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CDMA techniques. in a multiple access communication system is disclosed
in US. Patent No.4,901,307, entitled "SPREAD SPECTRUM MULTIPLE
ACCESS COMMUNICATION SYSTEM TUSING SATELLITE OR
25 TERRESTRIAL REPEATERS" and U.S. Patent No. 5,103,459, entitled
“SYSTEM AND METHOD FOR GENERATING SIGNAL WAVEFORMS IN
A CDMA CELLULAR TELEPHONE SYSTEM”, both of which are assigned to
the assignee of the present invention and are incorporated by reference. The
method for providing CDMA mobile communications was standardized by
30 the Telecommunications Industry Association in TIA/EIA/IS-95-A entitled
“Mobile Station-Base Station Compatibility Standard for Dual-Mode
Wideband Spread Spectrum Cellular System”.
In the just mentioned patents, a multiple access technique is disclosed
in which a large number of mobile telephone users, each having a
35 transceiver, communicate through satellite repeaters or terrestrial base
stations (also known as cell base stations or cell-sites) using code division
multiple access (CDMA) spread spectrum communication signals. In using
CDMA communications, the frequency spectrum can be reused multiple '
times thus permitting an increase in system user capacity. The use of CDMA
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the soft H&p&@ lpaminfg sequestaiin responise do istwll changssi ionthef environment.
25 This problem, referred to as ping-ponging, is also greatly lessened by soft
handoff. The process for performing soft handoff is described in detail in
U.S. Pat. No. 5,101,501, entitled "METHOD AND SYSTEM FOR PROVIDING
A SOFT HANDOFF IN COMMUNICATIONS IN A CDMA CELLULAR
TELEPHONE SYSTEM” assigned to the assignee of the present invention
30 and incorporated by reference herein.
An improved soft handoff technique is disclosed in U.S. Pat.
No. 5,267,261, entitled "MOBILE STATION ASSISTED SOFT HANDOFF IN
A CDMA CELLULAR COMMUNICATIONS SYSTEM", which is assigned to
the assignee of the present invention and incorporated by reference herein.
35 In the system of the '261 patent, the soft handoff process is improved by
measuring the strength of "pilot" signals transmitted by each base station .
‘within the system at the mobile station. These pilot strength measurements
are of assistance in the soft handoff process by facilitating 1dent1f1cat1on of
viable base station handoff candidates.
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25 3. The strength of a pilot in the Active Set of Candidate
Set has fallen below a threshold (Tpgop) for greater than
a predetermined time period.

The Pilot 'Strength Measurement Message identifies the base station and the
30 measured pilot energy in decibels.

A negative aspect of soft handoff is that because it involves
redundantly transmitting information it consumes the available
communication resource. However, soft handoff can provide great
improvement in the quality of communication. Therefore, there is a need

35 felt in the art for a method of minimizing the number of base stations
transmitting redundant data to a mobile station user which provides
sufficient transmission quality.
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25 with current systems is that the members of active set are determined in
accordance with comparisons of measured pilot energy with fixed
thresho_lds. However, the value of providing a redundant communication
link to a mobile station depends strongly on the energy of other signalé
being provided to the mobile station. For example, the value of redundantly

30 transmitting to a mobile station a signal with received energy corresponding
to a pilot strength of -15 dB will not be of much value, if the mobile station
is already receiving a transmission with signal energy corresponding to a
pilot strength of -5dB. However, redundantly transmitting to a mobile
station a signal of received energy corresponding to a pilot strength of -15dB

35 may be of substantial value, if the mobile station is receiving transmissions
with signal energy corresponding to a pilot energy of only -13dB.

At the mobile station, in determining whether to send a message |

indicating that a pilot from the candidate set should be moved to a revised
active set, the measured pilot energy of each pilot in the candidate set is
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set up. The mobile station then conducts communications through the base
stations of the revised active set. _
In the preferred embodiment, the mobile station monitors the pilot
signals and in response to the monitored pilot signals the mobile station
30 compiles members of the candidate set. Moreover, the mobile station
determines whether a change to the current active set is desirable in view of
the criteria discussed above by measuring the energies of the pilots in the
active set and the candidate set, and dynamically adjusting the necessary
thresholds based on its own estimation of the communication
35 environment. Upon determining any change in the desired membership of
the active set, the mobile station generates a pilot strength measurement
message that as described above includes the identities of all pilots in the
candidate and active sets, their corresponding measured energy values, and
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pilots in an active set, illustrating the linear operations performed on soft
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FIG. 6 is a flow diagram of a method for generating a revised active set
in the mobile station; and '
FIG. 7 is state diagram illustrating the operation of the present
invention. -

- DETAILED DESCRIPTION OF THE PREFERRED
. EMBODIMENTS

FIG. 1 illustrates wireless communication network in which the

30 geographical area has been divided up into coverage areas referred to as cells

and illustrated by a set of adjacent hexagons. Each cell is served by a

corresponding base station 4. Each base station 4 transmits a pilot signal

which uniqﬁely identifies that base station. In the exemplary embodiment,

the base stations 4 are CDMA base stations. A detail description of soft hand-

35 off in a wireless CDMA communication system is described in detail in the

aforementioned U.S. Patent Nos. 5,101,501 and 5,267,261. :
Mobile station 2 is located within the cell served by base station 4A. -

Since mobile station 2 is located near the cell boundary, it will likely be in a

soft hand-off condition, in which it is simultaneously in communication
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Mobile station 2 is located within the cell served by base station 4A
Since mobile station 2 is |ocated nearythe cell boundary, it will likely -be
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30 Within mobile station 2, each copy of the data packet is separately
received, demodulated and decoded. The decoded data is then combined to
give a estimate of the data of greater reliability than any one of demodulated
estimates of the data.

FIG. 3 illustrates a mobile station 2 in greater detail. Mobile station 2

35 continuously or at intermittent intervals measures the strength of pilot
signals of base stations 4. Signals received by antenna 50 of mobile station 2 .
are provided through duplexer 52 to receiver (RCVR) 54 which amplifies,
downconverts, and filters the received signal and provides it to pilot
demodulator 58 of searcher subsystem 55.
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i clu es all pilots with energy greater than T,pp and all members of
the current “active set who’s measured pilot energy has not fallen below
25 Tprop for more than a predetermined time period. In the exemplary
embodiment, mobile station 2 generates and transmits a Pilot Strength
Measurement Message following the detection of a change in the strength of
a pilot under the following three conditions:

30 1. The strength of a Neighbor Set or Remaining Set pilot
is found above the threshold (Tapp).
2. The strength of a Candidate Set pilot exceeds the
- strength of an Active Set pilot by more that a threshold
(Tcome)-
35 3. The strength of a pilot in the Active Set has fallen
below a threshold (Tppop) for greater than a
predetermined time period.

In the exemplary embodiment, the Pilot Strength Measurement Message
40 identifies the pilot and provides a corresponding measured pilot energy. In
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Preferably, the mobile station 2 monitors the pilot signals and
25 compiles members of each of the above-mentioned sets (active, candidate,
and neighbor). Additionally, the mobile station 2 preferably determines
whether a change to the current active set is desirable according to the
following linear relationships:

30 Y1 = SOFT_SLOPE*COMBINED_PILOT+ADD_INTERCEPT (1)
Y2 = SOFT_SLOPE*COMBINED_PILOT+DROP_INTERCEPT (2

where Y1 is the dynamic threshold above which a candidate set pilot’s
measured energy must rise before the mobile station will request adding it to

35 the revised active ‘set, and Y2 is the dynamic threshold below which an
active set pilot’s energy must fall before the mobile station will request
moving it from the active set to the candidate set. To provide hysteresis, Y1
is preferably greater than Y2.
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(4) ADD_| NTERCEPT = DROP_I NTERCEPT + [err]
(5) 2a5 SOFT_SLOPE s AdAationship is further illustrated in FIG(5. The
dynam c threshol ds Y1 and Y2 are pI otted |n dB as a function of

conbi ned g &l I [ also in dB. As c be seen,
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ADD | NTERZIPD_ANTERRIEPT KTBROPINTERGEPFat Avhe y- i ntercept (Bpl ues may -
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This relationship is further illustrated in FIG. 5. The dynamic
thresholds Y1 and Y2 are plotted in dB as a function of combined pilot
energy (i.e. E./Ly), also in dB. As can be seen, they are both linear functions
with a slope of SOFT_SLOPE (i.e. Ay/A; from Equation (3)), and respective y-

25 intercepts of ADD_INTERCEPT and DROP_INTERCEPT. Note that the y-
intercept values may be negative, and DROP_INTERCEPT is 111ustrated in
FIG. 5 as a negative value.
" An. exemplary value for SOFT_SLOPE is 2. In the preferred
embodiment, the mobile station 2 itself may calculate the value of
30 SOFT_SLOPE by estimating the desired values for A; and A; by monitoring
the fluctuation of all pilots in both the active and candidate sets as described
above with reference to FIG. 3, and then applying the relationship of
Equation (3). The mobile station 2, and specifically control processor 62, may
estimate the value of A; by measuring the variations in COMBINED_PILOT
35 over a predetermined amount of time. For example, Ay in the preferred
embodiment is equal to the standard deviation of the COMBINED_PILOT
over a predetermined period to prevent natural variations in -
COMBINED_PILOT from causing a handoff request. Additionally, A, in the
preferred embodiment may be set equal to the difference between Tapp and
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processor 62 generates the handoff parameters. If, based on the handoff
paraméters generated by the mobile station, a pilot is required to be added to
or droppéd from the current active set, mobile station 2 transmits a message
indicating the members of the revised active set to base station controller 6
30 through base stations 4. Base station controller 6 sets up communications
with mobile station 2. Mobile station 2 reconfigures traffic channel
demodulators 64A-64N to demodulate received signals in accordance with

the mobile generated revised active set.
In the exemplary embodiment, control processor 62 in mobile station
35 2 generates the revised active set in accordance with the method shown in
FIG. 6. In block 200, pilots with measured energy in excess of threshold Tapp
are added to the candidate list, whereas pilots whose measured energy has
fallen below Tprop for more that a predetermined time period are removed
from the candidate list. In the exemplary embodiment, the time a pilot is
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: | ] "have been tested. If all pilots in the candidate set have not been tested, then

the flow moves to block 200 and proceeds as described above. If all pilots in
the candidate set have been tested or if, back in block 206, the pilot energy of
Pg; did not exceed threshold Y1, then the flow moves to block 214. In block
30 214, the revised active set is sorted from lowest energy to highest energy.
| Thus, Pa; has the minimum measured energy in the revised active set, Pa»
has the second lowest and 50 on up to the last member of the revised active
set Pan.
In block 218, loop variable i is set to 1. In block 220, COMBINED
35 PILOT for testing Py; is computed. The value of COMBINED_PILOT is set
equal to the sum of the measured energy of all pilots currently in the active .
set and having energy greater than the pilot currently being tested. Thus,
COMBINED_PILOT is determined by the equation:
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generation of the revised active set is complete. If all the pilots in the active
set have not.been tested, then the flow proceeds to block 220 and proceeds as
described above. ,

25 FIG. 7 shows a state diagram of the operation of the present
invention. A given pilot, Py;, may begin in the neighbor set 700. If the E./]
of the pilot Py; exceeds the threshold Tapp, then it is added to the Candidate
Set 702 by mobile station 2. If a pilot, P, is in the candidate set 702, and its
E./], falls below the threshold Tprop and its Typrop timer expires, then it is

30 moved by mobile station 2 from the candidate set 702 to the neighbor set 700.
These two transitions just described correspond to block 200 of FIG. 6 -
adding and removing pilots from the candidate set.

If the Ec/I; of a pilot, Py, in the candidate set exceeds the dynamic
threshold Y1 as determined in accordance with Equation (1) above, then a

35 PSMM 706 is sent by mobile station 2 to base station 4 requesting that P be
added to the active set 708. In response, the base station 4 sends an Extended
Handoff Direction Message (EHDM), directing mobile station 2 to add Py to
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enbodi nents shown herein but is to be accorded the w dest scope consi stent
with t hewprdomessl es and novel features disclosed herein. PCT/USPS/BI7A4 Mt
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15+ : . | BAM 1 Apethed for-
sel ecting base stations to comunicate with a 2.renote stati onpy i si ng:
measuring, in said renpbte station, a conbinati ogm ﬂ‘!“ﬂ““ﬁﬂ!@l (T;L4 over
a predetermned tinme period from bdSEASKMS ons o &R IS B0 HES muhi cat i ng
W th said renote station;, 6 - conputing, in said renbpte station, a
first threshold value i-n response = said neasurement; 8 .conparing,
in said renot elst at fomethodi éﬁa&ele;q#mg;;yaﬁ stationssto sezamunicaieaWith ani t h
said fhr e ; i . selecting, in said renote station, said
first %a:%nas%t%ﬁb%hcecﬁ#ggﬁ%g signal, energy of said first base station

exceeds said fMeafufiigedRotald remote stationp a compmaham &f ggnal enesgieswner ei n
sai d sugngberengr Gre@btesmified| rtire? H@sEd SifadinONbase t bRtIDAST Wapabled 6f st
base station pil.0t _.si q’g% ne&/{s{ureq a& sai d renote station.
3. The® CEiing With, SMGIEMAE S8l onbi nati on of signal 2 energies
from b@se st at canputingsih saiaf remotaistatioh) adfimst threshold rvaleé dn respohsé i on
conpri ses e 'i%_ot energy values of pilot signals with greater 4

r

t.ne_s f
recei ved %ar}g ngqﬁ AsaY d first base station. 4, The net hod
of daBm 3 wheomparing, dnssaid vémoterrtation, a signalresdrgydof/al digst bape i ses
‘perform ”Qtaﬁohiﬁﬁﬁrsa‘?@?g?{' SO a8al d conbi nati on of signal energies
e.o

from base statigns_ capa . comhuni cating, 4 with said renote statjon.
5.  Tle net hoseleetingaimmsaidyrematp statipppesaid firgt dbasenetatioppsthen gaid 2 j s

cal cul at egigng] eRérdy' GFEAi@ fxbibdserstation SRARASBalP fidst\RkésMol@n i n said
conbi nati on of signal energies over a predeterm ned tine period.

6. The nmethod of Caim5 wherein an intercept of said |inear
2. The method of Claim 1 wherein said signal energy of said first

2 Dbase station is the energy of a first base station pilot signal measured at said
remote station. | |

3. The method of Claim 2 wherein said combination of signal
2 energies from base stations capable of communicating with said remote
~ station comprises the sum of pilot energy values of pilot signals with greater
4 received energy than said first base station.
4. The method of Claim 3 wherein said step of computing a
2 threshold value comprises performing a linear operation upon said
combination of signal energies from base stations capable of communicating
4 with said remote station. '

5. The method of Claim 4 wherein a slope of said linear operation
2 is calculated in said remote station in response to a variation in said
combination of signal energies over a predetermined time period.

6. The method of Claim 5 wherein an intercept of said linear
2 operation is calculated in said remote station in response to stored system
parameters.

7. The method of Claim 6 wherein said linear operation
2 comprises:



2 operation is c remote station in response to stored
system ywo Jdfas3e Iﬂﬂﬂ @(i! ﬂ . The nmet hod of O ap@rasSegdags«ei n
said |inear opera WO 99/ 04593
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mul tiplying said conbination of si gnafl energi es from base stations 4
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station. . A nobile station for use in a conmunication
system 2 corrprl Si nqr pI ural base stations controlled by a base station

control ler, hep bineghed aof oRlaionp? i futher 4comprising, thecestepr of or

recel Vg NG, ff”%’ﬁ?ngé‘i’ﬂéss %é’iﬁ’chc?ﬁ@@ of ' Alid et &hpléot stg%QEt Be/m CRRT 1 se a
set of” candi da ase stations means ning power in the
recei ved rgng:ﬁmsgatmn first means for conparing the power in the
received signal with a first 8 threshold val ue; means for

I denti fying b e st t|o sigp al s have a received.1Q. po reat er
than the fi rst “t hr $%I ﬁé%ognd or use fre SPENRHNI¢E t‘a‘ﬁémsyts‘%% a

si gnal 2t acoriprisiont phhﬂaérbaseptaﬂjmmt congtréled dgnhibase dtatiore cohadollens the bei ng |
swtablefOf)Hlen(%lusmn|ﬂs§§act|ve set 10. A nobile station

as cl ai méd© 3??ﬁ‘§°%é Ph said means for 2 determini ng power
conprides nears rhoewanciwnrutenennggelsgrgl}s vixboesphual thase statipns eimbddhsi gnal s
for a pr %E&{e'?‘c'aggp %Qéjtvﬁcah'dﬁate b&s?lsta’aons 11. A nobile station as

claimed in arm ereln sai 2 neans _ for conparing
conpries meanepns f@adetwmmm power in $he prpeeived|signals; dynani cal | y.
12. A nobi | efifd 3héfs R cohpatith tie pbePinlthe rbbdivEe sigaRINFitR i Hrst2 Means

for re n e nore of the predeterm ned paraneters in a si gnal
trans %\'I 'ﬁ?‘gan O{'ﬁse station.

means for identifying base stations whose signals have a received
10 power greater than the first threshold value; and

H

, means for transmitting a signal to the controller representing
12 identified base stations as being suitable for inclusion in an active set.

10. A mobile station as claimed in claim 9, wherein said means for
2 determining power comprises means for accumulating energy values for the
received signals for a predetermined period of time.

11. A mobile station as claimed in claim 9 or 10, wherein said first
2 means for comparing comprises means for calculating the first threshold

dynamically.

12. A mobile station as claimed in claim 11, further comprising
2 means for receiving one or more of the predetermmed parameters in a
signal transmitted from a base station.

13. A mobile station as claimed in claim 11, further comprising
2 means for storing a preprogrammed one or more of the predetermined
parameters

14. A mobile station as claimed in any of claims 9 to 13, further
2 comprising:



13. A nmobil e station as clai claim 11, further conprising 2
nmeans fowo%;aggggg\lm‘f ‘I“)l““; ﬁtﬁiﬂ r’:\e or nore of t he predpéeiRdiirgss
paraneters bile station as clained in any of clainms 9
to-.13, further 2 coFrpr Si ng )1\9 99/ 04593
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16. A ddentified base atat@s\sasa?emg su#ableaf% rexgyval Lfrqmethe@@ﬁymsst ng 2 means
for receiving one or nore of the predeterm ned paraneters in a si gnal

transmtted froma base station. . . 7. A bil e station as

claimed in cldPm fg ?ﬁ&h%ﬁ’ﬁrﬁl%’mﬁjﬁ znnéam Hyr"r"Tg?Eﬁmn@l seconS

| pr epr oyr (221 Rﬁ'ecdiﬁpﬂﬁﬁg @mpHsespirRaek efol cakdilating dha b6 é threshold
rapblle S atlon as claimed in any of clains 14 to 17, wherein 2 base

st ations

¥d as being suitable for renmoval fromthe actlve set are
transferred to a set of neighboring base stations.

16. A mobile station as claimed in claim 15, further comprising
2 means for receiving one or more of the predetermined parameters in a
signal transmitted from a base station.

17. A mobile station as claimed in claim 16, further comprising
2 means for storing a preprogrammed one or more of the predetermined
parameters.

18. A mobile station as claimed in any of claims 14 to 17, wherein
2 Dbase stations identified as being suitable for removal from the active set are
transferred to a set of neighboring base stations.
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