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(57) ABSTRACT 

A method and system for mobile assisted handoff between 
base stations using different carrier frequencies in a Code 
Division Multiple Access (CDMA) cellular system. In the 
method and apparatus, a mobile station performs handoff 
measurements on forward link transmissions of handoff can 
didate CDMA base stations, where the forward link trans 
missions are transmitted on a carrier frequency that differs 
from the forward link carrier frequency of the current base 
station. The handoff measurements are performed during 
selected transmission frames that define transmission peri 
ods on the reverse link by the mobile station. During the 
measurement time in the selected transmission frame, the 
mobile station does not receive (punctures) data sent to it on 
the forward link and does not transmit data on the reverse 
link. 

18 Claims, 4 Drawing Sheets 

SYSTEM B 

PILOT 
BB1 

PILOT 
f3 V7 

MSS 

  



U.S. Patent Jul. 7, 2009 Sheet 1 of 4 US RE40,824 E 

SYSTEM A SYSTEM B 
y ? 

y f2 f3 
PILOT 4NS PILOT N 1 

AND TRAFFIC - Y - 

N PILOT PILOT 16 2. & BB2 

FIC. 1 

302 
310 

On troffic channel 
in O CDMA Chonnel 

Receives an MNML 
with MAHHO 
intervol timer 

MAHHO intervol 
timer expires 

308 

NO ot 1/8 Rate, 

Woit for lost volid PCG 

Tunes to new freq 
SYNTH in FAST mode 
TX=OFF, Save Tx Pwr 
Rx AGC=OFF 

SYNTH cFAST mode 
T-OFF 
Rx AGC=FAST node 
SYNTHESLOW mode 
T=OFF 
Rx-AGC=SLOW mode 
SEARCHON 

Tunes to old freq 
SYNTH in FAST node 
Tx=OFF, RxAGC=FAST mode 
SEARCH=ON in BKC 

504 
512 

306 
314 

316 

3.18 

Tx=On, Restore Tx Pwr 
SYNTH SLOY node 
Rx AGC=SLOW mode Frencuency 

error K 500 Hz 

Mobile on CDMA Troffic 
channel, Sends 
MPSM message 

  

    

  

  

  

  

  

  

  

  

  

    

  

  

  

  

  

  

  

  

  

  

  

    

  



US RE40,824 E Sheet 2 of 4 Jul. 7, 2009 U.S. Patent 

  

  

  

  



U.S. Patent Jul. 7, 2009 Sheet 3 of 4 US RE40,824 E 

576 code symbols = -> 92 bits 
-- 20 ms = { modulation symbols = 16 Power Control Groups 

12 bits = 56 code symbols = : 
1.25 mS = modulation symbols = 1 Power Control Group 

6 
4800 b 

2 12 13 4 15 O 1 3 4 5 6 7 8 9 0 11 12 13 14 5 
q2400 bps frame 4O6 

thFRAME 1. 12 13 14 15 O | 1 || 2 || 3 || 4 || 5 || 6 || 7 || 8 || 9 || 0 | 11 2 3 14 15 
1200 bps frame 

418- PCG2 PCGS PCG4 PCG5 PCG6 PCG7 PCG8 PCG9 PCG10 PCG11 
time -- Void 

os- PC bit TX ON 
GATE-OFF 

40 
Ya FAST if 

SYNTH Old Frequency FAST NORMAL FAST Nee de Old Freq 
412 
N 

TX AGC Old Frequency OSABLED (iii) Old Freq 
414 
Na 

RX AGC NORMA NORMAL Old Freq 
416 
Y SEARCHEROld Frequency"SS", "E. ContSearch in Background 

New Frequency 
Active SeOrch Time 

FIC 4 (to next frame if needed) 

ps frome 

t (to next frame if needed) 

  

  

    

  

  



U.S. Patent Jul. 7, 2009 Sheet 4 of 4 US RE40,824 E 

FIC. 5A 

PILOT INC 
CDMA FREQ 
USETIME 
ACTION TIME 
AVERSRCHPRIOD 
SRCHDSABLE 

One Or more occurence of 
the following record: 

NGHBRPN 9 
SRCH WIN FIG. 5B 
RESERVED 0-7 (as needed) Field Length (bits) 

MSC TYPE (0000110) 8 
ACQ SEQ 
MSG SEQ 3 
ACO REC 

ENCRYPTION 2 
CDMA FREQ ll 
NOSUPPORT 1. 
REF PIN 
PILOT STRENGTH s 
CDMA SIG STRENGTH 
KEEP 

Zero or more occurence of the following record: 
PILOT PNPHASE 
PILOT STRENGTH s 
KEEP 

RESERVED 0-7 (as needed) 

  

  

  



US RE40,824 E 
1. 

MOBILE STATION HANDOFF BETWEEN 
DIFFERENT CDMA FREQUENCIES 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica- 5 
tion; matter printed in italics indicates the additions 
made by reissue. 

This application is a continuation of U.S. application Ser. 
No. 08/915,998, filed Aug. 21, 1997 now U.S. Pat. No. 10 
6,078,570. 

FIELD OF THE INVENTION 

The present invention relates to handoff techniques in cel 
lular telecommunication systems, and, more particularly, to 
a method and apparatus for mobile assisted handoff between 
different frequencies in a Code Division Multiple Access 
(CDMA) cellular system. 

15 

BACKGROUND OF THE INVENTION 2O 

Each base station in a cellular system provides a radio 
interface to mobile stations within a particular area or Zone 
of the system generally referred to as a cell. Each base sta 
tion is in communication with a mobile Switching center 
which may switch calls from one base station to another base 
station and connects the base station with the local phone 
system over landlines or connects the base station with 
another cellular telephone system. One of the most critical 
functions associated with mobile telephone use in a cellular 
system is the transfer of calls from one base station to 
another as the user travels from one cell to an adjoining cell. 
This transfer of call control is commonly known as handoff. 
As the mobile telephone moves through a cell, the 

strength of its transmitted signal will vary depending on its is 
distance from the base station. The base station's range 
within its cell is designed to drop off rapidly as the coverage 
range of its cell is reached. If a mobile telephone leaves a cell 
during ongoing communication and moves into a different 
cell, it is necessary that a new base station be selected with- a 
out any disturbance to the communication. In early analog 
systems, the current base station monitored the strength of 
the signal emanating from the mobile telephone. As the sig 
nal strength lowered to critical levels, a search was con 
ducted of neighboring base stations to determine which base as 
station was receiving the strongest signal from the moving 
mobile telephone. The switching center would then instruct 
the mobile telephone through the current base station to 
change to the necessary parameters of the new base station 
and handoff occurred. 50 

In more recent Time Division Multiple Access (TDMA) 
systems where users are each assigned unique time slots on a 
frequency channel, the mobile stations are designed to mea 
Sure the strength of certain signals transmitted by Surround 
ing base stations during timeslots when communications are 55 
inactive and transmit this information back through the base 
station to the Switching center. This provides the Switching 
center with the information necessary to decide when and to 
what base station a particular mobile telephone must be 
Switched in order to maintain communication. This tech- 60 
nique is called Mobile Assisted Handoff (MAHO). 
The most recent type of cellular technology to be devel 

oped is Code Division Multiple Access (CDMA). In a 
CDMA type system multiple users, each using a channel 
identified by a uniquely assigned digital code, simulta- 65 
neously communicate with the system while sharing the 
same wideband frequency spectrum. A CDMA system may 
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2 
be designed so that all base stations share the entire down 
link frequency spectrum and all mobile stations share the 
entire uplink frequency spectrum. In a CDMA system, then, 
handoff may be necessary between base stations using the 
same frequencies. This is known as “soft handoff. In soft 
handoff a mobile station in transition from one base station 
to another transmits and receives the same signal from both 
base stations simultaneously. In a CDMA receiver a rake 
receiver can be used to isolate the signals received at the 
mobile station from each base station and align them both in 
time and phase to reinforce one another on the base-to 
mobile link. On the reverse link a mobile switching center 
connected to both base stations resolves which base station 
is receiving the stronger signal and selects the signal from 
that base station for the call. 

In a CDMA system soft handoff may not always be pos 
sible. In these cases hard handoff is used. Hard handoff is 
handoff in which a temporary disconnection of the commu 
nication path (i.e., traffic channel) between a mobile station 
and a base station takes place. Hard handoffs occur when the 
mobile station is transferred between disjoint active sets, the 
CDMA frequency assignment changes, the frame offset 
changes, or the mobile station is directed from a CDMA 
traffic channel to an analog Voice channel. Hard handoff is 
distinct from soft handoff wherein communications with a 
new base station is commenced on the same CDMA fre 
quency assignment before the communications with the old 
base station are terminated. Hard handoff presents some dif 
ficulties in CDMA systems. In general, in a CDMA system a 
user is assigned all data transmission frames at a CDMA 
traffic channel sequentially in time. In mobile assisted hard 
handoff, since the frequencies differ between the systems 
involved, it would be necessary to use a separate receiver to 
make handoff measurements at the mobile station, if the 
mobile assisted handoff were to be noninterfering with 
ongoing communications. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a Code 
Division Multiple Access (CDMA) cellular system that per 
mits Mobile Assisted Handoff (MAHO) between CDMA 
base stations that use different carrier frequencies by per 
forming periodic searches of the different carrier frequency 
base station pilots. 

Another object of the present invention is to provide a 
mobile CDMA cellular system wherein the mobile tele 
phone searches for the base stations on a different carrier 
frequency without significant degradation in System perfor 
aCC. 

The present invention provides a method and system for 
mobile assisted hard handoff (MAHHO) between base sta 
tions using different carrier frequencies in a Code Division 
Multiple Access (CDMA) cellular system. In the method 
and apparatus, a mobile station performs periodic handoff 
measurements on forward link transmissions of handoff can 
didate CDMA base stations, where the forward link trans 
missions are transmitted on a carrier frequency that differs 
from the forward link carrier frequency of the current base 
station. The handoff measurements are performed during 
selected transmission frames that define transmission peri 
ods on the reverse link by the mobile station. During the 
measurement time in the selected transmission frame, the 
mobile station does not receive (puncture) data sent to it on 
the forward link and does not transmit data on the reverse 
link. 

In an embodiment of the invention, transmission frames 
including data that are being transmitted at a selected 
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reduced rate are used as the selected transmission frames for 
mobile station handoff measurements. The position of the 
measurement periods within the selected transmission 
frames may be chosen to minimize the amount of data that is 
not transmitted and lost on the reverse link during the mea 
Surement period. The position of the measurement period 
may also be chosen so that disturbance of other functions of 
the system, Such as, for example, mobile station power con 
trol from a base station, is minimized. During the measure 
ment periods the mobile station punctures the received data 
stream that is transmitted to the mobile station on the for 
ward link. 

The handoff measurements may occur periodically. In one 
alternative that may be used for variable data rate 
transmissions, such as a voice call using a variable rate 
coder, a periodically expiring timer causes the next transmis 
sion frame that includes data at the selected reduced rate, 
Subsequent to the timer's expiration, to be chosen as the 
transmission frame for handoff measurements. In another 
alternative that may be used for data transmissions having a 
data role settable independent of the application, the data 
transmission rate is periodically forced to a selected reduced 
rate in both the base station and mobile station, and the 
handoff measurements are periodically performed during the 
transmission frames that include the data at the selected 
reduced rate. 

In an alternative embodiment of the invention, the 
selected transmission frames for mobile-station handoff 
measurements may be chosen periodically but without 
regard for the data rate of the selected transmission frame. In 
this embodiment the handoff measurements are performed 
during the selected transmission frames on the reverse link 
with no attempt to optimize the position of the measurement 
period within the selected transmission frame. Data to be 
transmitted on the reverse link during the selected transmis 
sion frame is not transmitted and lost. In this embodiment 
the mobile station punctures the received data stream that is 
transmitted to the mobile station on the forward link. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other and further features, advantages and benefits of the 
invention will become apparent in the following description 
taken in conjunction with the following drawings. It is to be 
understood that the foregoing general description and the 
following detailed description are exemplary and explana 
tory but are not to be restrictive of the invention. The accom 
panying drawings, which are incorporated in and constitute a 
part of this invention, together with the description, serve to 
explain the principles of the invention in general terms. Like 
numerals refer to like parts throughout the disclosure. 

FIG. 1 is a block diagram illustrating an inter-frequency 
handoff scenario in a CDMA cellular system; 

FIG. 2 is a block diagram showing portions of a CDMA 
mobile station according to an embodiment of the invention; 

FIG. 3 is a flow diagram illustrating handoff measurement 
process steps according to an embodiment of the invention; 

FIG. 4 is a timing diagram illustrating reverse link trans 
mission and handoff measurement timing according to an 
embodiment of the invention; and 
FIGS.5A and 5B illustrate configurations for a MAHHO 

Neighbor List Message (MNLM) and a MAHHO Pilot 
Strength Measurement (MPSM) Message. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring now to FIG. 1, therein is a block diagram illus 
trating an inter-frequency handoff scenario in a CDMA Cel 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
lular Network. System A comprises base stations BA1 and 
BA2 and System B comprises base stations BB1 and BB2. 
Mobile station MS1, MS2 and MS3 are capable of operation 
in either System A or System B. System A uses carrier fre 
quency f. for base-to-mobile (forward) link and frequency f. 
for mobile-to-base (reverse) link communications with 
mobile stations, such as MS1 and MS2 operating within 
system A. System B uses carrier frequency f. for forward 
link and carrier frequency f. for reverse link 
communications, with mobile stations such as MS3, operat 
ing within system B. In FIG. 1, MS1 is located near the 
coverage boundary between System A and System B. MS1 
is engaged in communications with base station BA1 on 
traffic channels of forward link f and reverse link f of 
System A. At the same time the signal strength of signals 
received on the forward link f of System B has become 
strong enough to be received at MS1. In the method and 
apparatus of the invention, the pilot channels of base stations 
of System B that are transmitted on the forward link f3, are 
measured by MS1 as MS1 is simultaneously engaged in 
communications with System A on forward link f and 
reverse link f. In the embodiment of the invention, cellular 
Systems A and B and mobile stations MS1, MS2 and MS3 
may operate according to the Telecommunications Industry 
Association (TIA/EIA) IS-95A or ANSI-008 Standard for 
CDMA systems. An exception is that the necessary signaling 
modifications are made to the air interface to allow the 
mobile assisted hard handoff of the invention. 

Referring now to FIG. 2, therein is a functional block 
diagram showing portions of a CDMA mobile station MS1 
according to an embodiment of the invention. MS1 com 
prises antennas 202, RF receiver (RX) 204, rake receiver 
220, Buffer 222, Searcher 224, Viterbi decoder 226, digital 
signal processing/microprocessor (DSP/MCU) 228, ear 
piece (EAR) 238, microphone (MIC) 240, transmit control 
(TXCTL) 218, encoder (ENCODE) 216, modulator/ 
spreader (MODUL/SPREAD) 214, gating control 212, RF 
transmitter (TX) 210, synthesizer 206 and mobile assisted 
hard handoff control (MAHHO CTL) 208. DSP/MCU 228 
includes MAHHO processor 236, vo-coder 234, MAHHO 
pilot measurement message processor 230, and pilot mea 
Surement message processor 232. 

Signals received at antenna 202 are converted to an IF 
frequency, filtered and digitized by RX 204 and then input to 
rake receiver 220. Synthesizer 206 has a fast and a slow 
mode. MAHHO CTL 208 controls selection of fast and slow 
mode through signals SYNTH FAST and SYNTH SLOW. In 
an IS-95 embodiment where synthesizer 206 must be com 
patible with narrow-band AMPS, synthesizer 206 may oper 
ate with three center loops, each having a different loop gain. 
In the CDMA mode synthesizer 206 operates in either fast or 
slow (normal) mode. In order to implement the embodiment 
of the invention where MAHHO measurements are made 
within selected transmission frames on the reverse link, Syn 
thesizer 206 will settle to within 300 kHz of the frequency in 
less than 1 ms when in the fast mode. RX 204 has a fast 
automatic gain control mode and a slow (normal) automatic 
gain control mode. MAHHO CTL 208 controls the selection 
of fast or slow automatic gain control through signals, AGC 
fast and ACG slow. In the fast mode the automatic gain 
control has a step size of 2 dB and a threshold at 0.25 dB. 
This allows the automatic gain control to settle to the signal 
step change of +/40 dB, within 1 ms. The slow modes for 
synthesizer 206 and RX 204 automatic gain control may be 
normally used for IS-95 mobile stations. The digitized IF 
signal input to rake receiver 220 may include signals from 
many ongoing calls together with pilot carriers transmitted 
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by the base station with which the mobile station is currently 
communicating, plus pilot carriers transmitted by neighbor 
ing base stations. The signals that are received simulta 
neously must all be transmitted at the same forward link 
carrier frequency. Rake receiver 220 performs correlation on 5 
the IF signal with a PN sequence of a desired received sig 
nal. Searcher 224 scans the time domain around the nominal 
time of a received pilot signal of a base station for other 
multi-path pilot signals from the same base station and for 
other signals transmitted from different base stations. 
Searcher 224 measures the strength of these other signals at 
times other than the nominal time. Searcher 224 generates 
signals to MAHHO pilot processor 230 and pilot processor 
232 indicating the strengths of the measured signals. The 
output of rake receiver is input to Viterbi decoder 226. The is 
encoded data signals are aligned and combined and the 
resultant data signal is then decoded using error correction 
and input to vo-coder 234. Vo-coder 234 then outputs infor 
mation signals to earpiece 238. 

For transmission of signals from mobile station MS1, a 20 
signal received at microphone 240 or data input 242 is input 
to vo-coder 234 in digital form, as, for example, fax data 
received at data input 242, or as voice that has been received 
at microphone 240 and digitized. In vo-coder 234 the signal 
is processed and output to encoder 216. Encoder 216 Walsh as 
encodes the signal. From encoder 216 the Walsh encoded 
signal is fed to module spreader 214 where it is modulated 
and spread onto the PN carrier sequence or the CDMA 
reverse link system channel to which MS1 is assigned. The 
modulated signal is input to TX 210 for transmission from 30 
antenna 202. 
MAHHO processor 236 of DSP/MCU processor 228 pro 

vides control signals to MAHHO CTL 208 from DSP/MCU 
228. MAHHO CTL 208 controls synthesizer 206, RX 204, 
buffer 222 and searcher 224 during MAHHO. TXCTL 218 35 
provides a control signal to gating control 212 during 
MAHHO. 

Referring now to FIG. 3, therein is shown a flow diagram 
illustrating the handoff measurement process steps accord 
ing to the embodiment of the invention. The process shown 40 
in FIG. 3 is described with reference to FIG. 1 and an 
example of MAHHO for mobile station MS1 handing off 
from Base Station BA1 to base station BB1. The process 
begins at step 302 in FIG.3 as mobile station MS1 commu 
nicates with base station BA1 on forward link f and reverse 45 
link f, traffic channels of System A. At step 304 mobile 
station MS1 receives a MAHHO Neighbor List Message 
(MNLM) with MAHHO interval timer information from 
base station BA1 on the traffic channel. The MNLM mes 
sage is transmitted by BA1, when a mobile station is operat- 50 
ing in the coverage area of base station BA1 because the 
coverage area of base station BA1 borders System B which 
uses different frequencies. FIG. 5A illustrates a possible 
configuration for the MNLM message. Message type 
(MSG TYPE) field indicates that the message is an MNLM 55 
message Acknowledgement Sequence (ACK SEQ) field. 
The sequence number is set by the base station to the mes 
sage sequence (MSG SEQ) of the most recently received 
reverse traffic channel message. The MSG SEQ of this 
MNLM message is set by the base station to the message 60 
sequence number for this message. Acknowledgment 
required (ACK REQ) field indicates whether an acknowl 
edgment is required for this message. The ENCRYPTION 
field is set to the current message encryption mode. The pilot 
increment (PILOT INC) field indicates the pilot PN 65 
sequence offset index increment. The mobile station 
searches for remaining, set pilots at pilot PN sequence offset 

6 
index values that are multiples of this value. CDMA fre 
quency (CDMA FREQ) field indicates the frequency 
assignment for the MAHHO measurement. The use time 
(USE TIME) indicator field indicates whether an action 
time (ACTION TIME) is specified for a data call. If the 
USE TIME field indicates an ACTION TIME is specified, 
the ACTION TIME field is set to the system time, in units 
of 80 ms (module 64), at which the frequency specified in 
the CDMA FREQ will be searched to set the MAHHO 
internal timer. The average search period (AVER-SRCH 
PRIOD) field specifies the average period at which the 
mobile station will perform the search of the frequencies for 
MAHHO when on a voice call. The search disable (SRCH 
DISABLE) field indicates whether a search of the MAHHO 
CDMA FREQ is disabled or that the mobile station is per 
mitted a periodic search when on a voice call. The (SRCH 
WIN) fields are used to indicate the PN offset and search 
window to be used for each neighbor pilot of the CDMA 
FREQ neighbor set specified in the MNLM message channel 
to be searched. NGHBR PN and SRCH WIN are repeated 
as necessary. 
The MNLM message is processed by DSP/MCU 228. 

DSP/MCU 228 stores necessary information in memory, and 
configures MAHHO CTL 208 to implement MAHHO 
according to the MNLM message. The MAHHO interval 
timer is set to the value indicated in the MNLM message 
appropriate for the situation. If MS1 is involved in a voice 
call as in FIG. 3, and an AVER SRCH PRIOD has been 
specified along with SRCH DISABLE set to indicate that a 
periodic search is allowed, the MAHHO interval timer is set 
to the value specified AVER SRCH PRIOD. If MS1 is 
alternatively involved in a data call, and USE TIME is 
enabled, the MAHHO interval timer would be set to the 
value specified in ACTION TIME. Throughout steps 302 
and 304 MS1 has remained on the call. 

Referring now to FIG. 4, therein is shown a timing dia 
gram illustrating reverse link transmission and handoff mea 
Surement timing according to the embodiment of the inven 
tion. FIG. 4 shows an example of transmission frame timing 
in sequences 400, 402,404 and 406, for full rate (9600 bps), 
half rate (4800 bps), quarter rate (2400 bps) and eighth rate 
(1200 bps), respectively. FIG. 4 also shows MAHHO timing 
in sequences 408, 410, 412, 414 and 416, for the TX 210, 
synthesizer 206, TX 210 automatic gain control, RX 204 
automatic gain control and searcher 224, respectively. While 
MS1 is on the call each data frame output from variable rate 
vo-coder 234 is at one of full, half, one-quarter or one-eighth 
data rates as shown in sequences 400–406. 

Next, at step 306, the MAHHO interval timer expires. At 
step 308, in response to the MAHHO interval timer expiring 
MAHHO CTL 208 monitors transmission frames output 
from vo-coder 234. When it is determined that the first /8 
transmission frame has been output by vo-coder 234, the 
gate-off period of the transmission frame is checked to deter 
mine the maximum amount of time that is available for per 
forming the MAHHO measurements during the transmis 
sion frame. 

If a determination is made at method step 308 that the 
gate-off period is greater than gate-off min, the process 
moves to step 310. If, however, a determination is made that 
the gate-off period is not greater than gate-off min, the pro 
cess returns to step 308 and waits for the next /s rate trans 
mission frame to be output from vo-coder 234. Step 308 is 
performed once or is repeated until the first transmission 
frame having /s data rate and a gate-off period greater than 
gate-off min is found, and then the process moves to step 
310. Alternatively, if MS1 is involved in a data call, the step 
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at 308 may be replaced with a step in which DSP/MCU 228 
forces the output of Vo-coder 234 to /s rate with the appro 
priate gate-off period. Once the data rate has been forced to 
/s rate, the process then moves to step 310. At step 310, 
MAHHO CTL 208 waits for the last valid power control 
group to be transmitted in the /8 rate transmission frame 
from BA1. In FIG. 4 step 310 occurs two PCGs after PCG2 
of sequence 418, i.e., the first occurrence of data transmis 
sion in transmission frame 406. The process now moves to 
step 312. Step 312 occurs during PCG5 of FIG. 4. In step 
312, at the beginning of PCG5, synthesizer 206 is set to fast 
mode, TX 210 is gated off, the automatic gain control of RX 
204 is tuned off, and searcher 224 is either off, or 
alternatively, searching the current frequencies (System A 
frequencies) in the background. The automatic gain control 
of TX 210 is disabled and the current TX 210 closed loop 
value is stored. Next, the process moves to step 314. Step 
314 occurs at the beginning of PCG6 where the automatic 
gain control of RX 204 is set to the fast mode to allow the 
automatic gain control to track an input signal step change of 
more than 40 dB. The automatic gain control open loop esti 
mate of RX204 is also stored. 

The process now moves to step 316. Step 316 occurs dur 
ing PCG7 at FIG. 4. In step 316, at the beginning of PCG7, 
the automatic gain control of RX 204 is set to slow mode, 
and synthesizer 206 is set to slow mode, and searcher 224 
begins loading buffer 222 with new frequency samples and 
starts searching the PN pilots in the new frequency band. 

Next the process moves to step 318. Step 318 occurs dur 
ing PCG8 of FIG. 4. At the beginning of PCG8, synthesizer 
206 is set to fast mode to allow RX 204 to tune to the fre 
quency band of System A and the automatic gain control of 
RX 204 is set to the fast mode to allow RX 204 to track the 
input step change. The automatic gain control open loop 
estimate of RX 204 stored in Step 314 is restored at this 
point. Searcher 224 continues the search of the new fre 
quency band in the background from data stored in buffer 
222. 

Next, the process moves to step 322. Step 322 occurs 
during PCG9 of FIG. 4. At the beginning of PCG9, the fre 
quency error is checked to determine whether synthesizer 
206 is settled to within a predetermined range of the fre 
quency f. of System A. If synthesizer 206 has settled to 
within the predetermined range, the process moves to step 
326. If, however, it is determined at step 322 that synthesizer 
206 has not settled to within the predetermined range, the 
process moves to step 324. At step 324 the automatic gain 
control of RX 204 is set to the slow mode. The process then 
waits one PCG and then moves back to step 322. At step 322 
a determination is again made as to whether synthesizer 206 
has settled to within the predetermined frequency range. The 
process will repeat step 324 and 322 as many times as neces 
sary for the synthesizer frequency error to settle. 

In the example of FIG. 4, one iteration of step 324 is done 
in PCG10. When the synthesizer settles, the process moves 
to step 326. Step 326 occurs during PCG 11 in FIG. 4. At the 
beginning of PCG 12, TX 210 is gated on, power is restored 
to TX 210, synthesizer 206 is switched to slow mode, and 
the automatic gain control of RX 204 is set to slow mode if it 
is not already set to slow mode. TX 210 automatic gain 
control is restored and added to the last valid TX level. MS1 
may then restore open and closed loop transmit power with 
out incurring any TX power error. 
The second portion of the data transmission during the 

transmission from MS1 now occurs in PCG11. The process 
now moves to step 328. At step 328, MS1 transmits the 
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8 
MAHHO pilot strength measurement message (MPSM) to 
base station BA1. FIG. 5B illustrates a possible configura 
tion for the MPSM message. The message type (MSG 
TYPE) field indicates that the message is an MPSM mes 
sage. Acknowledgement sequence (ACK SEQ) field is set 
by the mobile station to the (MSG SEQ) field of the most 
recently received formal traffic channel message requiring 
acknowledgment. The message sequence (MSG SEQ) field 
is set by the mobile station to the message sequence number 
for this field. The acknowledgment required (ACK REQ) 
field indicates whether an acknowledgment is required for 
this message. The encryption field is set to the current mes 
sage encryption mode. The CDMA frequency (CDMA 
FREQ) field indicates the frequency assignments for which 
the MAHHO measurements were performed. The no sup 
port (NO SUPPORT) field is used to indicate that the 
mobile station does not support MAHHO. The reference PN 
(REF PN) field is set to the PN sequence offset of the pilot 
used by the mobile station to derive its time reference, rela 
tive to the Zero offset pilot PN sequence. The pilot strength 
(PILOT STRENGTH) field is set to indicate the strength of 
the pilot used by the mobile station to derive its time refer 
ence. CDMA signal strength (CDMA SIG STRG) is set 
to indicate the CDMA signal strength on the new frequency 
in dBm relative to the received signal strength of the current 
CDMA frequency. KEEP indicates whether the handoff drop 
timer corresponding to the pilot used by the mobile to derive 
its time reference has expired. The pilot PN phase (PILOT 
PN PHASE) and pilot strength (PILOT STRENGTH) 
fields are used to indicate the pilot measured phase and pilot 
strength of each measured pilot. PILOT PN PHASE and 
PILOT STRENGTH are repeated, as necessary, for each 
pilot measured. 

In an alternative embodiment, the MAHHO process may 
be done periodically upon the expiration of the MAHHO 
interval timer, without waiting for a /s rate transmission 
frame in which to make the MAHHO measurements. After 
the MAHHO interval timer expires similarly to Step 306. In 
this embodiment TX 210 is gated off they next reverse link 
transmission frame, or a number of frames while MAHHO 
measurements are made. Forward link transmissions are also 
punctured during this measurement period. This embodi 
ment may be more Suited to mobile stations constructed 
similarly to MS1 at FIG. 2 that lack RX 204's automatic gain 
control fast mode (AGC FAST) and synthesizer 206's fast 
mode (SYNTH FAST) and that would not be able to perform 
measurements fast enough to utilize the gate-off period of a 
transmission frame as described for the previous embodi 
ment. During the measurement period synthesizer 206 tunes 
to the search frequency. TX 210 is disabled, RX 204 receives 
the search frequency with normal automatic gain control, 
and searcher 224 searches the new frequency once RX 204 
and synthesizer 206 have settled. When the measurements 
are completed RX 204 and synthesizer 206 return to the 
current frequency and TX 210 is enabled. Searcher 224 may 
continue searching in the background. Data lost on both the 
forward and reverse link during the measurement period 
may be recovered by normal methods. 
What has been described is a method and apparatus for 

mobile assisted handoff between different frequencies in a 
Code Division Multiple Access (CDMA) mobile cellular 
telephone system wherein the mobile telephone searches for 
the base stations on a different carrier frequency without 
significant degradation in System performance. 
While the invention has been described in connection with 

a preferred embodiment, it is not intended to limit the scope 
of the invention to the particular form set forth, but, on the 
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contrary, it is intended to cover such alternatives, 
modifications, and equivalents as may be included within the 
spirit and scope of the invention as defined in the appended 
claims. 
What is claimed is: 
1. A method for handoff of a mobile station from a first 

base station to a second base station in a telecommunications 
system, and wherein a plurality of transmission frames are 
transmitted from the first base station to the mobile station 
on a first frequency, said method comprising the steps of 

transmitting a plurality of transmission frames from the 
first base station to the mobile station on a first fre 
quency) 

receiving a first at least one data transmission frame of 
said plurality of transmission frames at the mobile sta 
tion; and 

performing measurements on transmissions received from 
the second base station on a second frequency, wherein 
said measurements are performed during a time period, 
said time period including a time when a second at least 
one transmission frame of said plurality of transmission 
frames is transmitted to the mobile station and at least a 
portion of said second at least one transmission frame 
of said plurality of transmission frames is punctured 
and not received at the mobile station. 

2. The method of claim 1, wherein said plurality of trans 
mission frames comprises a first plurality of transmission 
frames, and wherein said method further comprises the step 
of generating a second plurality of transmission frames at 
the mobile station, said second plurality of transmission 
frames for transmission to the first base station, and wherein 
said time period during which said measurements are per 
formed in said step of performing further includes a time 
when at least one transmission frame of said second plurality 
of transmission frames is to be transmitted from the mobile 
station to the first base station, and at least a portion of said 
at least one transmission frame of said second plurality of 
transmission frames is punctured and not transmitted from 
the mobile station to the first base station. 

3. The method of claim 2, wherein said measurements 
performed in said step of performing are performed 
according to timing information transmitted to the mobile 
station from the telecommunications system. 

4. The method of claim 2, wherein said method further 
includes the step of selecting said time period during 
which said measurements are performed based on the data 
rate of said at least one transmission frame of said second 
plurality of transmission frames. 

5. The method of claim 4, wherein said time period is 
selected based on a determination that the data rate of said at 
least one transmission frame of said second plurality of 
transmission frames is less than a predetermined data rate. 

6. A method for handoff of a mobile station from a first 
base station to a second base station in a telecommunications 
system, said method comprising the steps of: 

generating a plurality of transmission frames in the 
mobile station, said plurality of transmission frames for 
transmission to the first base station on a first fre 
quency: 

determining a selected at least one transmission frame 
from said plurality of transmission frames; and 

performing measurements on a transmission from said 
second base station on a second frequency during a 
time period when at least a portion of said selected at 
least one transmission frame is to be transmitted to the 
first base station, wherein said at least a portion of said 
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selected at least one transmission frame is punctured 
and not transmitted to the first base station. 

7. The method of claim 6, wherein said step of determin 
ing a selected at least one transmission frame comprises 
determining a selected at least one transmission frame hav 
ing a data rate less than a predetermined data rate. 

8. The method of claim 6, wherein said step of selecting 
is performed determining further includes determining said 
selected at least one transmission frame according to timing 
information transmitted to the mobile station from the tele 
communications system. 

9. A system for performing Mobile Assisted Hard Handoff 
(MAHHO) comprising: 

a first base station comprising a transmitter for transmit 
ting a plurality of transmission frames on a first fre 
quency: 

a second base station comprising a transmitter for trans 
mitting transmissions on a second frequency; 

a mobile station, including a receiver for receiving a first 
at least one transmission frame of said plurality of 
transmission frames from said first base station, said 
mobile station further including a MAHHO apparatus 
for performing measurements on said transmissions 
from said second base station, wherein said measure 
ments are performed during a time period, said time 
period including a time when a second at least one 
transmission frame of said plurality of data frames is 
transmitted from said first base station to said mobile 
station, and at least a portion of said second at least one 
transmission frame of said plurality of data frames is 
punctured and not received at said mobile station. 

10. The system of claim 9, wherein said plurality of trans 
mission frames comprises a first plurality of transmission 
frames and said mobile station further comprises a processor 
for generating a second plurality of transmission frames. 
said second plurality of transmission frames for transmission 
to the base station, and wherein said time period during 
which said MAHHO apparatus performs said measurements 
on said transmissions from the second base station further 
includes a time when at least one transmission frame of said 
second plurality of transmission frames is to be transmitted 
from the mobile station to the first base station, and at least a 
portion of said at least one transmission frame of said second 
plurality of transmission frames is punctured and not trans 
mitted from the mobile station to the first base station. 

11. The system of claim 10, wherein said MAHHO appa 
ratus performs said measurements performed in said step of 
performing are performed according to timing information 
transmitted to the mobile station from the first base station. 

12. The system of claim 10, wherein said MAHHO appa 
ratus selects said time period during which said measure 
ments are performed based on the data rate of said at least 
one transmission frame of said second plurality of transmis 
sion frames. 

13. A mobile station for providing handoff from a first 
base station to a second base station, said mobile station 
comprising: 

a processor for generating a plurality of transmission 
frames, said plurality of transmission frames for trans 
mission to the first base station on a first frequency; and 

a MAHHO apparatus for selecting at least one transmis 
sion frame from said plurality of transmission frames, 
and performing measurements on a transmission from 
said second base station on a second frequency during a 
time period when at least a portion of said at least one 
transmission frame is to be transmitted to the first base 
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station, wherein said at least a portion of said at least 
one transmission frame is punctured and not transmit 
ted to the first base station. 

14. The apparatus mobile station of claim 13, wherein 
said MAHHO apparatus selects said at least one transmis 
sion frame based on the data rate of said at least one trans 
mission frame. 

15. The apparatus mobile station of claim 14, wherein 
said MAHHO apparatus selects said at least one transmis 
sion frame based on a determination that the data rate of said 
at least one transmission frame is less than a predetermined 
rate. 

16. The apparatus mobile station of claim 13, wherein 
said MAHHO apparatus performs said measurements 
according to timing information transmitted to the mobile 
station from the first base station. 

17. A method for handoff of a mobile station from a first 
frequency over which a plurality of transmission frames are 
transmitted to said mobile station in a communications 
system, said method comprising: 

receiving at least one transmission frame of a plurality of 
transmission frames at said mobile station on said first 
frequency, and 
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performing measurements on transmissions received on a 

second frequency, wherein said measurements are per 
formed during a time period, said time period including 
a time when at least a portion of a second transmission 
frame of said plurality of transmission frames is punc 
tured at said mobile station. 

18. A device comprising: 
a receiver to receive on a first frequency a first at least one 

transmission frame of a plurality of transmission 
frames, and 

an apparatus to perform measurements on transmissions 
On a second frequency from a second base station, 
wherein said measurements are performed during a 
time period, said time period including a time when a 
second at least one transmission frame of said plurality 
of transmission frames is transmitted, and at least a 
portion of said second at least one transmission frame 
of said plurality of transmission frames is punctured at 
said device. 


