to T_COWP x 0:5 dB above that of a pilot froma CDVA BTS 102 with which
an RF int ayhage19e3s been established, subscriber unit 101 wectrusynoees t a

semnﬂwgm\ne?sienent report to CDVA BSC 104. Should the pil ot

channel strength of a pilot fromone or n6re CDVA BTSs 102 fall bel ow
Dﬂmmmnm terval of T_TDROP during the transm ssion from 20

| oc nmulnon B, subscriber-unit 101 will al so generate a pil ot

st rengt% rreadur &meht report. %Mecei ving a pilot strength
measur enent report, CDVA-BSC 106 ' es whether the pilot channel
I's associated with a CDVA BTS 102 or pi |l ot beacon 105 using the

identification informgiion g nﬁlifeﬂlifde | nvent i 2 b%énbéf%t dRss whetkss

above. In a first errbodl nment 06 noni t ors
the pil o strengttg mmﬁ#w%pwﬁt@\fém i ot éwm iple access

strength of the piaded €fey &Eﬁl:yfﬁ B teffacd e b 0Gidhd &ys@e:ﬁdﬁoﬁl lMoExl@OlVP
above thg strength of a E : ot hang in thelgg(ft ve set en _such 1

i ndicati&n is recd E’ 1om: it aﬁ‘éeﬁé'ﬁglﬂl qpsn%ﬁgba
service as descrlmrfmmdmmgwtdlephdnescdll cemlmsmgilhneste ofses the
handover ,to GSM servic e e e ar Is
preventsst he CDMA |i nk frongétﬁgﬁ‘t%al ¢ 3?‘1? %uéore héﬁsﬁgv?/ﬁce ‘%\s a
swi tched, thus erpredeterminedqeanditjoryf th'hh dal ICOdEFhﬂUlﬂpnstmelhmhﬂ IASAESS S
especi al Igy good wWagHe. A coverage is coll ocat ed W th GSM coverage 35
because the avail abili t of GSM sesvic n sure han oyer.
processes i s initiat eob %§"5/ %3 Foth the Mbsdriber

PCT/ US97¥000926  accordance with Global System for Mobﬂe comrﬂﬂmcatlons over-the-a
second enbodi ment_.of th clenventlon CDVA- BSC. 106 nonitors - the pilot
strengt h measur enent reports for indication that the strength of t he

| ast pilot channel in the active set froma CDVA BTS 102 has fallen

bel ow T_ DROP for tl me 2nter thetHddORs R FBrthUED cidim Ndhedhé© Rohfprising
recei ved, éOG litiates the handover to GSM service as

descri bec? above Bbnd enmbodi ment is useful where it is desirable to

mai ntai n’ CDVA servi ce deteradningng stxength sfon| 2 séte6) pilot rchasinelso necejved h@SM '

4 the subscriber unit; and
. , generating a pilot strength measurement report indicating sald
6 signal strength for each pilot channel received. :

3. The method as set forth in claim 2 wherein said

2 predetermined condition occurs when a strength of a pilot channel
from a pilot beacon exceeds a strength of a pilot channel in an active
4 set by an amount 0.5dB greater than a value T_COMP.

4. The méthod as set forth in claim 2 where said

2 predetermined condition occurs when no pilot channel from a code
division multiple access base station is received at a strength above a

4 value T_DROP for a time interval T_TDROP.

- ' 5.  The method as set forth in claim 1 further comprising
2 the steps of:
- : transmitting a handover required to a Global System for Mobile
- 4 communications mobile switching center;



~set 10 froma CDVA BTS¢102 Has

also initiated when the | ast pi I ot channel in the active
en bel ow TDROP for a tine interval

T _TDROP, however, the use of pilot beacon3sl1l05 is elimnated, and t hus no
strength rreasurerrents for pilot channels froma pilot beacon 105 are

generated. This third Qg@ﬁdh{s?'&théﬁdgﬁe‘ébﬂ{xmfnﬂsﬁgﬂ s‘mftﬂolr%lzgfétbﬁ{ iggp of

pi |l ot beagons 105.i.s, pnot fe bl e I tional nts of

1
the i nven®ion, sulMEP p SPMmpnicaions mobile;switehing rerter; @ndhal val ue
T- HANDOFF which i s al smmm@gutne@mbsam unit to Hafbmd and &é&w@a@{al& he
ot her vartabl es dﬁécarl be‘? above%.uﬁma éil?tj?ﬁ al ue Eorl F DOFF
stored in“subscri SRITanG W2 h bile mm%c%"hﬁﬂﬁed
via signaling rresstugeshwsmmulhpdb hecess Dvebhe RECPIGtocoR0 I n a first
enbodi nent of the invention utilizing THANDOFF, CDVA- BSC 106 notifies

subscri ber unit 101 when a pilot strength neasurénent report I ndi cat es
a pilot channel from a®il otAberetled 160r sabseriker autit chandaver efrom cdde\DD.

Subscribep unit 1Qfkvisien Hivltiple ¢ Addesd hﬁu@lés@t tél@@&ﬁﬁhrﬂlﬁaﬂﬁﬁ? r %Eﬁﬂgg to Y

a pilot beacon 10 n the P gener at es stren

measur ement repor ?;l\gbé{%ﬂ%tﬁn} far E@PP@? "&ﬁﬁéﬂ“cﬁféoﬁécﬁmﬁedh‘é’@@ seydtiple,
t hat exceéds THANRCEEss wu@lhss telee@mmﬁnﬁ_ ﬁtlbi‘i!;»1 Seﬂtﬁéé&?x?pi‘ﬁi}%&e %tl\t/egs of:
Servi ce ag deser| bed alve. Sthending dfadhtiere BF ThecRgt G AR a base
T_HANDOFF6i s greatt@nsmmerT staiipn 3(yia radio | ﬁequemon@igenbodm@nﬂateﬂ t tre

nvent i on utili 2! Bacd iU code diFih phiRiple Biesd (dcgES 05 2 DI OL

strength peasurenent report . . g}leré‘ g ;;q?gnne
102 is reBeived with a%tre ?F’*?Wé’f‘gl e suRscry rf‘n?tl—bﬁl\m:it?‘ﬁfefégﬁlrre
period T_THANDOFF.edge;THANDOFF i s an addltlonal val ue stored within a
subscri bgg unit 100 butywhi ¢l 1?% b edg Vi
from CDlvszSC 106. Upon)recel P ?h&?,goba qurt rﬁ%dyl&h%#g{d}g' [ﬁgg@ﬁ@ﬁ&
report, CDVA-BSC ﬁ@@eﬁtﬁmﬂ@sseldesmrumrequmm vice as
descri beg2above. In thﬂ)prefﬁ&ﬁ&hﬂhﬂ%&&iﬂéﬂtﬁﬁt to OEerM@ #/ addérddnce
PCT/US97/ 00926 .with Global System for Mobile communications time division

14 multiple access standards.

service. ko o318by d mm um m ,,e invention, the handoReIT/ 830361 ¢ i s*
st ab

7. The method as set forth in claim 6 wherein step b)

2 . comprises the steps of:

generating a set of signal strength measurements on a set of
4 pilot channels received by said subscriber unit; and

determining a strength of a pilot channel from a pilot beacon
6 exceeds a strength of a pilot channel in an active set by an amount

0.5dB greater than a value T_COMP.

8. The method as set forth in claim 6 wherem step b)

- 2 comprises the steps of:
- generating a set of signal strength m -asurements for a set of
4 pilot channels received by said subscriber unit; and
determining that no pilot channel from a code division
6 multiple access base station has been received at a strength above a

value T_DROP for a time interval T_TDROP.



t hi s enbodi nent, r than TDROP, as it is desirable to

performt hwd'gandsut’;f l 'EI# servi ce degrades to unapCeIsaies26

| evel's. However, Fthat is less than T_DROP is not °

I nconsi st ent vvith the practice of the prddent invention. 5 By perfornmng a

handover in.the various- ways descri bed above, CDVA W rel ess

t el ecomuni cati on servi ce can be provided within a GSM

t el econmmuni cati ons net and | nyconj unct Wi t M T . i< [ SS

t el econmuni cati ons ser ce |W éh%rﬁér°m¥ab“5|?8&§$§‘iﬁ§b@$i%‘eP W&re%&

switch fr2om one ttpleron{nmmcatmstsyst&mtdmmpﬂmgnﬁ\etstepsaui:r se of a tel ephone

10 call. This allows tshe t e NSpafAfivie € gy&%cr'- to
o#) CD%?&nﬁgomm TR Mibion gl\}ﬁereasuc Ih?&r -

recei ve the benefits nlcatlons Service
benefits4are of othanngls; use, - whi | e also enj oyi ng the conplete nmobility

Pt hod A syst om bl o f i iasmiting bl Meabiieniinty resmpes Dafhich |
met hod a syste WS

15 no mbifcat i BALS Héﬂ%&?% ﬂ&wvmmsgt A oA Pt NG HRECERRn ds
gnd responses reqam? esbuncetindidcabvnsirdonnationcandose al Leagy per for Eed
uring t course o a nor i nt er._.syst n ar

hand- of f rkeTh| s all ows %&% f)eecgnﬂﬁﬁocff?&dﬁw 5#%5‘1%‘% n‘ﬁ'%h

of cost, and therGiQhaé |SYSGB11'I| dfory Mobilei ecommumications signal Ppmoesssing
met hod gnd sySte*p‘thi‘ﬁ“f'@Dﬁ/ﬁ“ﬁta Rgnm connerd $s receﬁé‘d ecomruni cati ons

service - wth W rel ess t el ecommuni cati ons serV| ce
is described. To one skilled in the art, various . alternative

enbodi nents . of the invidhti oThewnethdak a%mmrferdh in disim 9 wehéxedn nstep b) is

oy, and ahoutd REROREEd NG s HEPWERRE! acbddiReltiiAn 5 s cg‘ﬁ2-°>§at13?§6‘”?tl'ﬂe
i nventi on whi ch i whigh andntexface is establishediin gletectediat a Stl‘engfh\'/hm
PCT/ US97/£00926 3 time interval T_TDROP. 15

" 11. A cellular telephone system that offers code division

2 multiple access service and Global System for Mobile
communications time division multiple access service to a subscriber
4 unit comprising:

code division multiple access base station for interfacing with

6 the subscriber unit;
code division multiple' access pxlot beacons for generating a
8 pilot channel indicating an edge of a code division multiple access

o - service region; and-
10 | code division multiple access base station controller for
“receiving pilot strength measurement reports from the subscriber
12 unit, and for generating signaling messages that cause the subscriber
unit to be handed over to Global System for Mobile communications
14 time division multiple access service when said strength

measurement reports indicated a handover is necessary.

12 The cellular telephone system as set forth in claim 11

o 2 wherein said code division multiple access base station controller
generates said signaling messages when a pilot strength measurement

4 report indicates that a pilot channel from said pilot beacon has been



[err]. WO 97/31503 of switching a subscrib L ln a
wreless 2 IIH"“MEMH E Us system from a code di ?hﬁ%h;'ﬂh?‘il p :

access radi=0 nal iggerface to G obal Systemfor
Mobile 4 comuni cation tinme division nmultiple access radio -’

frequency signal received at al [ | ephone .cal |, conpri si,
steps of g 6 2 E)S%Qﬁ,‘i\g?gﬂ%# nﬁng%%agé)%%as&mif amilo
in a (shaneel fram ajcods division mwltiple accessibast stationn mul ti pl e
access 8 node; and : b) transmtting data to and

fromthe subscriber unja i 0 ccordance with d obal System for
Mbbi | e conmmuni cat i onsrioé\'/er ?ﬂ%%_cellular teerh(amp sygtem fagceet forth in claim 11

2. TheZmet hod asherginf saidhcode divisior] multipR' aCQEB" bk Gtati e
steps of: enerates saﬂﬁéi@f’@%‘ﬂ. a_str eﬂ;\ tr? far lga%!see?tagﬁ on?EFOIfep
channel s ,receive® by 4 .. eé FERBFH Y pllof sgength measurement
gener at i #g a pil d’FPé’Efr dndicatese dbat ae rpilote whahnehdfront i B4idS dode Rivision

I'e *

t he
'S

'signal strength faltisiehagidsdtbasha Neqel : . . 3. The
method ag set fo%%ﬁé@bg; 2 V\h_eﬁrl!l lg"fasl ngg received Bt agsignalstength

condi tion occurs ARA&A nfRtra Sime, interval TLEBREP. froma pil ot
beacon exceeds a strength of a pilot channel in an active 4 set by

an anount 0.5dB greatqp thagq . a v

| ye T : 4. The
method gs set forth ?%’cl alt © “ﬁér@@ﬁﬁ‘e system as set forthe imi claiim 13
condi ti oft occur s WinereimdI_JPROP andnEcTDRQP freceslaes provided l? ¥aidl B8de
4

mul tiple access daemiot uIBpId Aok Haks Srorf cShSHGL" AP0V

value T_DROP for a tine interva
as set forth in claim2l further conprising 2 t he steps of:

Egmm E:t |t ingng hanplov.éE. _redll'%d Edétglgf&reﬁplibﬂe syysteiTal Yot YBAh! fn daim 12
= 2 T rBir M EBNIBYs GEPL R provided by said code division multiple
- access base station controller.

16.  The cellular telephone system as set forth in claim 11

2 wherein, said subscriber unit generates strength measurement reports

| when a pilot channel from said code division multiple access base

4 station has been received at a signal strength above T_DROP for a

- time interval T_TDROP, and when a pilot channel from said pilot

6 beacon has been received at a strength above a value T_HANDOFF;
and o

8 ) said code division multiple access base station controller

generates said signaling messages when a power strength

10 measurement report indicates that a pilot channel from said pilot

beacon has been received at a strength above a value T_HANDOFF.

: 17. The cellular telephone system as set forth in claim 16 wherein
2 T_HANDOFF is greater than T_DROP.

5. The et hod



[err] 16 recei ving a handover command

from sai d yodalsePystem for 6 ‘ Mobi | e communi cat i ons PODAISHT00926

swi‘t chi ng center; and instructing the subscriber unit to
transmt and receive signals 8 in accordance with said @ obal
System for Mobil e conmuni cati ons time division multiple access
over therair protocol. 6. A net hog, for subscriber unit
handover from code 2 “di vi si oW3mul ti pI e acce WI rel ess

t el econmuni cations service to d opa Stlem for Mobile

comuni cations time division rrultlple4 cgss wirel ess

t el ecommuni cati ons sgwee—corpPrtstrg—the—st ‘p%%g a)
exchangi ng data betwgen the subscriber unit 1nd5énb e 6

transceiver station }via radio frequency si in

accordance wth code [division nultiple acc 8

b) determ ni ng that}f the subscri ber unit/I age edge;
10 _ c) | notifying a d ob ' com’r%l cations
base station that saild subscriber uniy/ge

d) instructing said subscriber u 23]

wi th d obal Systemfqr Mbile communrcatfons timg |

nmul ti pl e access standards. : ) ‘The metNqod as set forth

inclaim 6 wherein dtep b) 2 onprises f :
generating a set of gignal strength asurenents|on a set oN\-4
pil ot channels recei vfed by said subsfriber unit; fand
determning a strengtjh of a pilot channel from.ajpilot beacon
exceeds a strength off a pilot chanfel in an actlve set by an a
O 5dB greater than a jvalue T_COVF, ' ‘o 8. The nme hod @ set

forth in claim 6 wherein st .2 - compriles the steps
generating a set of sigpﬂ stregt h m asur enent or a set of
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4 Piwelorssanel s recei ved by said.subscriber unit; angermsorneszs

determ ning that no pilot channel froma code division 6 multiple’
access base station has been received at a strength above a

value T DROP for a tine interval TTDROP. WD 97/31503 [err]”

PCT/ US97/ 09926 .17 -

9. A nethod for operating a subscriber unit in a wreless 2

t el ecomuni cati ons system conprising the steps of: a)

s RBot 4 channel s;
es which 6 indicate a
nel received and

c) transmtting and
obal System for Mbile

searching for code division multiple acc
b) transmitting strength sur enepf SRss
pi l ot strength nmeasurenent of] each pH@tgch
source indication infor ior; and 8
receiving data in accordgfee fwith

comruni cati ons si s &5 936 +
command IS receiv (o) 10. T

d met hod as set forth i claim

9 wherein step b)lis 2 ¥ performed wegn a pilot channel associ@fed
with a base stati¢n with which @ jnterface is established]|is
detected at a stréngth T _DROR for 4 B34 time interval TTDROP. 2
11. A cellular t¢lephone syqt em t hat of%zs code division 2 Ol 8
multiple access |[servi®sd obal gs em for NMobile \t
comuni cations ti di vidi ors ] t i pl e acc®dsl service to a subscriber}4
uni t conpri sing: \ % ode divisifjon nmultiple access base §tation
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di vision multiplefaccess cons for generating a 8 pi § ot
channel indicating an edg pde di visidn nultiple access
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code division nultiple access base
recei vi-ng pilot strength mecgwssmmes2e
unit, and for generating signalinig
unit to be handed over to
-time division multiple
measurenent reports
12. The cellul ar
wherei n said code
generates said
report

service region; and. 10
station cogyjg @dises for

repoifts from the subscriber 12
nmessages that cause the subscriber

G obal System for Mbile conmunications 14
access service when said strength

i ndi cated a handover is necessary.

t el ephone systemas set forth in claim 2
division multiple access base station controller
signal i ng nessages when a pilot strength measurement 4

i'ndi cates that & t channel fromsaid pllot beacon has been WO
97/ 31031 o PCT/ ©§S97800926
18 gresei d at a strength at Ieag T_COwp abov a®trength from
apilot 6 J &8 e—fecedo—base
station. Om 13. The r tel eph@8ne—qdyse¢m as set forth
inclaim1l 2 wherein said co sion mul i g &Bdess base
station control | generatéE signaligg fFsHEges when a
pil ot strength neasurenent -4 _rE i ndi cat es tigt ﬂ( pi | ot channel
from said code division mno> ig p access Basgfst@fi on has been
received at a signal strength 6 . e TDROP fiorCk tgrre i nterval
T _TDROP. : 14. The celg l@x| t el ephone sﬁstam as set forth
in claim13 wherein T_DROP DREP arelvaIleér rovided by
sai d code ~ IS0 division mltiple sBase sthati n c¥ntroller. -
15. The cellula gphone system as gﬁﬂuﬁprtﬂ inclaiml2 2
wherein T_COW i|s a vjpl ue provided bm Sai 8 code di vi sion rrulti&le
access base st atl ontroller. ' 0 g | <] -
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16. The. cellul ar tel ephone systemas set forth in claimi1l 2

merei n, Isai d subscriber unit generates strength neasurenent '-‘-‘;;f“’i. %”HQD:B
enh a prlot c | from sgj. QQQE IEE'“}/' ' L & i ccess hGNAY, oS -

station has beﬁ@icei ved a?’blg‘by gna m&?ﬂ‘%&ﬂ“ﬁ'ﬁéﬁﬁm for a W;
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(54) Title:

COEXISTING GS)M AND CDMA WIRELESS MEWCA S NETWORKS

(57) Abstract

A novel and improved method and apparatus for switching the radio interface layer of a wireless telephone call from code division
multiple access (CDMA) cellular to GSM time division multiple access (TDMA) cellular during the course of that telephone call or other
communication is described. In accordance with one embodiment of the invention, a set of base stations (102) operating in accordance
with the GSM standard generates pilot beacons signals in accordance with CDMA technology. During a phone call, a subscriber unit (101)
detects CDMA pilot signals, and notifies a base station controller (106) when CDMA pilot signals are detected and the strength at which
they are received, The base station controller (106) identifies CDMA pilot signals from CDMA pilot beacon (105), and initiates a CDMA

to GSM handover.




