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(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.
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COEXISTING GSM AND CDMA WIRELESS 
TELECOMMUNICATIONS NETWORKS 

BACKGROUND OF THE INVENTION

I. Field of the Invention

The present invention relates to wireless telecommunications. More 
particularly, the present invention relates to a novel and improved method 
for providing both code division multiple access and time division multiple 
access wireless telecommunications service in an area having a Global 
System for Mobile (GSM) communications network.

GII. Description of the Related Art

Code division multiple access (CDMA) wireless telecommunications 
is the next generation of digital wireless telecommunications. CDMA allows 
wireless telecommunications systems such as cellular telephone systems to 
provide higher quality wireless telephone service at a reduced cost by more 
efficiently using the radio frequency (RF) bandwidth available to conduct 
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 IS-95 over-the-air CDMA interface standard, 
promulgated by the Telecommunications Industry Association (TIA). In 
addition to the general advantages provided by CDMA noted above, IS-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 
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. 
575,413 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 
network application) In the CDMA-GSM network application a wireless 
telecommunications system using an IS-95, or IS-95 like, over-the-air
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interface in conjunction with a Global System for Mobile communication 
(GSM) telecommunications network is described. GSM telecommunications 
systems represent the previous generation of digital wireless 
telecommunication systems and utilize a time division multiple access 
technology over the air interface (GSM-TDMA). Such a wireless 
telecommunications system allows CDMA telecommunications service to 
be introduced at a reduced cost in areas having already existing GSM base 
telecommunication service, because a substantial portion of the previously 
existing infrastructure can be used to provide the CDMA wireless 
telecommunication service.

Allowing a CDMA based wireless telecommunications system to be 
built using preexisting telecommunications infrastructure also raises the 
possibility of CDMA and GSM-TDMA, or CDMA and other prior art wireless 
telecommunication communication systems, being simultaneously 
implemented within the same region or area. Having both CDMA wireless 
telecommunications service and the preexisting telecommunication service 
available in the same area has various advantages. These include including 
the ability to incrementally introduce CDMA service within a service area 
thereby spreading out the cost of introducing CDMA service over time, as 
well as the ability to perform limited introductions of CDMA service only in 
areas where demand for wireless telecommunication service has 
outstripped the supply provided using the prior art technology. In order t 
provide total mobility to CDMA service subscribers located in a areas where 
CDMA and prior art systems coexist, however, a system and method for 
allowing the subscriber unit to switch between the two types of service 
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.

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 
from code division multiple access (CDMA) modulated to GSM time 
division multiple access (TDMA) modulation during the course of that 
telephone call or other communication. 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 
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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detected and the strength at which they are received. The base station 
controller identifies CDMA pilot signals from CDMA pilot beacon, and 
initiates a CDMA to GSM handover via the generation of a set of signaling 
messages which instruct the subscriber unit and receiving GSM 

5 infrastructure equipment to prepare for the switching of the radio interface 
layer. The subscriber unit responds by acquiring the GSM synchronization 
information, and establishing a RF interface with the GSM base station 
without interrupting the telephone call being conducted.

10 BRIEF DESCRIPTION OF THE DRAWINGS

The features, objects, and advantages of the present invention will 
become more apparent from the detailed description set forth below when 
taken in conjunction with the drawings in which like reference characters 

15 identify correspondingly throughout and wherein:
FIG. 1 is an illustration of a cellular telephone system configured in 

accordance with the present invention;
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 during

a handover performed in accordance with one embodiment of the 
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 IS-95 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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ranges including, but not limited to, 800-900 MHz and 1800-1900 MHz, as 
well as satellite based wireless systems. Also, throughout the application the 
use and transmission of various types of information is described including 
messages, requests, orders, instructions and commands. It should be 
understood that this information is constituted by electronic representations 
of these messages, requests, orders, instructions and commands, that are 
generated via the use of electric currents, voltage potentials, electromagnetic 
energy, or a combination thereof. Additionally, the following description 
contains reference to various systems for manipulation and generation of 
such information. In the preferred embodiment of the invention, such 
systems are implemented via the use of digital and analog integrated 
semiconductor circuits coupled to one another via various conductive 
connections or via the use of electromagnetic signals, or both. In other 
instances throughout the application, various well known systems are 
described in block form. This is done to avoid unnecessarily obscuring the 
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 
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 
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 
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 
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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the CDMA BTS 102 to the subscriber unit 101 is referred to as a "forward link 
signal", and an RF signal transmitted from the subscriber unit 101 to a 
CDMA BTS is referred to as a "reverse link signal." Additionally, the state of 
being simultaneously engaged in a bi-directional interface with two or more 

5 CDMA BTS's 102 is referred to as "soft hand-off." A soft hand-off can be 
contrasted with a "hard hand-off" or "hand-over" during which the RF 
interface with a first base station is terminated before the RF interface with a 
second base station is established.

Both traffic data and signaling data must generally be exchanged in 
10 order to properly process a telephone call or other communication. Traffic 

data is the information exchanged by the end parties (subscribers) involved 
in the telephone call and is usually digitized and "vocoded" voice or other 
audio information, but may also be data. Vocoded voice is specially encoded 
digital voice information that requires a minimal amount of digital data to 

15 represent the voice or audio signal, and can be considered compressed voice 
information. Signaling data is comprised of signaling messages used to 
configure and control the various systems involved in processing the call. 
In the preferred embodiment of the invention, signaling and traffic data are 
distinguished when exchanged via the forward and reverse link signals by 

20 header bits contained in each frame of data, where the header bits indicate 
whether the frame contains signaling or traffic data, or both. It should be 
understood, that a single signaling message may be transmitted via one or 
more frames containing signaling data. One skilled in the art will recognize 
the various methods by which traffic and signaling data are exchanged 

25 between 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 invention, 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
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transmit one or more synchronization and paging channels along with one 
or more pilot channels, and in a second embodiment of the invention pilot 
beacons 105 only transmit pilot channels.

The pilot channel is preferably generated via the periodic direct 
5 sequence modulation of pilot data with a pilot channel code and a spreading 

code, in similar a fashion as described in the IS-95 standard. For each CDMA 
BTS 102 or pilot beacon 105 the application of the spreading code is offset in 
time by a predetermined amount relative to the application of the spreading 
code at other CDMA BTS's 102 and pilot beacons 105. The offset associated 

10 with each CDMA BTS 102 and pilot beacon 105, along with information 
indicating whether that offset is associated with a CDMA BTS 102 or a pilot 
beacon 105, is stored in a pilot database (PDB) accessible by CDMA BSC 106, 
and preferably located within CDMA BSC 106. In the preferred embodiment 
of the invention, these time offsets are synchronized to a known reference 

15 such as UTC time available on a Global Positioning System (GPS) signal, the 
use of which is well known in the art. Additionally, the set of GSM base 
stations located in close proximity to each pilot beacon 105 is also stored in 
the time offset database, or in another database that may be cross indexed 
with the time offset database.

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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BTS's 102. During such a telephone call subscriber unit 101 continues to 
search for pilot channels from both the set of CDMA BTS's 102 with which it 
is currently communicating, as well as from other CDMA BTS's 102 and 
pilot beacons 105. For each pilot channel detected, a pilot strength 

5 measurement is made. In the preferred embodiment of the invention, this 
strength measurement constitutes the sum of the ratios of pilot energy per 
chip, Ec, to the total received spectral density (noise and energy), Ic, for the 
set of multipath components associated with the particular pilot channel. 
Those skilled in the art will recognize various alternative measures of signal 

10 strength. Multipath refers to reflected "copies" of a forward link signal that 
are received by subscriber unit 101 which differ in strength and time and 
which are summed together for further processing, various techniques for 
which are also well known in the art.

When a pilot strength measurement report is received indicating that 
15 one or more particular conditions exist, CDMA-BSC 106 generates a set of 

signaling messages that cause subscriber unit 101 to establish a new RF 
interface with one of GSM BTS's 100, and to continue processing the call via 
that new wireless telecommunications interface. Additionally, CDMA-BSC 
106 causes the resources that had previously been processing the call within 

20 any CDMA BTS's 102 and itself to be released for processing a new call or 
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.

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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coupled to GSM-MSC 108 of FIG. 1. Data processing and service options 
system 210 exchanges traffic data with GSM-MSC 106, and BSC A-interface 
206 exchanges signaling data with GSM-MSC 106. In the preferred 
embodiment of the invention, the signaling data is transmitted between 

5 BSC A-interface 206 and GSM-MSC 108 using the ITU Signaling System 
Number 7 (SS7) transport protocol as specified in the GSM A-interface 
protocol, the use of which is well known in the art.

In the preferred embodiment of the invention, CDMA BTS's 102 and 
the systems within CDMA-BSC 106 communicate and exchange traffic and 

10 signaling data via the use of an internal BSS protocol in which fixed length 
data packets are exchanged among the various other systems via CDMA 
interconnect subsystem 200, or via direct routing between the two systems 
involved. CDMA interconnect subsystem 200 performs this routing via the 
use of an address contained in each fixed length data packet. Generally, a 

15 first system transmitting a data packet to a second system places the address 
of that second system in the data packet, and then provides that data packet 
to CDMA interconnect subsystem 200. In the case of some adjacent systems, 
such as selection subsystem 204 and data processing and service option 
system 210, data packets may be passed directly. A particular fixed length 

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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signal processing resources within service options systems 210. The 
processing performed by these signal processing resources include the 
vocoding and packetization of traffic data directed towards subscriber unit 
101, and the devocoding of traffic data generated by subscriber unit 101 and 

5 received by way of selection subsystem 204.
FIG. 3 is a message sequence diagram illustrating a set of messages 

exchanged between the various systems shown in FIG. 1 during the 
transition of subscriber unit 101 from CDMA to GSM-TDMA 
telecommunications service when performed in accordance with one 

10 embodiment of the invention. The vertical lines shown in FIG. 3 are each 
associated with the system identified in the box at the top of each line. The 
systems are subscriber unit 101, selector subsystem 204, call control processor 
202, data processing and service options system 210, BSC A-interface 206, 
GSM-MSC 108, and GSM-BSC 104. A horizontal arrow running between 

15 two vertical lines indicates the exchange of a signaling message between the 
associated systems. Time advances from top to bottom, so the higher up 
horizontal lines occur before those horizontal lines located lower down. 
Messages exchanged between subscriber unit 101 and selector subsystem 204 
actually pass through CDMA BTS 102, but are shown as a single lines 

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 CDMA 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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issued November 30, 1993 and assigned to the assignee of the present 
invention.

Within CDMA-BSC 106 selector subsystem 204 receives pilot each 
strength measurement report 300 and determines whether the associated 

5 pilot channel is from either a CDMA BTS 102 or pilot beacon 105 using the 
pilot database, which in the preferred embodiment of the invention is 
located within selection subsystem controller 203. Upon receipt of a pilot 
strength measurement report that indicates one of the predetermined 
conditions exists as described in detail below, selector subsystem 204 initiates 

10 a handover via the transmission of handover command 302 to BSC A- 
interface 206. BSC A-Interface 206 responds to handover request 302 by 
transmitting handover required 304 to GSM-MSC 108 which indicates the 
identity of subscriber unit 101 as well as one or more GSM-BSC's when 
subscriber unit 101 is located near as indicated in the offset database in a 

15 preferred order. Per the prior art operation of GSM-MSC 108, handover 
request 306 is transmitted to the one or more GSM-BSC's 106 specified in 
handover required 304 indicating the forward and reverse link GSM-TDMA 
channels over which the call should be conducted. GSM-BSC's respond by 
transmitting handover acknowledge 308 to GSM-MSC 108 and by starting a 

20 search for a GSM reverse link signal transmitted from subscriber unit 101.
Additionally, 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 process 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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interface 206. Upon receipt of BSSMAP clear 320, BSC A-interface initiates a 
resource release sequence which releases the resources within CDMA-BSC 
106 and any CDMA BTS's 102 associated with the call for processing another 
telephone call. It should be noted that the set of signaling messages 
generated and received by GSM-MSC 108 and GSM-BSC 104 are substantially 
in accordance with the prior art operation of such systems in the preferred 
embodiment of the invention.

In accordance with the exemplary embodiment of the invention 
described herein, subscriber unit 101 maintains a pilot parameter database 
(PPDB) to determine when strength measurement reports should be 
generated and transmitted to the selection subsystem 204 within BSC 106. 
The PPDB includes a list of pilot channels, associated pilot channel set 
categories, and pilot set threshold values T_ADD, T_COMP, TJDROP, and 
T_TDROP. The set of categories include an Active Set, a Candidate Set, a 
Neighbor Set, and a Remaining Set. The Active Set includes any pilots 
channels from a CDMA BTS 102 with which a bi-direction interface has been 
established. The Candidate Set includes pilot channels not in the Active Set, 
but which have been received with a pilot strength measurement above 
T_ADD. The Neighbor Set includes pilot channels which are not in the 
Active or Candidate Set, but which have been indicated as likely candidates 
for handoff by signaling messages from CDMA-BSC 106. The Remaining Set 
includes all other pilot channels in the system not in the Active, Candidate, 
or Neighbor Sets. The values of T_ADD, T_COMP, TJDROP, and 
TJTDROP are initially set to default values stored within subscriber unit 
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 reports to 
CDMA-BSC 106 when any of the following conditions occur:

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 
measurement report has not been sent with respect to this pilot 
channel since the last handoff directive was received;
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3) A handoff drop timer, also maintained within 
subscriber unit, expires and a pilot strength measurement report 
has not been sent since the last handoff directive or extended 
handoff directive was received; or

5 4) The strength of an Active Set member has been less
than T_DROP for a time interval T__TDROP.

Thus, in an exemplary position change from location A to location B, 
subscriber unit 101 will detect a pilot channel from pilot beacon 105 with 

10 increasing strength due to the reduced distance or reduced blockage. As the 
pilot strength measurement of the pilot channel from pilot beacon 105 first 
increases above T_ADD, subscriber unit 101 will add the pilot channel to the 
Candidate Set and generate a signal strength measurement report to CDMA- 
BSC 106. Then, as the strength measurement of the pilot channel increases 

15 to T_COMP x 0.5 dB above that of a pilot from a CDMA BTS 102 with which 
an RF interface has been established, subscriber unit 101 will transmit a 
second strength measurement report to CDMA BSC 104. Should the pilot 
channel strength of a pilot from one or more CDMA BTS's 102 fall below 
T_DROP for a time interval of T_TDROP during the transmission from 

20 location A to location B, subscriber unit 101 will also generate a pilot 
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 above. While this first embodiment causes the 
handover to GSM service to occur somewhat earlier than necessary, it 
prevents the CDMA link from substantially degrading 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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In a second embodiment of the invention, CDMA-BSC 106 monitors 
the pilot strength measurement reports for indication that the strength of 
the last pilot channel in the active set from a CDMA BTS 102 has fallen 
below T_DROP for time interval T_TDROP. When such an indication is 

5 received, CDMA_BSC 106 initiates the handover to GSM service as 
described above. This second embodiment is useful where it is desirable to 
maintain CDMA service for as long as possible before transitioning to GSM 
service. In a third embodiment of the invention, the handover procedure is 
also initiated when the strength of the last pilot channel in the active set 

10 from a CDMA BTS 102 has fallen below T_DROP for a time interval 
T.TDROP, however, the use of pilot beacons 105 is eliminated, and thus no 
strength measurements for pilot channels from a pilot beacon 105 are 
generated. This third embodiment is especially useful where installation of 
pilot beacons 105 is not feasible.

15 In additional embodiments of the invention, subscriber unit 101
utilizes an additional value T_HANDOFF which is also stored in the PPDB. 
Similar to the use of the other variables described above, a default value for 
T_HANDOFF is stored in subscriber unit 101, but the value T_HANDOFF 
may be changed via signaling messages transmitted from a CDMA-BSC 106.

20 In a first embodiment of the invention utilizing TJHANDOFF, 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, CDMA-BSC 106 initiates the handoff to GSM-TDMA 
service as described above. In this embodiment of the invention 
TJHANDOFF 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, CDMA-BSC 106 initiates the handoff to 
GSM-TDMA service as described above. In the preferred implementation of
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this embodiment, T_HANDOFF is greater than T_DROP, as it is desirable to 
perform the handoff before the CDMA service degrades to unacceptable 
levels. However, the use of a T_HANDOFF that is less than T_DROP is not 
inconsistent with the practice of the present invention.

5 By performing a handover in the various ways described above, CDMA 
wireless telecommunication service can be provided within a GSM 
telecommunications network, and in conjunction with GSM-TDMA 
wireless telecommunications service, in a manner that allows a subscriber to 
switch from one type of service to another during the course of a telephone 

10 call. This allows the wireless telecommunications service subscriber to 
receive the benefits of CDMA telecommunications service where such 
benefits are of greatest use, while also enjoying the complete mobility 
provided by a same service system. Additionally, the above described 
method and system allows the CDMA service to be introduced with little or 

15 no modification to the existing GSM infrastructure in that the commands 
and responses required by the GSM systems are those already performed 
during the course of a normal GSM to GSM inter system handover or hard 
hand-off. This allows the 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 limiting the scope of the 
invention which is set forth in the following claims.
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CLAIMS

1. A method of switching a subscriber unit in a wireless
2 telecommunications system from a code division multiple access

radio frequency signal interface to Global System for Mobile
4 communication time division multiple access radio frequency signal

interface during a telephone call comprising the steps of:
6 a) determining that the subscriber unit is in a

predetermined condition while in code division multiple access
8 mode; and

b) transmitting data to and from the subscriber unit in
10 accordance with Global System for Mobile communications over-the-

air interface.

2. The method as set forth in claim 1 further comprising
2 the steps of:

determining a strength for a set of pilot channels received by
4 the subscriber unit; and

generating a pilot strength measurement report indicating said
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 method 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;
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receiving a handover command from said Global System for 
Mobile communications mobile switching center; and

instructing the subscriber unit to transmit and receive signals 
,, in accordance with said Global System for Mobile communications 

time division multiple access over the air protocol.

6. A method for subscriber unit handover from code 
division multiple access wireless telecommunications service to 
Global System for Mobile communications time division multiple 
access wireless telecommunications service comprising the steps of:

a) exchanging data between the subscriber unit and a base 
transceiver station via radio frequency signals modulated in 
accordance with code division multiple access techniques;

b) determining that the subscriber unit is on a coverage 
edge;

c) notifying a Global System for Mobile communications 
base station that said subscriber unit requires service; and

d) instructing said subscriber unit to operate in accordance 
with Global System for Mobile communications time division 
multiple access standards.

7. The method as set forth in claim 6 wherein step b) 
comprises the steps of:

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

determining a strength of a pilot channel from a pilot beacon 
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 wherein step b) 
comprises the steps of:

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

determining that no pilot channel from a code division 
multiple access base station has been received at a strength above a 
value TJDROP for a time interval T_TDROP.
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9. A method for operating a subscriber unit in a wireless
2 telecommunications system comprising the steps of:

a) searching for code division multiple access pilot
4 channels;

b) transmitting strength measurement messages which
6 indicate a pilot strength measurement of each pilot channel received

and source indication information; and
8 c) transmitting and receiving data in accordance with

Global System for Mobile communications signal processing
10 techniques when a handover command is received.

10. The method as set forth in claim 9 wherein step b) is
2 performed when a pilot channel associated with a base station with

which an interface is established is detected at a strength T_DROP for
4 a time interval T_TDROP.

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 pilot beacons for generating a
8 pilot channel indicating an edge of a code division multiple access

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
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
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received at a strength at least T_COMP above a strength from a pilot 
channel from a code division multiple access base station.

13. The cellular telephone system as set forth in claim 11 
wherein said code division multiple access base station controller 
generates said signaling messages when a pilot strength measurement 
report indicates that no pilot channel from said code division 
multiple access base station has been received at a signal strength 
above T_DROP for a time interval T_TDROP.

14. The cellular telephone system as set forth in claim 13 
wherein T_DROP and T_TDROP are values provided by said code 
division multiple access base station controller.

15. The cellular telephone system as set forth in claim 12 
wherein T_COMP is a value provided by said code division multiple 
access base station controller.

16. The cellular telephone system as set forth in claim 11 
wherein, said subscriber unit generates strength measurement reports 
when a pilot channel from said code division multiple access base 
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 
beacon has been received at a strength above a value TJHANDOFF; 
and

said code division multiple access base station controller 
generates said signaling messages when a power strength 
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 
T.HANDOFF is greater than T_DROP.
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