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METHOD AND SYSTEM FOR CHANG NG FCRV\ARD TRAFFI C CHANNEL POVNER
ALLOCATI SOFT _ HANLY B
BACKGROUND” S| NVENTI ON |. Field of the Inventioncr oo osN2 0
present invention relates to cellular cdnmmunications systens 5 and nore
particularly to nethods and an apparat us for changing forward traffic
channel power Mmﬁowmm RTP}AN@&N@
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pronul gated by the Tel ecommuni cations ~ Industry Association (TI A), is an
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used fof | aRUeARAE partiRubkRly t Heth®ld8PERA@n apparatus for changing forward
traffic channel power allocation in a code division multiple access (CDMA)
cellular communications system.

II. Discussion of the Background
10 :

In a CDMA cellular telecommunications system, a common
frequency band is typically used for communicating from a mobile to a set of
base stations, and another common fi-equency band is typically use to
communicate to the mobile from the set of base stations. In other instances,

15 a common set of frequency bands may be used to conduct communications.
A primary benefit of transmitting multiple communication over a common
frequency band is an increase in the capacity of the cellular telephone
system. The IS-95 standard, promulgated by the Telecommunications
Industry Association (TIA), is an example of a highly efficient CDMA over-

20 the-air interface that can be used for implementing a cellular telephone
system.

The set of communications conducted over the same bandwidth in a
CDMA cellular telecommunications systems are separated and
distinguished from one another by modulating and demodulating the data

25 transmitted using pseudo-random noise (PN) codes known to both the
receive and transmit systems. The other communications appear as
background noise during the processing of any particular communication.
Because the other communications appear as background noise, CDMA
protocols such as IS-95 often employ extensive transmit power control in

30 order to use the available bandwidth more efficiently. The transmit power
control keeps the transmit power of each communication near the
minimum hecessary in order to conduct communications successfully.
Such transmit power control facilitates the processing of any particular
communication by reducing the level of background noise generated by the
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Wi th two or nore Aaghe thipht BpectySbtt aHHYH fis §éfrBRy more robust than hard
handoff because as least one connection is maintained at all times. Methods
and systems for conducting soft handoff in a CDMA cellular telephone
system are disclosed in U.S. Patents No. 5,101,501, filed November 7, 1989,

15 entitled "Method and System for Providing a Soft Handoff and
Communijcations in a CDMA Cellular Telephone System"”, and U.S. Patent
No. 5,267,261, entitled "Mobile Station Assisted Soft Handoff in a CDMA
Cellular Communication System", both assigned to the assignee of the
present invention and incorporated herein by reference.

20 In accordance with the soft handoff procedﬁre described in the above
referenced patents, each base station transmits a respective pilot channel that
is used by the mobiles to obtain initial system synchronization and provide
robust time, frequency and phase trackiﬁg of the cell-site transmitted signals.
The pilot channel transmitted by each base station uses a common spreading

25 code (i.e., pseudo-noise sequence) but uses a different code phase offset so
that the mobile can distinguish the pilot channels transmitted from the
respective base stations.

»

During a soft handoff, two or more base stations transmit the same
forward link data to the mobile. The mobile receives the signals from the
30 set of base station and combines them. A method and apparatus for
performing such combining is described in U.S. Patent No. 5,109,390, filed
November 7, 1989, entitled "Diversity Receiver .in a CDMA Cellular
Telephone System", assigned to the assignee of the present invention and
incorporated herein by reference, discloses a diversity combining method for

35 usein a CDMA cellular telephone system. : .
While soft handoff provides a more robust connection, in some
instances soft handoff also has a negative effect on the overall capacity of the
CDMA cellular telephone system. This is because the multiple forward link
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communication being conducted.

20 SUMMARY OF THE INVENTION

Accordingly, one object of this invention is to provide a novel
method for reducing a total amount of forward traffic channel power
transmitted to a mobile during soft handoff.

25 Another object of the invention is to provide a system that
implements the aforementioned method.

Another object of the invention is to determine the environment in

- which the mobile is operating during soft handoff, and optimize the
configuration of the soft handoff in response to that determination.
30 The invention is equally applicable to a multi-carrier forward link.

Accordingly, one object of this invention is to provide a novel
method for reducing a total amount of forward traffic channel power
transmitted to a mobile with a multi-carrier forward link.

Another object of the invention is to provide a system that

35 implements the aforementioned method. '

Another object of the invention is to determine the environment in
which the mobile is operating, and optimize the configuration of the multi-
carrier forward link in response to that determination.
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conduct el  bit-vector message to the respmbare Steiiohs\uENiRe GNobile's active set,
which then forward the information in the bit-vector message to a system
controller. In response, the system controller issues a command to the base
stations in the mobile’s active set, adjusting selected ones of the respective
code channel powers of the base stations in accordance with the respective

15  pilot channel qualities reported in the bit-vector message generated by the

mobile.

Because the forward traffic channel includes the respective code
channels of the base stations in the mobile's active set, reducing the transmit
powers of the respective code channels reduces the transmitted power of the

20 forward traffic channel. Accordingly, the total capacity of the CDMA
communication system increases as a result of radiating the minimum
required forward traffic channel power necessary for proper reception at the
mobile. By rapidly communicating to the system controller the observed
pilot channel qualities, the CDMA system is capable of rapidly re-optimizing

25 system resources in response to environmental changes to maximize system
communications capacity.

In an alternative embodiment of the invention which employs a
multi-carrier link, the mobile station sends a bit for every carrier, or
alternatively a bit for every antenna. Additionally, the base station adjusts

30 the power on each carrier independently.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete appreciation of the invention and many of the
35 attendant advantages thereof will be readily obtained as the same becomes
better understood by reference to the following detailed description when -
considered in connection with the accompanying drawings, wherein:
FIG. 1is a block diagram of an exemplary CDMA cellular telephone
system in accordance with the present invention;
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FIG. 6A is a diagram of a first data structure for the bit-vector message
indicative of pilot channel quality;

FIG. 6B is a diagram of a second data structure for the bit-vector
message indicative of pilot channel quality;

15 FIG. 6C is a diagram of a third data structure for the bit-vector message
indicative of pilot channel quality;

FIG. 7 is a flow diagram of a message sequence for reducing a total
amount of forward traffic channel power transmitted from base stations in
an active set when excess power is being transmitted;

20 FIG. 8 is a flow diagram of an alternative message sequence for
reducing the total power amount of forward traffic channe] transmitted
from base stations in an active set when excess power is being transmitted;

FIG. 9 is a diagram of a multi-carrier forward link;

FIG. 10 is a block diagram of a multi-carrier forward link transmltter,

25 and .

FIG. 11 is a block diagram of a multi-carrier forward link receiver.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

30 Referring now to the drawings, wherein like reference numerals
designate identical or corresponding parts throughout the several views,
and more particularly to FIG. 1 thereof, there is illustrated a communication
_syétem 2 which is preferably a cellular telephone system, although equally
applicable in a public branch exchange (PBX), personal communication

35 services (PCS) system, satellite based communications system, indoor
witreless network or outdoor wireless network. The system 2 uses code
division multiple access (CDMA) modulation and demodulation techniques
in communications between system resources. A system controller
(selector) 10, commonly referred to as mobile telephone switching office
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communications. Base stations 17 and 19 communicate with other systems
such as mobile 21 via a multi-carrier link comprised of three CDMA signals
illustrated by arrows 26a - c. Mobile 21 communicates with base stations 17

20 and 19 via single carrier reverse link 28. It should be noted that a
multicarrier forward link may consist of more than three carriers or it may
consist of less than three carriers. FIG. 1 also illustrates a multicarrier and a
more conventional single carrier direct spread system coexisting in the same
system. It should be noted that while this is possible, it is preferable that a

25 system use only a single type for forward link.

Arrows 20a and 20b illustrate the respective reverse and forward links
between the base station 12 and the mobile station 18. Arrows 22a and 22b
illustrate the reverse and forward links between the base station 14 and the
mobile station 18. Similarly, arrows 24a and 24b illustrate the possible

30 reverse and forward links between the base station 16 and the mobile station
18. While crosslinks between the respective base stations 12, 14, 16 are not
shown in FIG. 1, or a direct or radio frequency connection from controller 10
to the mobile 18, such possibilities are included within the inventive aspects
of the present invention.

35 Base stations 12, 14, and 16 each transmit traffic data via a Walsh code
channel to the mobile 18 on the communication forward links 20b, 22b, and
24b, when the system controller 10 assigns base stations 12, 14, and 16 to the
mobile's active set and instructs the respective base stations to establish an
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for the ﬂ] t - Ghannals ninshidjng the set of traffic channels and the additional control
channels such as the pilot, synchronization and paging channels. The
present invention reduces the transmit power of the forward link signal by
reducing the time the traffic channels are active during a soft handoff.
Base stations 12, 14 and 16 also respectively transmit pilot channel to
15 the mobile 18 along forward communication links 20b, 22b and 24b. The
pilot channels are distinguished from the traffic channels transmitted from
the same base station by different Walsh codes. The respective pilot
- channels from different base stations are distinguished from one another by
pilot PN code shifts. In the absence of blockage or fading, the pilot channel
20 received at the mobile 18 from the base station 16 would expect to be larger
in received signal power than that of base stations 12 or 14 because the
mobile 18 is closest to the base station 16.
Alternatively, in lieu of a separate code channel (Walsh code) for the
pilot, the pilot can be embedded or multiplexed into the traffic channel
25 streams which are sent to individual mobile stations. The embedding can be
done by using special pilot symbols, or an auxiliary signal. When the
embedded pilot is used, there is typically a common pilot which is used for
initial acquisition of the system and for detecting when to handoff.
Alternatively, separate pilots can be transmitted on a per traffic channel basis
30  or per group of traffic channels.
When the mobile 18 is in a soft handoff region (e.g., when moving

from a coverage region of at least one base station to at least one other base
station) the system controller 10 dispatches a handoff direction message that
includes a list of base stations assigned to the mobile's active set. The
35 handoff direction message may also include auxiliary information, such as
handoff thresholds (e.g., add threshold and drop threshold) which is useful
to the mobile station after performing the handoff. As described in the
above referenced applications and in the IS-95 standard, the active set
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FIG. 2 is a graph showing relative pilot channel quality that may be
observed by the mobile 18 from cells 12, 14 and 16, as shown in FIG. 1. The
graph in FIG. 2 plots energy per PN chip (Ec) per total received power (Io) at
the mobile 18 vs. time for three exemplary pilot channels from base stations
12,14, and 16. As shown in FIG. 2, the pilot from base station 16 degrades in
signal quality with increasing time, indicating the mobile 18 is moving away
from base station 16. Conversely, the pilot from base station 12 improves in
signal quality with time, implying that the mobile 18 is moving toward base
station 12. The pilot from base station 14 remains relatively constant in
signal quality, indicating the mobile 18 is moving along a coverage
perimeter of base station 14.

The area of interest in FIG. 2 is the soft handoff region. In the soft
handoff region, the mobile 18 and the system controller 10 communicate
with one another to determine which base stations should be within the
mobile’s active set based on the relative pilot channel qualities of the cells
12,14 and 16. In the illustrative example, the pilot channel from base station
16 is originally in the mobile's active set because base station 16's pilot
channel level is above the add threshold level. However, at the end of the
soft handoff region, the pilot from base station 16 drops below the drop
threshold level for some period of time.

In response, base station 16 is caused by the system controller 10 to be
dropped from the active set by the mobile communicating to the system
controller 10, via a pilot strength measurement message. Because the pilot
from base station 14 never surpasses the add threshold level, base station 14
is not added to the active set. In contrast, base station 12 surpasses the add
threshold level for the necessary period of time, and thus is added to the
active set as determined by the system controller 10 in response to a pilot

FIG 7 is a flow diagram
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6 (MrsSO, includes interface and processing circuitry for providing
system * control to a set of base stations 12,14,16,17 and 19. The

system con al so controls routing of tel epho%ﬁﬁg om a
public sw %‘kﬁ ddﬁg ﬁlephone network (PSTN) to the appropria edségilé
stations 12, 14, 16, 17 and 19 for 5 tPansmi ssion to the appropriate
destinati on. A connect ion to or fromthe PSTN may be wirel ess, optical

fiber, or V\stredgﬂ'cnmmemmm\eésagg g,enkmted ¢ the molpite 18.0Towardi e end! e).

wni cn i nel uddt e sofhaidie RRlhr BhG7pile ﬁ?ﬁgv@ Fsignal (A B Shee
and public combile 18s |agt1venett I es. Furthernore, system 10 controller 10

comuni cates to aﬂﬁt%l'é ?c‘ﬂﬁiy hé&kv g}xlo?r&am%qs Hefecht above &*&0\@%}5“

FIG 1. em- contro comruni cates, wwth the b
stations 32, ﬂmshold Wltbesuf@meahéreﬂgebgy taukeen theearmespongling bage gatiore iin

]E ?2332‘3 2; I( | {166 acipé In s{ég,;?ven thbuPR' tHel BJSﬁes telg[sttrgftﬁl&(l;ﬁhm%elbxoﬁ&mn&es

comuni cat epﬁﬁ#) ;ecgg P’éﬁ?a&% At ége mo e 1% 15 E?%‘FPE&X W‘SHPI%SBOV?IB

\1/i9a single cfzdlngrermmﬁimemt QRMvihe case ofcarslon Mm%mavxrﬁmt thé peceited and
communi ca t Vi su

Tl t1 - carri Bl Bor HRE BB stariofyaouly dRRee efdivd Torvach, gthsr

arrows 2Bx Typldaﬂyl one base station tsastrengért thadrasmothert fons whil20 andawite1 9

via single cg fshe‘i'hé F( ard %ngﬁsufflﬁepﬁgo%ls{%rﬁﬁﬁﬂoﬁegbgaﬂ?tﬂw@ short term

mul ticarrier. forwar My _CONSI St ree carriers or
consi st of |Berefihg 41HF’é?étYearnWér dt wodd bepreferpble $o rtapasmit from,; éh?rl er

and a NBir6nge e taneh aﬁdrtwtefr&wmbe/&eékeE ®abte s@tiAd system coexi sting
in the sane %stemselt sV Jd l:s)e no egl hat \gh Iesttn? | S, POSS _lgfﬁe, it
i s preferabletha?ﬁ% S/E‘[(?Fﬁ’t?é‘e ‘?Jﬁsy g1 ey BBW?%rVg‘Fd*l k.
Arrows 2fa acode@banhéls ftomtsemd basestitions in a fading enaivdnineniate decrdase
between the RasqophiatdafBmit Mgy "ged@Bled® 5f dhbORsshliatéd " CYRmAERI ARG 2P
Reducing the total transmit energy of a particular communication improves
overall system capacity. It should be noted that one could use handoff
procedures which would remove the base stations from the active set, thus
20 reducing the transmit power. However, this approach requires considerable
signaling in the infrastructure and is thus relatively slow. This makes it
difficult to quickly switch to transmitting from another base station when its
signal becomes the stronger signal.
Another case in which this invention provides benefit is when one
25  base station is received at the mobile station at a lower signal level than the
other base station, but is still above the drop threshold. In a environment
with little fading, it is preferable to transmit only from the base station
whose signal is being received more strongly at the mobile station.
However, removing the base station from the active set and then using the
30  handoff procedures to restore it to the active set adds considerable delay in
the case that this pilot becomes stronger. This delay reduces the quality of
the link and can result in dropped calls.
FIG. 3 is a block diagram of the mobile 18. An antenna 30 is coupled
through a diplexer 32 to an analog receiver 34 and transmit power amplifier
35 36. The diplexer 32 cooperates with the antenna 30 such that simultaneous
transmission and reception is achieved through the antenna 30. While
receiving RF energy from the respective base stations 12, 14, and 16 (FIG. 1),
antenna 30 receives transmitted pilot and code channel signals routed



illustrate the reverse and forward |inks between the base station 14 and
t he nobile station 18. Simlarly, arrows 24a and 24b illustrate the

possi bl e se and forward |inks between the base stgfi d the
ok BerpRy e,

nobile sta 18. Wil e crosslinks between the respe _
stations 12, 14, 16 are not shown il® FIG 1, or a direct or radio
frequency connection fromcontroller 10 to the nobile 18, such

possi bi | i tit@woagh diplexeted2 ot e atd&;!{o rlrzeéib'érd/@{lgspméh%nalog t_-a‘ceidtef fagesent
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base stati Oﬁﬁtiaﬁ’ forrafl igs%l{\é) s B?verﬁgqmli .8, dRbbHE fbaBlYtheiShy, uCtS
the respective base stallons to establish an )
7 3 nt Moraparticularly, the raegiver 34 peneratehan aneleg gieaveretontrobsigrad for
comuni cat i gyat'¥ bRoRde8 b Ltrafsr r : istdiaddd el
Each o{) thei&ode ﬁ%gf@ﬁ%@%‘? Ssﬁ?ﬁj lﬁgiugﬁ?'?rs?ﬁtdl asés@cé:ig?? (?Fls to
the nobile Fatent cygr 25136184 uemfatled i nvisthed | 8d aAPPRERS afPRLL-ENITO1RG
rmmj le 10 tDrarsntiesionnePdwer rif’is }ae«aémm C@é‘l%lgbt?ilMlilﬁi}r‘]e Ul:ﬁh@{ll_é“ Spsteim'"y .
conbi ni ng . chapi sm (expl aj ped i n npr.e detai rein). crease the
forward [i n%SSIgnrg% Foaﬁ}f ﬁ?gﬂn#oﬁ , Pﬁ%ﬁeg?dﬁge%% @ﬁ@n Pﬁm?e%g‘%rfé’a from
t he sanH) balse referencst atA arlosddn lodp spewse, contmw] agdjustmenbnisotieveldpedhmnel s
is called t | e : | kOd | es,.t.he
aggregati on&g}&él_ﬁélfdg g%igg rflg &%ﬁg%n%%"s‘:’mﬁé’f‘ lgg:éﬁj&gtch}é{péé? ito“F} arxé‘i;"? %‘%ﬂcﬁlgﬁnel S
and the addirangmifted o the forward link and demodulated by digital data receivers

40, 42, and 45. The analog receiver 34 converts the received RF energy into a

baseband signal and digitizes the baseband signal.

15 The digitized output from the analog receiver 34 is provided to a
search receiver 44 and digital data receivers 40, 42, and 45, which operate

under the control of control processor 46, receive code channels from

respective base stations, and provide respective outputs to a diversity
combiner/decoder 48. The diversity combiner/decoder 48 combines the

20  respective output signals from the receivers 40, 42 and 45 based on a selected
combining scheme, discussed later in more in more detail.

While three digital data receivers 40, 42 and 45 are shown in FIG. 3,
the diversity combiner/decoder 48 is typically equipped to interface with a
number of additional digital data receivers. Preferably, the number of digital

25 data receivers included in mobile 18 is equivalent to the maximum number
of code channels (accounting for separate direct and multipath signals
produced from each code channel) that the mobile will employ in its
combining scheme. As will be discussed, additional diversity gain is possible
with the inclusion of additional data receivers, and the present invention is

30 applicable to any number of digital data receivers (or signal multichannel
digital data receiver). _

The digital data receivers 40, 42 and 45 cooperate with the diversity
combiner/decoder 48 to form a “rake" receiver structure. The diversity
combiner/decoder 48 cooperates with each of the respective receivers 40, 42

35 and 45 serve as three "fingers” in a rake. More: particularly, the receivers 40,
42 and 45 may be set by the control processor 46 to receive code channels
from different base stations, or an multipath signal from a common base
station. Thus, all three receivers 40, 42, and 45 may be used to receive code



channel s such as the pilot, synchronization and pagi ng channel s. The
pr esent invention reduces the transmt power of the forward |ink signal by

reduci ng t{g g& sthe traffic channels are active during a gmefssaasdeff .
Base statlons f 14 and 16 al so respectlvely transmt pilot channel to 15
the nobile 18 al ong forward conmmuni cati odllinks 20b, 22b and 24b. The

pil ot channels are distinguished fromthe traffic channels transmtted from
t he sane baschastrels Gronbythuee fifferent basestationssor Tisignad spdetchanngl from a
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pilot, the phufler6as b&xe&nheﬂﬂgdmtomltiasédl esrd fbﬁt éxat ﬁld,r aévéral chimglel 25

streams which are sent to in dual , nobi.l e stat dj be
Gone_ by usi rPEL EEPeiEERo A aREE! BReeiyets By PV RS ferl? Sy il
enbedded pi | axid |dsvms ,confitsiner cenﬂmpatmtsl yFarthermore, ptHeodivwensigh coshised f or
initial acqu n Nak O q(?k?é)f

Al ternativel ft}x,ﬁ'{ctgg?la c§{ﬂ& ti]:ael %%é&ﬁ @%ﬂ %‘?émcg)ﬁ&{o? egﬂﬂ:egmpgé '? ?a c&:c ﬁ%%nel
basi s 3010 orregeivegs éwbﬂtMﬁc channel s. When the nobile 18
IS in a soft handg{ ! (h&9iRBfetRdd: emMoMImERY! Nthe outphitOMod Qﬂéeréﬁ%ﬂﬁﬁl on
of at |east one basgd @g

| east . one ase
system cont r nRimer

t t th
scacut 48 s pasend ¢ %Prd%ett%%lﬁaﬁ%% ange dpegier” "the"®
i ncl EdezI ?f | gﬁfptﬂfoftthé eletbdér mr@pm?slquded throlighnw kbhir'od _ui?t wiacheﬁphtiheh
35 ando LI n_ne al.s n uc
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described in the Tpe qAQOYGpE!6f ANASH BBRLLCIUPTS #iPebih [BBed 35 % be

st andard, t he acti ve se
transmitted on the reverse link to the base stations in the mobile station’s

active set. The output of the user digital baseband circuit 50 is a baseband
- signal which is formatted, encoded, interleaved, and is passed to a’ transmit
20 modulator 52 where it is modulated. An output of the transmit modulator
52 is passed through a transmit power control device 38 under control of the
control processor 46. The transmit power control circuit 38 adjusts the
output power of the mobile 18 (FIG. 1), based on the power level signal
provided by analog receiver 34 and closed loop power control bits, and an
25 output RF signal is passed to a transmit power amplifier 38 which amplifies
the output signal and passes the amplified output signal through a diplexer

32 and transmitted through antenna 30.
The digitized IF signal from the analog receiver 34 contains the code
channel signals and pilots transmitted by the base stations in the pilot's
30 active set along with other CDMA signals which act as interference to the
mobile 18. The function of the receivers 40, 42 and 45 is to correlate IF
samples with the proper PN sequence. This correlation process provides the
"processing gain" which enhances the signal-to-interference ratio of the
signal intended for the mobile by matching the PN sequence used in the
35 respective code channels to encode the message being sent to the mobile.
Unintended signals that have not been encoded with the matching PN
sequence are "spread” by the correlation process, thereby decreasing the
signal-to-interference ratio for the unintended signals. The correlation



8 contains pilots frombase stations with which an interface to the
nobi | e has been established. The candidate set contains pilot channels'

t hat have ‘a,o oon1s&geNt |y been detected with a sufficient stipeRaishsinfid he
nobi |l e, and the candi date set contains pilot channels from base
station known to be in the 5 same geogldphic region. Knowi ng
whi ch pilot channels will |ikely have a reasonable strength (i.e., by
knowi ng whi cutpat eisscaeltérently adeteatesi gsmg tthet pHotohirier' as reeicghtier phase and

candi date sghjerehlie ‘Eﬁé’%@&ﬁ 'S¢ tﬁfsq{i%tregﬁ 'h Q'sbgﬁéﬁce ?Pé&%ﬁe&”«ﬁtﬁat

t he nobil e may search nore requen annel's correspondi ng
10 to the x5 Asations in the nobi I e's nei ghbor and candi date sets, as
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mobi | e v i me e exe ot _channel s 4£r1.0 st a

1o as and 6 UE°e rfin' of fie SRV phol erstet PRr et OCH ST rétvbfnges
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station 12 i a\ ﬁzro
nobi | e 18 i narsuremandwignabtes ezgontgphprmsag déringligativs of tharrespestiveat i on

14 renains I’gﬂl&tdwlscmttﬁa} s;t{é:?ths signal quality, indicating the

nobile 18 1S novi a covera peri er .of base statio 4.
The area of mteﬂg‘}{a%er ity combpm f@e"é’ﬁlﬁf 48f adsts the FW%OE&%'F

inputted received signals into alignment and adds them together. This
addition process may be preceded by multiplying the respective inputted
15 signals by a weighting factor corresponding to the relative signal strengths of
the pilot channels corresponding to the respective inputs. The weighting
factor is based on the pilot strength because it is presumed the respective
signal quality of each pilot corresponds with the signal quality of the signals
transmitted on the respective base stations' code channel. When using the
20 weighting factor, the combiner implements a maximal ratio diversity
combining scheme. The resulting combined signal stream is then decoded
using a forward stream error detection decoder that is also contained within
diversity combiner/decoder circuit 48. The pilot based weighting method
works well when the base stations in the active set transmit the code
25 channel signals to the mobile station in equal proportion to the pilot signal.
That is, the ratio of code channel power to pilot power is the same in all
members of the active set. If the ratio is not the same, then other weighting

methods may be preferable. For example, the base station may send to the
mobile station, in a signaling message or by some other means, the ratio of
30 traffic channel to pilot channel power being used by all base stations in the
active set. Then if the relative fraction for base station j is o, mobile station
can combine code channels using weights gy; where ¥ is the relative
received power of the pilot for base station j at the mobile station.
Alternatively, the mobile station may estimate o; or oy from the received

35 signal from base station j. : :
Baseband circuitry 50 includes voice coder (vocoder) data interfaces
and other baseband processing features. In addition, user digital baseband
circuit 50 interfaces to I/O circuits such as a handset which inputs a voice



handoff region, the nobile 18 and the system controller 10 conmuni cate 25
w th one anot her to determ ne which base stations should be within the
nobi | e' s weidomeseet based on the relative pilot channel qu&crmusesisrizt he
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38 is responsive. Transmit power control circuit 38 outputs the power

control modulated signal to transmit power amplifier circuit 36, which

15 amplifies and converts the modulated signal to an RF frequency. Transmit

power amplifier 36 includes an amplifier which amplifies the power of the

modulated signal to a final output level. The amplified output signal is

then passed to the diplexer 34 which couples the signal to the antenna 30 for

transmission to the base stations 12, 14 and 16. Signals intended for the

20 system controller are received by the base stations 12, 14, and 16 and
respectively passed to the system controller 10 where they are combined.

FIG. 4 is a graph of a diversity receiver performance, measured in
probability of frame error rate, versus Eb/No where the diversity receiver
implements maximal ratio combining. Four exemplary curves

25 representative of probability of frame error rate are shown respectively
representing a mobile receiver having one finger (M=1), two fingers (M=2),
three fingers (M=3), or four fingers (M=4) configured to receive signals from
a corresponding number of base stations. Comparing the curves for M=1
and M=2, the performance of a receiver having two fingers and processing

30 two paths is better than that for receiver processing one path. This
comparison is made by observing, for a given frame error rate (ie., the
dashed line), a distance between the respective probability of frame error
curves. In the exemplary graph, a performance improvement is shown by '
the distance M;.,. Similarly, if a diversity receiver having three fingers'is

35 . used by the mobile, a performance improvement of M, is achieved where,
generally, My is less than the performance improvement of M.,. Similarly,
adding a fourth finger to a diversity receiver, provides a performance
improvement as shown by Mj 4. It should be noted that M; 4 is less than Ma.3



little to the reception quality at the nobile. This is particularly true in:
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" transmitting, the system capacity is not adversely affected by the use of

20 diversity combining.

On the forward link, however, the mobile 18 combines different
signals (all having the same encoded information) transmitted from base
stations 12, 14, and 16. Various methods for combining are known in the art
including maximal ratio combining, equal gain combining, and simple

25  selection whereby one signal is selected for processing and the other signals
are discarded. Providing an additional, and perhaps excessive, number of
base stations to the mobile’s active set will certainly improve the
performance observed at that mobile, but may actually degrade an overall
system capacity of the CDMA system, since additional transmissions from

30 the base stations communicating to the first mobile will appear as
background interference to a second mobile. The usefulness of a particular
code channel depends on a variety of factors, including its strength relative
to the code channels from other base stations.

The total power radiated in the CDMA communications system is

35 typically smaller if there is a sufficient gain in diversity. However, as
recognized according to the present invention, the total power which is
radiated is typically larger than what is required for adequate performance
even if the additional diversity is not needed. Whether an increase or
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variations in signal strength and thus signal-to-noise ratios which cause
15 respective pilots A, B, and C to fluctuate. It is these fluctuations that offer
significant potential for improving diversity gain, and the present invention
teaches how to exploit the diversity gain so to maximize system capacity by
changing forward traffic channel power allocation in rapid fashion.
The relative pilot quality strengths (pilot quality) of the pilots A, B,
20  and C fluctuate from frame to frame, and as seen from FIG. 5A, any one of
the signals A, B, and C varies in SNR relative to the other signals. For
example, in the first frame, pilot A provides the greatest SNR while pilot B
provides the least SNR. However, in frame 2, the relative signal-to-noise
ratios of pilots B and C cross (as shown in FIG. 5A) and at the end of frame 2
25 the SNR of pilot B is greater than that of pilot C.
FIG. 5B is identical to FIG. 5A, but includes a level A, (shown as a
crossed "x" line), calculated by control processor 46 (FIG. 3) of mobile 18,
where A, is representative of a fixed level A beneath the strongest signal-to-
noise ratio of the pilots A, B, and C in the mobile's active set. Preferably, A
30 is a single number generated by the control processor 46, although variations
of A, (ie., a plurality of A's) may alternatively be employed, such that
gradations of A are used to resolve more finely the relative signal qualities of
the pilots. Control processor 46 calculates a threshold signal A, preferably
continually, although an alternative piecewise or discrete implementation
35 A, may be produced.
As shown in FIG. 5B during the first frame, only the pllot A is at or
above the threshold signal A,, which, in this example, is set by the pilot A
itself (i.e., pilot A has the strongest SNR and thus A, is based on a level AdB
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11 ﬁgﬁgﬁ’gﬂ{c?hgﬁéﬁ( *f‘?@ﬁéﬁ?"%&%é rstations, or a signal code
channel f rom a  Bybadmlating iforandhicommparinigy As toieach mfe&edrdspetttem sigingimal

paths (i.e., gldh ¥he BHbd btations in the active set, the mobile has effectively gathered a
significant amount of information regarding particular communications
channels within a given frame. This characterization of the

15 communications channels may be exploited by the mobile by configuring
the mobile's diversity receiver and combiner in order to detect optimally the
signals transmitted from the respective base stations. Additionally, in

- accordance with one embodiment of the invention, the CDMA
communication system performance is also optimized by communicating

20  the best signal qualities of the pilots within the active set to the system
controller on a frequent basis so the system controller can make
commensurate adjustments on the forward traffic channel power allocation
between the base stations in the active set. The information is rapidly
communicated to the system controller 10 (FIG. 1) because the optimum

25 number and selection of transmitting base stations does not remain constant
as the relative SNR’s of the signals from each base station change rapidly
from frame to frame as illustrated in FIG. 5.

It should also be noted that the A value which is used to compute A,
could be pre-stored in the mobile station or it could be sent to the mobile

30 station via a signaling message or some other control method. It should
also be noted that FIGS. 5A and 5B are described in the context of frames
which may correspond to the frames used for data framing, interleaving,
and encoding on the traffic channel as described in the IS-95 standard.
However, this is not necessary in this invention and the frames shown in

35 FIGS. 5A and 5B may not correspond to any particular processing interval,
and may be either shorter or longer than the exemplary value of 20 ms.
Additionally, the various transmissions described above are generated by
different base stations. However, the invention is also applicable to any
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20 5A and 5B) which the mobile station is tracking.

To provide the system controller 10 (FIG. 1) with this information on
a rapid basis, the present invention provides a novel communications
protocol between a mobile and system controller 10 discussed herein in
reference to FIGS. 6A-6C. FIGS. 6A-6C show alternate forms of a signaling or

25  control messaging in the form of a bit vector message reported to the system
controller (selector) 10 through the reverse link signal transmitted from the
mobile 18 to the selector 10 by way of one or more base stations (12 and 14).
The bit vector message is preferably transmitted on a frame-by-frame basis,
although more frequent reporting, as well as less frequent reporting, are

30 alternatives.

In one embodiment of the invention, a multichannel reverse link
signal is employed, where the reverse link signal is comprised of a set of
orthogonal code channels defined by a set of Walsh codes in similar fashion '
to the forward link. In this multichannel reverse link implementation, the

35 Dbit vector message is preferably communicated through one of the
orthogonal code channels in the reverse link, so to minimize the delay time
before the system controller can act on the information contained in the bit-
vector message. A system and method for transmitting data using such a
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base stations. In particular, FIG. 6A shows a 10-bit vector message which is

short in length, yet capable of reporting to the system controller 10 which of
the pilots in the mobile's active set have signal qualities at or above a given

15 standard (e.g, the A; threshold signal in FIG. 5B). The bit-vector message
need not be limited to 10-bits, and can be in other formats other than a bit-
vector although it is desirable to have a short message. In order to reduce
the number of transmitted bits, the bit-vector message presumes an
arrangement of the respective pilot channels based on an initial ordering of

20  the pilots identified to the mobile from the system controller in a handoff
direction message.

The CDMA 15-95 standard permits up to six members (pilots) in the
active set, all of which can be accommodated in the pilot quality bit-vector
message. In FIG. 6A, the pilot having the best (i.e.,, highest signal to

25  interference ratio) as judged by the process described in reference to FIG. 5B,
is identified by a three-bit data field index which uniquely identifies its
position as originally reported to the mobile in the handoff direction
message. The index is denoted in FIG. 6A by the three-bit data field I, I, and
Is,- Thus, if the pilot channel from the second base station reported to the

30 mobile in the last handoff direction message is received with the greatest
SNR, the three bit index is set to two (binary 010), or alternatively 1 if the
index runs from 0 to 8. .

The bit fields U*, U?, U®, U4, U®, and U°® each refers to respective pilots
as originally listed in the handoff direction message, and indicates whether

35 the corresponding pilot channel was received above the A, threshold signal.
For example, the bit in the data fields U™ is set to 1 (or alternatively 0)
indicating to the system controller 10 that the pilot channel corresponding to
that bit position is being received equal to or above the A, threshold signal.
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would return ‘1’ in H™ if it were referring to the handoff direction message
15 with sequence number ‘101’ and would return ‘0" in H™ if it were referring to
the handoff direction message with sequence number ‘100". By including the
sequence number, the base station can positively determine which pilot the
mobile station is referring in the three-bit data field I;, I, and I; and in the
set U, Uz, U3, U4, US, and U®. _
20 In an embodiment of this invention which includes a multi-carrier
forward link, the bit vector U?, U?, U®, U* U®, and U® can be expanded to
NxM bits, where there are N possible base stations in the active set and there
are M possible antennas at a base station. Alternatively, M can correspond to
the number of possible multi-carrier forward links at a base station. In this
25 embodiment, the mobile station reports the strongest of the NxM multi-
carrier forward links with the vector I;, I, and I; (which may need to be
longer to take into account the need to identify the largest of NxM items)
and reports which other multi-carrier channels are above A; using the vector
U'. In an alternative embodiment, the mobile station reports the strongest
30 base station, rather than the strongest carrier, using vector l;and then reports
which other multi-carrier channels are above A, using the vector U,

It should be noted that A; can be either with respect to the strongest
base station or the strongest carrier over all base stations in the mobile
station’s active set. It should further be noted that the strongest base station

35 can be determined by summing the pilot Ec/ly’s from all the forward link
carriers of a multi-carrier base station as has been done with multipath
components from the same carrier as is commonly used in IS-95. Thus, the
total strength of a base station is given by summing Ec¢ly’s from all the
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The base stations respond by not transmitting the traffic channel

during next frame of data directed to the corresponding mobile. Because the

20 signals from the identified base stations are being received by the mobile 18

with a significantly lower SNR than at least one other forward link signal,

the increase in the error rate of the mobile will be small relative to the

reduction in transmit power for the entire system. While the identified base

stations discontinue transmitting the traffic channel, the signal processing

25 resources within those base stations will remain allocated and ready to begin

transmitting the traffic channel upon request by system controller 10. Also,

these base stations preferably continue to process the reverse link signal
transmitted from mobile 18. |

As the communication continues, mobile 18 continues to monitor

30 the relative strength of the pilots received from the base stations in the

active set. When the status of a pilot changes, for example when a pilot is

received above the A, threshold, mobile 18 generates another bit field

message indicating this change in status. Mobile 18 also generates a bit field

message when the pilot channel with the best SNR changes. System

35 controller 10 receives the bit field message and instructs any base station in

the active set for which the status has changed to either begin transmitting

the traffic channel for that mobile, or to discontinue transmission of the

traffic channel, as the case may be. Each base station responds by
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vector indicating that the pilot channel from a particular base station is
received less than the A, threshold below the strongest pilot channel, the
15 gain adjust in the next frame directed to that subscriber is reduced.
Subsequent frames can be reduced further as more vectors indicate the pilot
channel from that base station remains the A, threshold below the strongest

pilot.

Control system 10 may also perform a more advanced analysis of the
20  Dbit vectors received to better determine the stability of the environment in
which the mobile is operating. In particular; control system 10 may monitor
the rate at which a particular pilot channel changes from being above and
below the A, threshold. If the rate of change exceeds a predetermined
threshold, control system 10 will determine that the mobile is in a fading or
25 otherwise unstable environment, and therefore that the signal from each
base station in the soft handoff should be transmitted continuously. When
such a determination is made, control system 10 instructs all the active set
base stations to continue transmitting the forward link traffic channel, even
when some pilot channels are detected the A, threshold below the best

30 received pilot channel.

FIG. 6B shows an alternative data structure for a pilot quality bit
vector message transmitted from the mobile to the system controller 10 via
the base station. This alternative embodimerit is similar in structure to the |
data structure defined in FIG. 6A although only including five bits for

35 identifying the six members of the active set. Only five bits are used because
' the identity of the sixth (ie., the base station providing the strongest signal-
to-noise ratio) is identified by the first three bits of the pilot quality bit vector
message (i.e., I;3). By uniquely identifying the strongest signal in the first
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than merely above and below the threshold A,. A still further embodiment
would be to include all the Ec/Io value for each pilot. Thus, for a system
with six possible pilots in the active set, the Ec/Io would be included for each
possible pilot in the active set. It should also be clear that sending the Ec/Io
20  of the largest pilot in the active set and then relative Ec/Io values relative to
the largest pilot is another possible embodiment. While each of the
embodiments in FIG. 6A through FIG. 6C define alternative ways to report
the relative measured powers preferably on a frame-to-frame basis,
combinations of the alternative methods are possible as well. For example,
25 the first six bits of the measured power message may be used to uniquely
identify the first two strongest pilots of the member base stations, while the
next three bits are used to identify the relative positions of the next strongest
three pilots (i.e., for a set of five members).
A further alternative approach would be to have only a single base
30 station transmit to the mobile station. In this case, only the three bit vector
message (i.e., I;.3) needs to be sent from the mobile station to the base station.
An alternative arrangement is to have the multi-carrier base station
transmit through only one antenna ‘at a time. In this case, a single bit is
needed to specify which antenna can be used. Clearly, this can be used in
35 combination with the methods described above.
When communicating over known fast or slow fading channels an
alternative embodiment for determining the A; threshold is employed to
more effectively overcome the effects of fading. In contrast to the preferred
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frame 2 receiver and the mobﬂe is not as great as in the case of the fast fading

15 environment, primarily because an interleaver used in the receive process
does not provide as much benefit as it ordinarily would when the fades
have a duration which is less than the length of the interleave duration.
However, in slow fades where the duration of the fade is greater than the
interleaver span, a greater Eb/No is required in order to provide acceptable

20 communication quality at the mobile. Furthermore, the duration of one
frame for performing an averaging on respective pilot strengths is
insufficiently short to determine whether or not respective communication
channels are subject to slow fading.

Accordingly, in this alternative embodiment each of the respective

25 Dbase stations implements a filter, which integrates and normalizes each of
the Uy bits (FIGS. 6A and 6B) in the bit vector message. If individual ones of
the Uy bits toggle, ie., changes states at least once, then this toggling indicates
the channel between the respective base station and the mobile is subject to
slow fading. Accordingly, system performance of the CDMA system will be

30 improved if the base station subject to the slow fading continues to transmit
on the forward traffic channel. This observed toggling may also be used as
an indicator at the system controller to indicate whether the mobile should
be placed in a soft handoff region. For example, if the bit field representing
the pilot strength for a given base station is nearly always 0, or always 0, then

35 the respective base station should indicate that the pilot is in fact much
weaker than the strongest pilot, and the base station producing the weaker
pilot should not be included in the active set because it adds practically no
beneficial value to the performance of the mobile. It should also be clear
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In frames 3 apd 4w ¥nPlsidbling 23R8 FvRiBnBPRV&en faster, the switching can
occur during a frame. In this case, the base station must receive the data to
15 be transmitted during the frame. In one embodiment, the base stations
encode, interleave, and further process the data for transmission. The data
output stream is enabled or disabled based upon the feedback from the
mobile station. '
As an alternative to the threshold method for determining which
20 pilots to identify in the pilot quality bit vector, a second "finger assignment”
method is herein described. In the mobile, the mobile station makes
estimates of the received pilot Ec/Io from every base station in the active set.
If the mobile does not have a finger of its diversity receiver assigned to the
base station, the Ec/Io for that pilot is set to 0. If the mobile station has a
25 diversity receiver finger allocated to a given base station, the mobile
determines the average Ec/Io over the previous 20 milliseconds (preferably,
although, alternatively, longer or shorter averaging times could be used)
and reports that value. The 20 ms period corresponds to a CDMA frame
length. The mobile station then identifies the largest pilot having the
30 largest Ec/Io value and assigned an index A™ For all other pilots in the
active set, the mobile station sets respective bit values in the bit-vector
message to 1 if the Ec/Io value for that pilot is within A; of the Ec/Io value
for the maximum pilot. If the receiver has only N fingers, where N is less
than 6, then no more than N pilots are reported in the bit-vector message.
35 Because fingers may be assigned to both a direct signal path and an
image path (i.e., a multipath image), the finger assignment method prevents
"too many" base stations from being reported as having signals that are
usable by the mobile. For example, if a diversity receiver has three fingers,
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where each of the respective pilots, pil'oti, are compared with signal A; to
20 determine whether the respective pilot; is greater than or equal to A,. This
comparison step is performed, preferably, over the duration of a 20

millisecond frame period, and terminating at the end of a frame period,
although other sampling intervals taken at other points within a frame or
in multiple frames is consistent with this embodiment. If the respective

25 pilot; is greater than or equal to A, a bit in the bit-vector message (see e.g.,
FIGS. 6a-6c) indicating that the respective pilot; is greater than the threshold
A;. If however in step S5 it is determined that pilot; is not greater than or
equal A,, a bit in the bit-vector message is set to indicate that the respective
pilot; is less than or equal to A, (preferably setting the bit to "0").

30 After the pilot quality bit vector is formed in step S7 or in step S9, the
process proceeds to step S11 where the mobile sends the bit-vector message
to the base stations in the mobile's active set. At this time, the mobile sets a '
timing loop, which is used at the mobile as an indicator for the mobile to
determine when the mobile should adjust its fingers based on the mobile's

35 anticipation of the system controller 10 adjusting the power in the forward
traffic channel in response to the mobile's earlier bit-vector message. By
setting the timing loop (which is easily accomplished by the mobile counting
consecutive 20 ms frames), the mobile knows when the change in the
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time threshold, the mobile adjusts the fingers in its diversity receiver
corresponding with the base stations identified as being equal to or greater
than the signal Ar as determined in steps S7 and S9. By adjusting the fingers,

15  the mobile combines received energy only from those base stations in the
mobile's active set which in fact are transmitting on their respective code
channels. After step §17, the process repeats, where the mobile continues to
monitor the respective pilot strengths foreach of the base stations in the
mobile's active set.

20 Because the mobile station generated the particular bit-vector message
and the response of each base station to the bit-vector message is based on a
predetermined algorithm, the time at which each base station changes the
forward link allocation is known by the mobile station. Thus, the mobile
station can properly combine the signals from only those base stations which

25 are transmitting at the time. This is advantageous because combining the
signals from base stations that are not transmitting to the particular mobile
station would cause unnecessary noise to be introduced into the receive
processing negatively impacting “the result. This would result in a
performance loss, a higher required Eb/No and a loss in capacity. Similarly,

30  if the mobile station did not combine signals which were being transmitted
to the mobile station, and which were receive with sufficient strength, there
would be a loss in capacity.

In one embodiment of the invention, the mobile station compensates
for transmission errors in receipt of the bit-vector received by each base

35 station by first attempting to demodulate the received forward frame
assuming that the message was correctly received and processed by the base
station. In most cases the mobile station will correctly demodulate the
frame. However, if the frame is in error, then the mobile station can
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SYSTEM' fil %%t.on’f'i_’l/ez%/rg esgsgégqng CLmt Osté he ﬂgl%e tﬁg mobile measures the
respective pilot strengths of each of the base stations in the mobile's active
set. Next, in step S34 the mobile generates the threshold signal A; based on

15 the measured pilot strengths. Then in step 836, the mobile compares both
the direct (direct) and multipath signals, for each of the respective base
stations and compares the direct and/or multipath signals to determine
whether either the direct or multipath signals are greater than or equal to A,.
If a direct or multipath image is greater than or equal to A,, the process

20 proceeds to step S38 where the diversity receiver assigns a finger or fingers to
the direct and/or multipath signals that are greater than A,, as determined in
step §36. Subsequently, the process then proceeds to step S42. However, if in
step 836 it is determined that neither the direct nor multipath signals of a
respective base station is greater than or equal to A,, the process proceeds to

25 step 5S40 where none of the fingers of the rake receiver and combiner
circuitry are assigned to that particular base station. The process then
proceeds to step S42. It should be noted that the A, in FIG. 8 is different from
that in FIG. 7. InFIG. 7, A, was used to determine whether to report a pilot;
in FIG. 8 it is used to determine whether to assign a finger of the rake

30 demodulator. As such, the A, in FIG. 8 will typically be smaller than that of

‘ FIG. 7. _

In step S42, the mobﬂé sends a bit-vector message to the base station
and the active set, indicating the finger assignment made at the mobile on
the direct and the multipath signals. If either the direct or the multipath

35 signals are greater than A, the mobile formats the bit-vector message
indicating that at least the direct or the multipath image is greater than or
equal to A;. The process then proceeds to step S44 where the base station
relays the bit-vector message to the selector at the system controller such that
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20 transmitting to the mobile station.

In an alternative method for changing forward traffic channel power
allocation, steps S1 through S15 are the same as that shown in the preferred
method of FIG. 7, although the base station also transmits to the mobile an
indication of which of the base stations are in fact transmitting on their

25 respective forward traffic channels. Thus, in this alternative embodiment,
the system controller, not the mobile, controls which of the base stations
transmits to the mobile. |

This invention has been described in terms of setting a threshold A,
relative to the strongest pilot as has been described in the text and FIGS. 5A

30 and 5B. Many alternative metrics can be used. In particular one which sets
the bit U’ to ‘1’ only when the pilot sufficiently increases the total Ec/lo can
also be used. This technique is described in a copending US patent
application entitled “Method And Apparatus For Performing Soft Hand-off
In A Wireless Communication System” serial no. 08/790,497 assigned to the

35 assignee of the present invention and incorporated herein by reference. .
The invention has been described in terms of transmitting the entire
forward link from a set of base stations mobile station. A system and
method for conducting a high speed data link using a fundamental and



as originally listed in the handoff direction nessage, and indicates .-
whet her 35 the corresponding pilot channel was received above the [err]

threshol d igevalsers For exanple, the bit in the data fielPdS/USpP&I87)2i S
set to 1 (or alternatively 0) i ndi c%i ng to the systemcontroller 10
that the pilot channel corresponding to

that bit position is being
recei ved equal to or above the [err] threshold signal

19 | n sipplemendal channpleris] described iro co-pending 1S (Raterb applicrtien) o
woul d recognierfaltfighber 08/7%594‘(9' *&itithid qtrahgﬂi'i iHowest Redubtoh aFdr hamig

di t -t o- t th b

cqual o or Speth CORA Link dar SofHangiptt”® arih iy So-BRSARE VS s Biteter 1)
are al so sety lgalmnprs@ﬁﬁsagr 03@794231ere@b1t},ed0n’I-hgh5Data rﬁmte Bupplementslsi s
- vt tntﬁd hel PO CHME el blcationt Ssietep”; B8 a%sgg?* I the' "
Herr], is tk&lgmumﬁﬂa presder invention and incarplorfatediihesein b fir Imhe
data field

fdent f1cati B biet %@é’eﬁ. B BoeBlh SRE (P link is sPRPL{6!d Rindain k) @
H err] coul damé asuppkimdsitak chanhehgtThe aﬂuxdamntabmhameé ols| @prﬁémaowlb@ e

bit. For the u t a bi f gegnce
rurer " HNBEP et sibe SIS B sybesk ooy,
Y,

sequencell anngleiss tagsmitted fropy’ the$3mee stafigns Bf
nobi l e stati @Hannel or'®WgiBset @hetredf. Thd Mviiticn désctibedidrereinetan bergppliedt he

" Tn Her 10 e ERGERESl baRhol e CUPPICTREIhABR g7 PR on mossage
wi th sequence nunBEE. 91B0a. sfyctium| diigrgmt hf a multi-carrier spread spectrum
forward link and a single carrier wide-band spread spectrum link. Although
15 not shown completely to scale, for the multi-carrier approach, the spreading
bandwidth for each carrier is shown as 1.25 MHz, and for the single carrier
wide-band approach the spreading bandwidth is 3.6864 MHz. The multi-
carrier approach has various advantages including allowing each carrier to
be transmitted from a differently configured antenna, which in turn
20 provides a unique fading pattern for each carrier decreasing the likelihood of
all three carriers fading simultaneously, and therefore of communications

from being disrupted.

FIG. 10 is a block diagram of a multi-carrier transmit system
configured in accordance with one embodiment of the invention. Input
25 data is convolutionally encoded and punctured by conventional encoder
100, and the encoded symbols are repeated by symbol repeater 102 to add
additional redundancy. Block interleaver 104 block interleaves the repeated
symbols in 20 ms time intervals and the interleaved symbols are scrambled
via XOR 106 with a decimated long code generated by long code generator
30 108 and decimator 110 in response to a user long code mask. The scrambled
symbols are demultiplexed by demux 112 into three symbol streams that are

each transmitted over a respective carrier signal. : _
For each carrier signal, the respective symbol streams are QPSK
mapped by QPSK mappers 114. The QPSK symbols are each modulated with
35 the same Walsh channel code by Walsh code modulators 116 and.the
resulting Walsh chips are further modulated by with an in-phase spreading
code PNj and a quadrature-phase spreading code PNg by spreaders 118. PN;
and PNg are preferably the same for each carrier. The resulting spread



sequence nunber, the base station can positively determ ne which pilgt the .
nobile station is referring in the three-bit data field I[err], “I[err}, and
I[err] and in the set Uerr], UYerr], Yerr], Uerr] and
Uerr]. 290913675 |y an enbodi ment of this invention whi cﬁ?%#gﬁbggz

mul ti-carrier forward |ink, the biggvector Uerr], Uerr], Uerr],
Uerr], Uerr], and Uerr] can be expanded to NxM bits, Wnere there

are N possnéyﬂoé@%eem{éms g&ﬂ%&f&bﬁeﬁﬁg ath'ntei‘q{' uenc

possi bl e anfennas at base atio ond to
t he nunber a§showar imFEGf;and. dted:. $h‘-ﬁ4(§1%? 58M€ | n

this 25  ayath fedtinel kb@e mbeé@l ééz@idrohompéf tthe tWRISH rdhaﬁﬁélt code Nx M
mul ti - ier. forward |inks with the vector I[err], I[err], an

I[err] (V\hil@ng’r@ﬁeﬂ bed to be longer to take into account the need to
identif$ the | ar@&ﬂlpfs dNeldck tdiagtam of a portiore pfrat recedviechystéeemployed

o ter nat 1 veSh g BRI, Yrd o ﬁo%c%f%%r?%v#%nﬁ%& fgé\%%%’hsewﬁaﬁéﬁ*% ILQSZ”
station, reaceerdancarwitheons resnbedimerdr of uwenglomct

t t
epOrts - eneHEy Sbahdifiss Tildrbd 819 1z AE] padl rﬁf@ﬂ“”‘?aﬁﬂ é‘m“?‘?% wi th

vector Uerr

err]_ can be
respect to AR 2rapayeate of 8x1.2388 MHeqt Withan fﬂf’féf ?PP&n ftwoal 12§
al | bag@ Stpdrtidns dfithé REnPMY are furtherSd@Whétsthereéa HigtaABt td basebanid (byfaurt her

Che i hot | CLAMEE PSR copiatled Gesilaled QNG of op%ter L PE gt AgpirE” "0
mul ti - carriNCasé as2. 51Mhm I\@Ohaﬁdtiherﬂ\demeensmﬂsam;blbs paeHowpass fillepashent s
fromthe sage, E%VM?{ ?ﬁld&dﬁﬂm‘ﬁ% 318%%95 'ffl‘tek%e?@i eceivbb%s ma]t?ﬂ&f]al

i

strength of a ase on I's give

20 filter or a part thereof. The resul‘cmg sets of lowpass ltered data 1s passed to
15 rake receiver 210, which demodulates and combines the various multipath
instances of the transmitted signal. The resulting combined soft decision

data is passed on to a deinterleaver for deinterleaving and then decoding.
Obviously, numerous modifications and variations of the present
invention are possible in light of the above teachings. It is therefore to be
20 understood that within the scope of the appended claims, the invention

may be practiced otherwise than as specifically described herein.

WHAT IS CLAIMED IS:



forward link carriers and all nultipath conponents on a particular carrier.
In response to-the bit field nessage, the systemcontroller 10 receives

t he measureg] V\ﬁ nmessage and, as will be discussed herein*ﬂet-e{uxh{ﬁs

whi ch of tH g’?‘d d's in the active set to remove fromthe fg r‘\ﬁard traffic 5—
channel s, and whi ch of fhPJnase—sic ations3lo keep transmi ttl%aﬂ B"""SRepIaced

system control I er I ch base stations are tra
signal s tha !H E ved below the [err] thresh ”/ng
the bit field emcontroller 10 then instructs the

I dentified base statlons to stop%l%gttl ng -the traffic channel
directed to the correspondi ng nobile ch in turn reduces the
transmt power of the forward |ink signal generated by these base

stations. In an aﬂ@[ﬁﬁ&hd@f(ﬂnidjdsm@j;;rwm traffic channed tpowenallocatioraiin of

the systemcontroller, ..can receive n det er mi ne whet her
it is to2trhSHTEHCaHERs S eF‘i R™ nﬁ%@?%ﬁ e?.’I(gfwers del ay_though it

may be |ess reli aieasuting athe mwbileestationi respective signal xmalitiesdef fpiladsal |
base st aty Orxeségéu\;tﬁf aRmitta b b{%ﬁl&%@hoﬁ 9&%‘&%&% in an AERRSEI4E Sd L he

forward I41 recerve t ever transm ssi on.
The base stam0bmls steipond by not transmitting the traffic channel

d t f Hebadse th
128 L Tt i s eson st g

20 signals from 1Tl base s

?1'; belél.l% ce| q’b‘ﬁ ag
mobi l e 18 wi FePOXHEE A mEssagh £ 3 %?ms‘f’@ ) é Hett
forward Ig nkpibgnalsaid mobllef's%atﬁd}t:é@.@ai&)rl S‘ﬂn' ﬂss @1id tandsrd; ahdt he nobile will

be small relative ctl ns n e
system Wile the? ﬁa]d‘éhf‘gfﬁaé%lf ﬁfog)vsconﬁ%gerpltbragég%ﬁt%dﬂ

the trafld c measagd., the signal proce55| ng 25 resources wthin those base
stations will remain allocated and ready to begin transm' tting the
traffic channel Eon request b% system control | er 10. these base
stations prefer abRy Tenme Clime bswh ?Wﬁé\ﬂe?@@ﬂ#’ﬁ‘l& %?Brﬁ%mpnse

transmtted from ﬂaﬁn 9& threshold signal/§ daid seadardibestd @n abldashons of
mobile 18 Cogat1|cln}laj1 Sts' R havmg a(iargest measured signal quality over a predetermined

4 time interval; and :
comparing each of said respective signal qualities of said pilots to said

6 threshold signal.

3. The method of Claim 2, wherein said reporting step comprises the
2 stepsof:

generating a bit vector hstmg in a predetermined order values
4 representative of respective signal qualities of said pilots; and

including in said bit vector list an index identifying which of said
6 pilots has the largest measured signal quality.

4. The method of Claim 3, wherein said reporting step, comprises
2 reporting said bit vector to the system controller at least once every frame of
a CDMA 1S-95 protocol. -

5. The method of Claim 3, wherein said reporting step comprises
2 reporting said bit vector to said system controller on at least one of multiples
of a frame and fractions of said frame of a CDMA IS-95 protocol. '

6. The method of Claim 3, wherein said communications system
2 comprises an CDMA IS-95 communications system and said communicating

THIS SHEZT HAS BEEN |
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30 the relative strength of the pilots received from —tte base stat'e &ai N
he active set. \Wen the status of a pilot changes, 1f;0shee aﬁfn a
..

t _ 3

pilot is recej v Hﬂﬁﬂ I ] threshold, nobile L

anot her bi V9 P¥13™ H!', Lunﬂwm ting this change in s

al so generates a bi't field " hes'sage @hen the pilot cha wth the
best SNR changes. System 35 controller 10 receives the bit field nessage
and i nst r uct greBnyolifsifses! dbirithuhitating dald BR! WeBroFCles i tus
has changgd toﬁeiéh begi n transfann?gi ng1 ;‘)tégmt%r glﬁég ?t?énne‘?dr%orsé!?hat

mobi | e, t BPEREBALY nue transni ssion of the traffic channel, as the
case may be. Each base station responds by

21 transmtging e next .d fr ila.the traffic channel if the
i nstruction s tgﬂﬁéﬁ?tﬁofir%trgﬂ@gg‘ﬁ%e%y not transmtting the next
data frark if thesaid measstringctstep compirisedi Inensuringe tespactives ssignabftd he

traffic Chanﬁﬁlarfgléesncgir?ﬁo%forl %iglpgl%%g%lgve enbodi ments of the invention,

mobi | e 18 generatres ) ges periodically, for exanple once
each frarke. By keaidigegerating step compriseal ganerating withréshodd s ed @mi on
for transmtig ' : . ' ; i ckly
be act | varéed*“q%%%“éﬁﬁ’f Tt of saicRPBRe HgRal Kl FerIe o T0r it
conditio pilots. In still another enbodi ment of the invention, the
system control ler 10 10 includes a gain adjust field in each data frame
sent to a base stgtion., The Qgin %ﬂ' st fiel.d indicates the transmt
power gain at whi th t h&0f R§HRodofilJaim 7, wherein.said eengtatme fep rompREiaes

station. 2Mesubdtyadting Cmmb roldrgestldf sadd eevpective signal to interference ratios a
predetermined level to produce a threshold signal.

9. The method of Claim 8, wherein said largest of said respective

2 signal to interference ratios having a minimum, and said comparing step

comprises comparing each of said respective signal qualities of said pilots to

4 said minimum of said largest of said signal to interference ratios of said
pilots. '

10. The method of Claim 3, wherein said listing step further
2 comprises the steps of: .

receiving a handoff direction message which identifies said base
4 stations in said active set of said mobile station in a predetermined order;

arranging respective data fields of said bit vector to correspond with
6 said order; and

placing respective values in said respective data fields indicative of
8 whether respective ones of said pilots surpass said threshold signal. '

11, The method of Claim 10, wherein:
2 said receiving step comprises receiving a set of received direct and
multipath signals corresponding to said pilot signals, said set of received
4 direct and multipath signals comprising a subset of N received direct and
multipath signals each exhibiting a signal to interference ratio that is greater
6 than each of a subset of signals that are not in said subset of N received direct
and multipath signals; and ,
8 said placing step places said respective values indicative of respective
ones of said pilots surpassing said threshold signal in said respective data

THIS SHEET HAS BEEN
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vector indicating that the pitot—Tthannel froma particul ar_base—station ificed
recei ved | ess t.hanJ‘ﬂ [m _ jjol d bel ow the strongest pil gt ehomeeeler
the 15 gain adju " l“ “"ul 'ﬁmame directed to that sub8b$iai \\
reduced. WO9%3bhsedueht frdhes can be reduced further as nor \“

I ndicate the pil ot channel from that3zbase station renain

t hreshol d bel ow t he strongest pi |l ot. Control system 10 may
al so perfgor Toirty GBSheRBFRI6HeS o said'Bil6R corldbpon@b@ks received to
better c}fggeﬁaﬁe t he s%/fﬁgi IE% %%)éﬁ%,ogsei,rglnrre t i f) .whi.ch the nobile
i s oper ati ngeastoppf p |%b§e%e§chegf>¢9t@mq uﬂ%ﬂﬂ‘cﬁ‘g“als' the rate at
whi ch a particular pilot channel changes from bei ng above and bel ow
the [err] threshold.,lf t r,at f change.exceeds.a pr.ede ] .

t hreshol d, controiéj‘s &éﬂ?‘%@dﬁffﬁ:ﬁ&@tﬂf, Ffé‘efﬁz?fnffrﬁéngrotgﬁglget%?f%ﬁgg‘g i ng
or 25 @ hegaldl IrRessage ahlaetivn set datarfidld ianwhidrentleastondaf a turrenyyactivé r om
each bas ation.in f I e nsmtted

cont i nuousl y?e%’va% st g&dessfgﬁégef{‘%%%g%%gﬁp% lnaeﬁfe?f,lg%lght rol system 10
instructs all the active set base stations to continue transmtting

the forward |ink {4 afi| , i ' PoYabeisas ©
detected the [err}é't Eﬁgﬁgm?fﬁsﬁﬁgﬂgﬁf%%ﬁ%ﬁa\?gg so %tclga nlesl .
Pt

FIG 6B $howmeapuringesignel qualities:of pilots taspeetdyely tansgpi agt one
vect or nmessagids 818 TedpgeRflvé bﬁ@dffsaidggmrbﬁtf 6f balR ssarséreyinceid raetivesetl0 vi a
the base station. This alternative enbodinent is simlar in structure to

t he data structure defined in FIG 6A although only including five
bits for 35 idenl4fyi Thetrhethedxof€hdiny t, whetdir saict adjasting.st€n kgmipirises:bi t s

are used pecause %or%réig%haglfdgﬂga?ai el cil{oa_r?ﬁtg:fi rﬁ%icatighrﬁxﬁ?élecitgl 4R

providing the strg . ] 1 era L dent1fi g y .t
first three bidicatihgtwhighi [oft sgidhibasg $ationscargr to transmils Fgepeqtive, code

Ilerr]). By HMUAAL Yo S8 bYIIE%thABn SINPREIGEh SedARY th Ntrdhémiti taspective

code channels to said mobile station; and

he

6 communicating said forward traffic channel power allocation control
command to said plurality of base stations in said active set.

15. The method of Claim 1, further comprising the steps of:
2 starting a timing mechanism at said mobile when said message is
initially reported from said mobile station; and
4 observing when a delay time has been reached, said delay time
corresponding to a difference in time between when said message is initially
6 reported from said mobile and when said forward traffic channel power has
been adjusted.

16. The method of Claim 15, further comprising the step of changing

2 a finger allocation of at least one finger of a diversity receiver in said mobile

station, said finger allocation corresponding to which of said pilots were

4 reported in said message in said reporting step as equaling or surpassing said
standard.

17. The method of Claim 14, wherein said forming step forms said

2  forward traffic channel power allocation control command to indicate that

not more than N of said base stations are to transmit respective code

4 channels to said mobile station, where N corresponds to a number of fingers
in a diversity receiver at said mobile station.

THIS SHEET HAS BEEN |
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22 three bits of the pilot quality bit vector nessage, each of th ,
ot her nenbers of the active set is sequentially :TEW
subsequent bits i n “mlpmlu“m n‘&llﬂual ity bit vector sage, W tf. @gﬂaplaced

inplicit uwdbessaBen S no ~ bit identifyrh@ =t

of the strongest base Statioh 3f! G 6C shows a “N
alternative pilot quality bi t vect or message f or mat

three bits I[err] are used to uniquely identify the st ongest pilots

of the base stations in the active set, the next three bits, Jlerr]
i dentifying the sicole stethodesftClaimdl, twketefn:r d set of t hr ee bits, Klerr],

Thus, 102 Ceach GR9 1toRbfBBNE eB clbpRised WerlBIRERS Slnecher aﬁ‘%ﬁ%e 2 ve
set are ﬁngarqﬁei diviedsity rédeixer has laeeneadkzcatedoifo a node ghaoaelsignalfsom be

to add ag s:écgq%ﬁblgn&{dthree bits for each of the fourth, or fifth, or
sixth strongest fromthe nenbers of the actlve st t hus uyni quel y

i dentifying t hemem1 reporting stepr COMpIiseHEIePORBNE Which @ Pse FIRHPBR A

bit to tlge atz‘é iveNb&ecRahREl EiPral ithet Rhs whfhlwcatétet@lshm atin
finer quanti zatlon evel s, rather t fan nerely above and bel ow t he

t hreshol d [ F2St.00€ 8?’7 further enbodi ment woul d be to include all
the Ec/1o value for each pilot. Thus, for a system Wi th six possible

pilots in the act, et /
possi ble pilot i n19t ﬁgﬁ%é?f’%\g%sgf dlﬁr‘{ml#ogﬂgeerg I{‘%EEE’?%,%@{P{ E&E’ %%IH rlsest he
Ec/10 202 dhetstep lo&rggmerating at bitrwecher hehngensetpradgtewmnedetp F\N-;RIEGM )

val ues rel at ssi bl e enbodi ment .
Whi | e each IJfe }S?%Steﬂtatwe oﬁﬂé’sgl ma%?ﬁnal éﬁéﬂn%s of 1}1&% G 6C define

alternative ways to report the relative rreasured powers preferably on

a frame-to-f rarre zimasrﬁe meﬂlodcéﬂmmﬁlﬁlml@érehh%a&l trepasming/etepetdsm@msese
possi bl e jas me

message fay BE qjigga ip Sa}).(fﬁgg veqcy::r an Hides | ennffrir{(g Bhé orYaid Iﬁuﬂﬁﬁ Yrghspover

stations having at least two fingers assigned thereto.

21. The method of Claim 19, wherein said reporting step, comprises
2 reporting said bit vector to the system controller at least once every frame of
a CDMA I5-95 protocol.

- 22, The meéthod of Claim 19, wherein said reporting step comprises
2  reporting said bit vector to said system controller on at least one of multiples
of said frame and fractions of said frame of a CDMA IS-95 protocol.

_ 23.  The method of Claim 19, wherein said communications system
2 comprises an CDMA 15-95 communications system and said communicating

step comprises communicating $aid bit vector either periodically or
4 aperiodically.

24. The method of Claim 18, wherein said generating step further
2 comprises the steps of:

receiving a handoff direction message which identifies said plurality
4  of base stations in said active set in a predetermined order;

arranging respective data fields in said message for each of said
6 plurality of base stations to correspond with said predetermined order; and

placing respective values in said respective data fields indicative of
8 whether said at least one finger of said diversity receiver has been

[THIS SHEET HAS BEEN
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identify the first t engest pilots of the nenbe[mle
t he < next ree hit .mEd to identify the rel at Lv&ee;@ﬁggiﬂeém t he
next stroa,g]egﬁt L‘!‘\‘\ Lgﬁﬂm‘l“ (i.e., for a set of fw& ! \
A further er | approach*wul d be to have only a s\ ::\ 2l
station transmt to the nobile station. 3bn this case, on : ree bit
vect or nessage (i.e., I[err]) needs to be sent fromthe nobile station
to the baseregpaitively allocated\to hidepluaalityeofdsaRedigeil -is to have the
mul ti-carrier base station transm't through only one antenna at a
time. In this case, a single bit is needed to specify which antenna
can be used. O & |The hivthod aif Tleinn 2d( fitnheb comphishag ithe steép bf addingtdods

descr.i bgd . i_cat § ng w
fadi ng_ ehanad essage an actyy s it SRRTAR SERICHTS BAEY ofF B, ot Reb el

t hreshol d isetenpashyastiveset, and arfuture attive setodrg identifiahie. t he ef fects of
fading. In contrast to the preferred i

23 enbodi nent where [err] is _based on the pilot having the |argest
average SNR 269v er Theymethoghef claim havhereinesaidpileigiage fransmeitiad, pivem

val ue of) the 1uralit)n§f(h§§iﬂ@r@'§ sover the frane is used to determne [err].
Thus, if at Feast t he strongest pilots are.subject to fading, setting
the threshold [err] at the 5 mininmumof the strongest pilot over the frane
will permt nore7il dile trethed of claifhé eviidtein iid |plubaléghefl chrrite Gdgmhlagl v,

P om oo oectetartE B DfbRaifthdine Pty HiikerB SRR °

sem - i ndepenrdennapat hs. More particularly, in a fast

28. A communications system, comprising:

2 a plurality of base stations which transmit respective pilots and
respective code channels comprising a forward traffic channel;

4 a system controller communicatively connected to said plurality of
base stations;

6 a mobile station which has said plurality of base stations assigned to
an active set thereof, comprising,

8 a diversity receiver which measures respective signal qualities
of said pilots, _

10 a processor which produces a signal quality standard and

prepares a message indicating which of said signal qualities of said pilots
12 equal or surpasses said standard;
a mobile transmitter that transmits said message to said system
14  controller either directly or via said plurality of base statiéns; and
said system controller adjusting a transmit power level of said
16 forward traffic channel in response to receiving said message.

29. The communication system of Claim 28, wherein said processor
2  of said mobile station comprises:
a threshold generating mechanism that generates a threshold signal
4 as said standard based on at least one of said pilots having a largest measured
signal quality over a predetermined time interval; and
6 a comparison mechanism that compares said respective signal
qualities of said pilots to said threshold signal.

———‘-/1
TTHIS SHEET HAS BEEN
REPLACED




fadi ng environ e—deseri bed use of the mininum value for the 10
strongest pil ot expected to work suitably well for a fast
f adi ng scenarl o] m;m ,"Km" ﬂaﬂﬂons are expected to tiélssuera{awehxepﬁaaall

W th t *toca frame’ss Howevig |

channel s, the perfornance of the rake 36 receiver an ]

as great as in the case of the fast fadi ng 15 environnen

because an interlgav used in.the receive process . does n rOV|de as
nuch benefit as |§(_‘(? f%? FRPHRYRiGAtO a‘sm@ﬁ%{@ (21538329 wherﬁgyéagﬂ? HEF?‘:&??Q}'n

whi ch i s 2 esef sdidnmpbilel setagmhl aimpiisesi atrredsege dortnaninigomechanismiowelizh, in
sl ow f ades V\gé{ e:du h d ar a

i nterl eaver tteg n?eg %E%S%%%élg l?%qgleért 4 Cﬁg@?{f&[’g g H}gvﬂfievalues
accept abl% 2¥?Présﬁmfiw%@ﬁmhﬁtl}aaTresgﬁcavetsrl@a%maMesmﬁ saidrpilote, equad or
duration of @Rpass saidf f#EEHIA si gﬁ&Lgﬁmﬁg e WHiA0 iBEn ket SRER! b Saifl | Of

strengths is I nsufficient ort_to determ ne er or
respect i Ve cBilPishasA laggest meas fignal ﬁ“@lté’ubj ect to slow fadi ng - .
Accordingly, in this alternative enbodi nrent each of the respective 25 base

stations inple filter, which integrates. and pornalizes each of

the Uk bits (FI Ggif6ih§n%°%§3m?1ﬁa?‘ms b"'iy?t%%@?cﬁzla% d@n.ﬁe‘Tani ?ﬁi&vﬁ“@&é]le ones
of the tokndmitterttogyuneits said. bit vbetogas laistibrce averyefiamecsice CDMaNIS-hi s

t oggl i ng |nd9§?(gt6 t he channel between the respective base station and
the nobile i's Su ec]t to sl ow fadi ng. Accordingly, system performance
of the CDVA systemw ||l be 30 inproved if the base station subject to the

sl ow fading contizgmegheOcdrhallaitit ons. sySfént Q@ élgg'waﬁ(fj \M\Qlfethcsaﬁa%%%lﬂe Thi's
observed tog%I in H’:%y al so be us i | cat or system

control | & t&ap ?W?E!‘Fﬁarsaf hosria §'hd€ﬁsél multiplgs Sf aﬁ:éﬁamﬁ andof
handof f r egi fractidrer ofex frafrlecof 4 CDM® 18-95 prstbeblr epr esent i ng the pilot
strength for a given base station is nearly always 0, or always 0, then 35
t he respective base station should indicate that the pilot is in fact much
weaker than the si¥ofiyesonpnuoications systervanfeClaimt 28 wiereitu ciaid) diversityak er
p| | ot shaul dre@@i‘ve?%ohfﬁﬁéged in the active set because it adds practically

beneficial yal'ue to the perfornmance of the nobile. It.should al so
be cl ear a pilot recelver which measures said respective signal qualities of said

4 pilots; and

_:L'Z:

N fingers, each of which receives at least one of said code channels via
6 at least one of a direct path and a multipath path from a base station.

34. The communications system of Claim 33, wherein said processor
2 comprises:
an assignment mechanism which assigns said N fingers to a subset of
4 N of said at least one of said code channels that exhibit signal to interference
ratios greater all other signals corresponding to said code channels; and
6 a message formatting mechanism which provides a list and an index
in said message, said list comprises values representative of whether
8 respective of said pilots correspond to said subset of N of said at least one of
said code channels, and said index identifies which of said pilots has a largest
10 measured signal quality.

35. The communications system of Claim 28, wherein said plurality
2 of base stations each comprise a plurality of sectors that transmit said
respective pilots and said respective codé channels into selected

4 geographically distinct regions.




24 t hat them effectively nonitor thetogglln
operation and . \m“\ ‘ E‘ ﬂﬂ@“mg message to the basgnsshet Home ?‘i

it vvantsto chan tlonstransmttlngt L
stati on. 37 Anot her aI ternative allows the signal M“Hm i ng
processes to 5 take place nore quickly37in this case, e station
signals a base station directly during fadi ng when the signal from

that base stati Ode)emEE&JrﬁhhﬁﬁEahons Systangst COfin"2BK Yherbal sﬁﬂes%ét@ 's

from one ,or er base stations. base station responds by not

e
transnit®in 06\“91??(" ¢BREAPYt i ng t he next frame. In this case, the
sw tching can be ammeor m&s&ﬁc&\a&edédaenﬁﬂésevsmmwsam s1§1@d1 mmdoﬂvre

qui ckly tihan_t controller, allo a fir o0 be
Jont 11 ofh onai il Sndicalecl iy SBL miessies 8 <eblBlE Fr sipdsging. seid' HBal,

f r om anot herquadity sk&miardrtorr‘ébpendﬂok&hmh subsett ofsaid/ phexilityndf ddse stations;
rates. Wgen he signaling and switching is even faster, the switching can
occur during a frane. In this case, the base station nust receive the data

to 15 be transnia centralisigngl focmatting. mechanisne nibadi fosms, atmtmisagnal
stationsg hfﬂhci%dé‘omh{ﬁxﬁat‘éavf‘o s %ﬂﬂéﬁt}%f B& ﬁ ﬁoﬁi‘gofj@% dm@§se ¥ upon

transm ssion, The_d put styeam Is, ena

the feedbacKOFVard fFadfic Chanmibppwestaéleqcaﬁon by control ingagods 1% RAWER t o
the thragholldvemst $oshifl Gubsé! 6F $3id iplaralityCot Be statiohs abdiétninetlyb dy Raidhe
pil ot quali t‘%/%‘gl t1 vectort a second "finger assi gnrrent nmet ho

herei n descriBed B mobi | e, the nobile station nakes

37. The communications system of Claim 30, wherein said message
2 formatting mechanism comprises:
a receiving mechanism that receives a handoff direction message
4 which identifies in a predetermined order said plurality of base stations in
said active set; and
6 an arranging mechanism that arranges respective data fields for each
of said plurality of base stations to correspond with said order and places said
8 values in said respective data fields corresponding to said order, said values
indicative of whether said signal qualities of said pilots equal or surpass said
10  threshold signal. '

38. An apparatus for changing forward traffic channel power
2  allocation, comprising: '
a mobile unit comprising,

4 means for measuring respective signal qualities of signals
transmitted by a plurality of base stations,
6 means for generating a signal quality standard based on said

signal qualities measured by said measuring means,
8 means for generating a bit vector listing base stations having

measured signal qualities not less than said standard, each of said base

10 stations in an active set of said mobile unit, '

a transmitter that transmits said bit vector; and

12 means for adjusting said forward channel power allocation of said
plurality of base stations based on said plurality of based stations identified

14  in said bit vector. :
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estimates of the received pilot Ec/lo fromevery base statlon in the active
set. If th ave a finger of its diversity receiyver

assigned to the the Ec/l1o for that pilot is set to 0. If
t he nobi Iwosstml llw @@m&nﬂmmer sity receiver finger alPCDHS®BASTIC a
gi ven base stati det %%m nes the average Ec/1o over the

previous 20 mlliseconds (preferabl y al t hough, alternatively, |onger
or shorter averagj ti mes coul ég@&, reports that. vaI ue. The
20 ms period cortleshdnaEPRGtUS heremﬁmgwpcem PS5t at i on

t hen i dg,nt ifiesd ﬂXebmﬂ@e %n&tahﬁ ﬂ\%ﬁhﬁﬂxshﬂlﬂeﬁﬁ@ ehtafr]ag%h iﬁrééitolda:hgaahnslh
assi gned an, i nd 0 er pilots in i e
mobi e st actooie sl iatiey PlaBrd Board B!+ lbnt Sne 7 aaid 8 Mg 8 1T
1 if thd Edatgest measui'exi sigmal qualitt over wpﬂedate[mun@d time Emteﬁca!l) and/al ue

o RS T wm&lé&?ﬁ}lgoﬁvh&%ﬁﬁkﬁr (%ljnéaHrs]f Isﬁgflraﬁs vector ﬁgssl Go.

than 6, then no nore are repor age.
35 6 Mﬁw@ffsarfbenlgwmthwhg%algmlboth a direct signal path and

an I mage pat h (i.e., a nultipath inage), the finger assignnent nethod
prevents "t Qo ny base s ons _fr bei ng reported as having
signal s that aref10 e ARRATAduULH Pt E&%‘W@&W erggr exanple, if a diversity

recei ver has thrsaed frhég®r $or measuring comprises a diversity receiver having n
25 an@nonly two base stations produce the three highest quality

signals (i. he direct paths fromeach base station and an inage
signal ) 4 then t heaic pirecessor comprisesl o deteantiningl hedardsmt that deteymanesii t to

the nobile, S : '
recei ve Jt w%%ﬁ?eg i ﬂeﬁ& ofe ﬁg&@f pf the di%&&ofec@i%‘é? 1EROHE hIISGRES tha
code channel signal from a base statxon, and
said means for generating a bit vector lists base stations providing

8 respective code channel signals which have been allocated to said at least
one finger.

41. The apparatus of claim 38 wherein said signals are comprised of
2  a plurality of different carrier signals.

42.  The apparatus of claim 41 wherein said plurality of different
2 carrier signals are transmitted from a corresponding plurality of differently
configured antennas.

o
s Sheet Has Been Replaced
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S fromthe third base station periodically surpasses one of the other
three signhals, the nobile may nonethel ess report all three stations as
bei ng abovw099/1367t5he desired threshol d, because there are a_nunmber of

i nstances where the diversity receiver woul d conbine t RETUSEHIZ [ om
the third base station. Thus, in one enbodi nent of the invention, the
pilot SNR for a base station 10 is reported based on the finger with the
hi ghest SNR recei ved fromt hat bdé¥ station. . FIG 7 is a

fl owchart showi ng a preferred nethod for adjusting forward channel
power allocations. The process begins i\m.«.step S1 where a nobi | e
nmeasures the pilot strengt hs (si na& ali4ies) of all pilots within the 15
nobile's acti v The pro FeCNeW pr o S to step S3 where the nobile,
based on the ﬁ' ¥ pi | ot 3#‘,% ths measured in step Sl1, generates a

t hreshoi d signal S'r]. The sjggnal err] is gerﬂé?ﬂ@&aﬂ?ﬂﬂm t he pil ot
havi ng t he greadest SNR s nead@red in st epCEBLL=BITRS ocess t hen
proceeds to step S5 sherW eaclf of t Qe +Spective pilots, pilot[errt,

are conpared with signal [ergy Pl er m ne whet her the respective
pilot[err] is greater thgn err]. This conmparison step is
performed, preferably, o\e of a 20 mllisecond frane
period, and termnating 4 o frane period, al t hough ot her
sanpling interval s takg vvithinafra or in mltiple

frames is cpnsiste ith this erm e respgetive 25 pilotf[err]
is greater Ahanef equal to [err], cAor nessage (see
e.g., BS. 6a-6¢) indicating \ha B leCtIV ill@tferr] is
greater t tq t hreshol d [err\. S5 it is

determ ne 5pilot[err] IS not grexter\than or qual [err], a bit
in the bi ector nmessage is set to inYicake that/tpeNespectiyve

pilot[err] less than or equal to [erN] (Wef@#ably se ing fhe hit to
"0"). 30 After the pilot quality b|t yAC br is formed .— S ?7 or
in step SO\ tthe process proceeds to % 1 where the, \%&en

the bit-vecyofY nessage to the base st /| g |n t . cT’*e q9a e set
At this ti t8@pnobil e sets a A0 oop . Teed a’tﬁh

nobi | e g?@n i cator for the nobices > ifTe
shoul d adj ts fingers based on t | e s

22b
7
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35 anticipation of the systemcontroller 10 adj
f orward traffic channel in response to the
nessage. B setting the timng | oop (which
t he nobi | eWOABE g consecutive 20 ns frame
transm ssi ons occur

the change in the
forward traffic channel '4I
process then proceeds to step S13 vvhe1?')gI he base
the pilot quality bit vector to the systemcontr
process proceeds to step S15 where a sel ector at
processes the bit-vector nessage and produces a
each .....of the respective base stations in the
controlling which of the base stations int
should transmt a respective code chgnnel A

usting the power in the
nobil e's earlier bit-vector
is easily acconplished by
s), the nolAdTasesrnew2 when
26
After step Sl1l1, the
stations receive and rel ay
oller. After step S13, the
the systemcontroller 5
control nessage sent to
nobil e's active set
he nobile's active set
0 the nobile. By

controlling transm ssions fromeach of tQg bas statiqns in the
mobil e's active set, the total power radg%ted fffom t he basg 10 stations in
the nobile's active set is reduced. 7 he process }then proceeds to
step S17 where after the tinmer reaches a taZme t hresholjd, the nobile
adj usts the finggrs inits diversity recggver correspqnding with the
base stations i_gntified as bei ng equal or eat er t han the signal
[err] as determded in steps S7 and S9. By adj §ting/the filngergy 15 the
nobi | e conbi nes @eei ved energy only fro%t hosg¢bag®e statiqns ife.the
mobi |l e's active Setlwhich in fact are tra&asni ttRng/on thein respéctive code
channel s. After stefy S17, the process repats, ere the mybil exgonti nues
to
N
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nonitor the respective pilot strengths for each of the base stations in the
nobil e's active set. 20 Because the nobile station generated the
parti cul ar or nessage and the response of each on to
the bit- veeﬁg?lﬁggiage I s based on a pr edet er m ned algo?? d?h?h% tinme
at which each base station changes the forward link allocation is
known by the nobile station. Thus, the nobile station can properly
conbine the signals fromonly those base stations which 25 are
transmtting at the tinme. This is advantageous because conbining the
signals frombase stations that are not transmtting to the particul ar

nobi | e station woul d cause unnecessary noise to be introduced into the
receive.. .. processi ng negatively inpqgi'ng the result. This would
result in a performance | oss, a higher required Eb/No and a loss in
capacity. Simlarly, 30 if the nobile station did not conbine signals
whi ch were being transmtted to the nobile station, and i ch were
receive with sufficient strength, there woul d be a | oss #& capacity.
I n one enbodi nent of the invention, the nobile s ¢5|on conpensat es for
transm ssion errors in receipt of the rt=vecty pcei ved by each base 35
ﬁaﬂonbyfwstauemnwmtodmmmﬂmg) AA%ev““Jm"m“frmm
assunmi ng that the nessage was correctlly r ddA'NAd and processed |by the base
station. In nost cases the nobil ejstat %E@#I’VE? ecily denodyl ate the
frame. However, if the frane is iT errlr en ejnobijl e statijon can
27
30 44
SEARCH |
ANTENNA RECEIVER
3 '
y 32 42 v 48
‘ ,! - DIGITAL .| DIVERSITY
DIPLEXER DATA COMBINER |
RECEIVER * & DECODER
1 34 40
wunoo ||| [ Do .
RECEIVER Y 7
RECEIVER USER
P DIGITAL
L BASEBAND
CONTROL
PROCESSOR l}
o
[
f36 1 v 7 38 v f52
TRANSMIT TRANSMIT TRANSMIT
POWER e POWER |« ODULATOR
AMPLIFIER CONTROL s
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attenpt to use the set of base stations that were transmtting to the

nobi | e station before it sent the nost recent bit-vector nessage.,
Thus, if the base station did not receive the nost recent bit-vector
message, tMEhI¥RE™Snobi | e station would attenpt to den®dmiusesigriee frane
again using the set of base 5 stations which was previously used. This
requires that the nobile station mai ntain the received signal fromthe
di fferent set of base stations in a - buffer. Then the nobile station
woul d use the data in this buffer wheifi2 there was an error. This error
correction processing is illustrated by optional steps S19 and S21 of
FIG 7, as indicated by the dashed line to step S19. 10 FIG 8 is a-
flowchart of an alternative method for changi ng forward traffic
channel power allocation for the base stations in the nobile' 4 active

set. The process begins in step S32 where the nobil e nmeasures {t he
respective pilot strengths of each of the base stations in_thdg nobile's

active set. Next, in step S34 the nobil e generalLgs e tHreshold -
signal [err] based on 15 the neasured pilot strgafthg. dThen ijn step S36,

t he nobil e conpares both the direct (diregeflerr]y d muljti path
signals, for each of the respective bade stationg d cornpares the
direct and/or nultipath signals to dei®rnfe - whet er_eitller the direct
or nultipath signals are greater t} n ur equal to [g o If a direct
or multipath inmage is greater thanser qual to r],' ess 20
proceeds to step S38 where the dive? Aty recgrfler ass}¢ fjnger or
fingers to the direct and/or KM tipatl”si gna T Ireat er t han

Ne process t hen
586 ityis detefm ned that
/1 relspecti vefbase station
, éBs proceeds to 251 step S40
iv and cdnbi ner circuitry
gon.sThe prdcess theh
hat t he [eﬁr] in FIEWg €

B> 7, [err] gwas used|tgp defermne
FIG 8 it is usedjto deterjiZe mether
denodul ator. As guch, the Er ru in FIG

[err], as determned in step AR6.
proceeds to step S42. However, if/in
neither the direct nor nultipathfsigphls
is greater than or equal to [erf],
where none of the fingers of the rAk
are assigned to that particulfr Ppasg
proceeds to step $S42. It shofl d/bg
different from that i nfFl £
whet her to report a pilot;

to assign a finger of the falfe

8 wll typically be small ¢r t hat of !

——ﬁ—-‘—--w——wn-.-—

10'

Probability of
Frame Error
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FIG 7. In step S42, the nobile sends a bit-vector nessage fo

t he base :station and the active set, indicating the finger assignfent
made at th i on the direct and the nultipath sig | f either
t he directag}!ﬁké nultipath 35 signals are greater than [gebﬁgmpﬁannbile
formats the bit-vector nessage indicating that at |east the direct or

the nultipath imge is greater than or5/12 qusl to [err] The process then
proceeds to step S44 where the ba$® station relays the hit-vector
nmessage to the selector at the systqn1c631rolle such t hat

28 the systemcontroller is infoymad of the finger assijghnent used at
t he nmobi | e, and thus, can adjust tffe for d traffic chgnnel power

al | ocati on of whi ch base stationseare trafismtting to the nobile
station for each of the base staefons infthe nobile' s a¢tive set. The
process ‘then proceeds to step S46 5,7gwhere the sel ector sends a control
message to the base stations in thg ¢ nobfle' s active set}®ndicating

whi ch of the base stations are to &ransnit n their respective code
channel s corresponding to the finger awssigfnent set by he nobile. The
base stations relay the control mesMagg t6 the nobile such that the
nobile is notified that the base statN® havi ng been infor ¥ of the 10
systemcontrollers allocation of theddfward traffic channel {power. The
process then proceeds to step S48 wher the nobile adjusts the fingers in

t he diversity receiver in resp8nse\to‘'the control nmessage geqerated by

the system controller. 4 } -~ &
¥
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I f should be noted that either the control message sent fromthe 15 nobile
station to the base station or fromthe base station to the nobile

station Mo hfheerror. A technique simlar to that was described in

conj unction w tlh&]'lél G 7 can be used. In this case, if the nREAAUIIBABHULI On

does not receive the control nessage or fromthe base station or if it
receives a frame in error, ifkgcare/d@nodul a{le previous set of base
stations which were 20 transmtting togghe nobjle station. In
an alternative nethod for changing tQrward traffic channel powgr

al l ocation, steps S1 through S15 are t¥es sam.‘!as t hat shown NNt he
preferred method of FIG 7, altho thetzase station aljso transmts
to the nobile an i ndi cation of rch of e base stations are in fact
transmtting on their 25 respectiverstorward*yraffic channel Thus, in
this alternative enbodi nent, g‘he’ syst‘-é‘m control |l er, note.ftdde nobil e,
controls which of the base station " {rafsnits to the nmoHile.

This invention has been described kn t%'rrfs f setting a threghold [err]-
relative to the strongest pilot as Qas b described in thel}text and FIGS.
5A 30 and 5B. Many alternative rret\' s/tan be used. In parfecul ar one
whi ch sets the bit Uerr] to '1'gQfl y*when the pilot sufifficiently
increases the total Ec/lo can o sq e [sed. This technique is
described in a copending US patent g application entitledf"Mthod And

Apparatus For Performing Soft Hand-gff \ v} In A Wreless Co Mgrat i on
Systent serial no. 08/790,497 assignped tQthe 35 assignee o t h& present

invention and incorporated herein byergfefNence. The i gvention

has been described in ternms of transm&tipg the entire for d link

froma set of base stations nobile Statigh"c A system and « & hod for

conducting a high speed data link dfn fundanental and N
\0




29 suppl emental channel is described in co-pending US patent
application serial nunber 08/798,949 "entitled Transmt Power Reduction
For A 'Hi gh Speed CDMVA Link In Soft Hand-off" and in ¢eraseshisrr US
pat ent wO9HI36¥S cation serial no. 08/784,281 entitled "Hi gh Data Rate
Suppl enental 5 Channel For CDVA Tel ecommuni cations Systent both assigned

to the assi gnee of the present invention and incorporated herein by
reference. In this high speed data |ink system the forward link is
split into a fundanent al and a gﬁﬁ%lenental channel . The fundanent al
channel is continuous8y transnithfd fromall bagg stations in the
active set. The supp@%nental 10 chawmnel is transm¥ed fromthe sane base
stations as the fundgygental chagfel or a subsepythereof. The invention
descri bed herein canike applied o the fundanegkal channel, the

suppl enent al channel B¢ bot h. [ FIG 9 is Mgspectrum di agram of a
multi-carrier spread spectrum forward link and a single carrier -

wi de- band spreadJspenLLur1link. Al t hough 15 not shown conmpletely to scale,
for the nulti-cafrier apgroach, the spreading i dt h for each

carrier is showmjasfl. 25 |vHz, and for the singl¢ wi de- band
approach the spr¢adi'fig bgndwi dth is 3.6864 MHz. | Th&dnul t§i - carrier
approach has vari Nt ages iga g al | owm h-carrier to be

transmtted from rently d ante né,a@ﬁioh in turn 20
provi des a uniqu ing fpattern carri regsing the likelihood
of all thre Tis fadi ng neousl d—t-Her ef ore of
‘commruni cati ons romibei ng digsr FIG 10 is a block
di agram of a nul i r transm m corfe gured i n accordance
wi th one enbodi ngnt of (Ne i nventmer—tpgut 25 ldata—-s-—convol utionally
encoded and punctur by jconvent ijon endoder 40, pnd the encoded
synbol s are repegted by gynbol r¢ 02 to 3dd ba
(]
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[~
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addi ti onal redundancy. Block interleaver 104 bl ock interl eaves the repeated
synbols in 20 ns tinme intervals and the interleaved synbols are scranbled
via XOR 106 with a decinmated | ong code generated by | ong code generator 30
108 and dewi0@#13675110 i n response to a user |ong code nask PCTRS¥HTEDI ed
synbol s are denultipl exed by demux 112 into three synbol streanms that are

each transmtted over a respective carrier signal. For each
carrier signal, the respective synbol streans are QPSK mapped by QPSK
mappers 114. The QPSK synbols are each nodul ated with 35 the sane Wl sh
channel code by Wal sh code nodul ators 116 84K t he resul ting Wl sh

chips are further nodulated by with an i
and a quadr at ur e- phase spreadi ng code P
and PNQ are preferably the same for each c

e, spreadi ng code PN err]
spreaders 118. PN erjr]
The resulting spredd

rier.

30 synbols are then eac ye carrier frequgncy,
preferably as shown in F FIG 10 shows
nodul ati on by the sane Wal sh bch carrier; howgver,

t he Wal sh channel code may
di agram of a portion of a receive 3d by a nobile urfit to
process a nulti-carrier signal wh n accordance w th one
enbodi ment of the invention. Downconverte ' energy i s bandpass
filtered to 5 MHz by band pass filter 200 nd sarrpled by Al D 202 at a
rate of 8x1.2288 MHz. Wthinfil‘tter 88ink 20% twolZﬁM—lz

FIG 11, is bl ock

87T~ 894
ange bit vector showing ange bit vector showing
Piloy,> A, Pilot; < 4,
Mobile sends pilot quality bit vector message to

base station indicating which base station to be
received and sets timing loop ™

S11

[ Base Station receives and relays pilot quality bit vector ~
message to system controller 813

'

Selector at system controller sends control
message to base stations controtling which 1
base stations transmit to mobile 815

'

Mobile adjusts fingers in diversity combiner to N
correspond with transmitting base stations when 517
timer regches threshold

7 S——\ Repeat ’
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10 portions of the sanples are further downconverted digitally to--baseband
by a 1.2MHz nunerically controlled oscillator (NCO, or optionally by
a 1.25MHz NCO and a 2.5 Mz NCO and the three sets wiy/6933bAs are
| owpass WQ?%@P@'&? to a 1.25 MHz bandwi dth. This |lowpass filter can be
the receiver's matched filter or a part thereof. The resulting sets of
| owpass filtered data is passed to 15 rake receiver .210, which denodul at es
and conbi nes the various nultipath g St ances of the transmtted
signal. The resulting conbined soft de0|4|o data is passed on to a
dei nterl eaver for deinterleaving an Obvi ousl y,
numer ous nodi fications and variatio he present I nventjon are
possible in light of the above teachin It is therefore to be 20
understood that within the s¢ | ai ms, the invention
may be practiced otherw se t ‘W wwy dessnbed her ei n.
VWHAT |S CLAIMED | S: S . 31
CLAIMS 1. A method for adjustingdforward traffic channel poyer
al l ocation in a conmunications systend-congrising the steps of:

Generate A, | g34

838 | ' 4 -S40
and/or image(s) '
* ‘ £~ 542

-Mobile sends bit vector in pilot
quality bit vector message to base
station indicating finger settings

¥
ase Station relays pilot quality bit vector |~
message to selector at system controlier 44

[Mobile adjusts fingers in
Rake in response to confrol | g48
' {message

FIG. § @



measuring at a nobile station respective signal qualities of pilots
respectively transmtted by a plurality of base stations in an Active set

of said nobile station; conparing said respective signal qualities

of said pilydnkérsd Standard, said standard determined in recpusysesty said
signal quality of at |least one of said pilots in said active set and a
delta value of signal quality, wherein said delta value is a representative
of a fixed signal |evel below a strongest pilot signal |evel of said :
pil ots; reporting a nessage to a%i&tem controller indicating which
of said pilots at said nobile station equal or. surpass said standard; and
adjusting said forward traffic channel power allocation based on said
nessage. 2. The nethod of claim 1, wherein said conparing step

conpri ses: generating a threshold signal as said standard based on
at | east one of said pilots having a | argest neasured signal qualityQWer a
predeterm ned tine interval; and conpari ng each of said respectd ve
signal qualities of said pilots to said threshold signal. 3. Th@-

met hod of claim2, wherein said reporting step conprises the steps ofL
generating a bit vector listing in a predeterm ned order val ues
representative of respective signal qualities of said pilots; and

including in said bit vector list an index identifying which of said pilots

has the | argest neasured signal quality. 4, The nethod of claim 3,
wherein said reporting step, conprises reporting said bit vector to the
systemcontroller at |east once every frane of a COVA | S-95 protocol. 5.

The met hod of claim3, whejein said reporting step gonprises reporting said
bit vector

5 MHz
5 MHz
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]
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32 to said systemcontroller on at |east one of nultlples of a frane and
fractions of said frame of a CDMA | S-95 protocol. . The met hod of
claim 3, Wags ®imeRai d comuni cations systen1conpr|ses an

os FTHRMIR | ng

conmmuni cati ons system and sai d communi cating step conprlses

said bit vector either periodically or a periodically. . The net hod
of claim 2, wherein: sai d neasuring step conprises neasuring
respective signal to interference ratios for said pilots; and sai d

generating step conprises generating a threshold signal based on at |east
one of a largesf, of said respective signal/14o0 interference ratios for said
pilots. 8. glfhe nmet hod of cedi m 7, wherein sifd generating step
conpri ses subtrzltlng froma | agdest of said resHéctive signal to
interference r 0s a predeternigled | evel to prog ce a threshol d signal
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9. The met hod of claim@8, wherein said | argest of said respective signal
to interference ratios having a mnimum and said conparing step conprises
conparing each of said respective signal qualities of said pilots to said
m ni mrum ofweabaBersir gest of said signal to interference ratPOSUSHsS/EIId

pil ots. 10. The nethod of claim3, wherein said listing step further
conpri ses the steps of: recei ving a handoff direction nessage which
identifies said base stations in said active set of said nobile station in
a predeterm ned order; arrangi nig/d@spective data fields of said bit
vector to correspond with said order; and pl aci ng respective val ues
in said respective data fields |nd|cat|ve of mhether respective ones of
said pilots surpass said thresho L

33 11. The net hod of claim 10, mhereln said receiving step
conprises receiving a set of recqived direct anggnultipath signals

corresponding to said pilot signdls, said set ogéreceived direct and
mul ti path signals co15$ising a subset of N rqce&ed direct and nultipath
si gnal s each exhibitijng a signal o w v~
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oo salhl

interferencesatio that is greater than each of a g
are not in saidsubset—ofN-reeei-ved direct and 3 tREPBAfEEMEI‘ﬁIthEETand

sai d placing step Hm ective val ues i atve—of—respedti ve
ones of said pil .mlm”mwd threshol d sigmn s__.pectlve
data fields only iT <ai 8 respecl ve ones of said p Dtg cgjl"f“es“po tto at
| east one of said subset of N received direct andjimittt paHr‘. g‘ ghads. 12.

The nethod of claim 10, further conprising the st ijd
nmessage an active set data field in which at | east™ ; lacti ve
set, a pasLAfwki ve set, and a future active set are |dent|ff'é’ﬁlf 13.
The nmet hod of Claim 1, wherein said neasuring step conprises neasuring
signal qualities of pilots respect ively transmtted by at |east one sector

L Foth R OO e R e e

for M Ng  &ybtem\\ednibrisid the tepdnel power al l ocation control command
i ndi cating whi ch of said base stations are to transmt respective code

channel s to sanessyrisig lak asmbnlgrst@tm vispertive r ignabtqualitiesr afi pilots resppatively e

code cha b|| an I cat.ing said forward
traffic %’aﬁé{e&&i ?“%T ?ﬁe 88?1%3&190@3%&5 s?lgnméﬂﬁ Stﬁf‘?ﬂ ‘ality of base
stations in saoghpadig yﬁd s&@bective bianal qudlitics 6f Bad pAbtsb &l dthnbard, Whidh@indard
conprising the steps of starti nfgata ti m ng nechani smat said nobile

when sai dictpEningg éntegpqw ta said signed guality of #tleast ensiof saidipilots in said jagtive sghand
a delta value of signal quality, wherein said delta value is a representative of a fixed signal

level below a strongest pilot signal level of said pilots;
reporting a message to a system controller indicating which of said pilots at said
mobile station equal or surpass said standard; and

adjusting said forward traffic channel power allocation based on said message.

2. The method of claim 1, wherein said comparing step comprises:

generating a threshold signal as said standard based on at least one of said pilots
having a largest measured signal quality over a predetermined time interval; and

comparing each of said respective signal qualities of said pilots to said threshold
signal.

3. The method of claim 2, wherein said reporting step comprises the steps of:

generating a bit vector listing in a predetermined order values representative of
respective signal qualities of said pilots; and

including in said bit vector list an index identifying which of said pilots has the largest
measured signal quality.

4, The method of claim 3, wherein said reporting step, comprises reporting said bit

vector to the system controller at least once every frame of a CDMA IS-95 protocol.

5. The method of claim 3, wherein said reporting step comprises reporting said bit vector



34 * observing when a delay tinme has been reached, said delay tine
corresponding to a difference in time between when said nessage is
initially reported fromsaid nobile and when said forward traffic channel
power has been adj usted. 16. The nethod of claim 15, flﬂlﬂﬂﬂﬂ““ﬂmllm'ng
the step of changing a finger allocation of at |east one f

diversity receiver in said nobile station, said finger alldcafioh * 5 *

corresponding to which of said pilots wghe reported in said nessage in said
reporting step as equaling or surpassing said standard. 17. The net hod

f clai 4. . ' hd | ' t f ai.d forward.traffi,g channel
pover a1 nsaid SRt RorBiite b AeTedt? o8¢ SEmhBRlER of A s gnd A icsrit i tAeLel o
base st at h@DMAIKS-90prbtoaslsi t respective code channels to said nobile

station, where N corresponds to a nunber of fingers in a diversity receiver
at said nobile station. The nethod of claim1, wherein: sai d

18.
Giversi by o cconyemetiedsF i3] PhabhlatihilnBhon il Ot M A S o

station; &fcdommunications system and said communicating step comprises communicating said bit

vector either periodically or a periodically.

7. The method of claim 2, wherein:

said measuring step comprises measuring respective signal to interference ratios for
said pilots; and _

said generating step comprises generating a threshold signal based on at least one of a

largest of said respective signal to interference ratios for said pilots.

8. The method of claim 7, wherein said generating step comprises subtracting from a
largest of said respective signal to interference ratios a predetermined level to produce a
threshold signal,

9. The method of claim 8, wherein said largest of said respective signal to interference
ratios having a minimum, and said comparing step comprises comparing each of said
respective signal qualities of said pilots to said minimum of said largest of said signal to

interference ratios of said pilots.

10.  The method of claim 3, wherein said listing step further comprises the steps of:
receiving a handoff direction message which identifies said base stations in said active
set of said mobile station in a predetermined order;
arranging respective data fields of said bit vector to correspond with said order; and
placing respective values in said respective data fields indicative of whether respective

ones of said pilots surpass said threshold signal.



said reporting step conprises reporting which of said base stations provide
a respective code channel signal that has been allocated to said at |east
one finger. 19. The nethod of claim 18, wherein said reporting step

conprises the step of generating a bit vector listing in a predet
order values representative of respective signal qualities &“ﬁ 3 "imH“l
20. The nmethod of claim 19, wherein said reporting step

including in said bit vector an index i38entifying one of said pl uraI [ ty of
base stations having at | east two fingers assigned thereto. 21. The
net hod ofyicl aifhelFethdd ¥ cBiim 192WlelefPOr ti Ng step, conprises reporting said

bit vector to the system control l'er at | east once every franme of a CDVA
| S-95 pr ot ocolsaid receiving step compnses receiving a set of received direct and multipath signals 35

22. Th th f d t t '
reporti ng°°gf§?Pd’%g’F‘8 Wgéggrpi"g ggr r’gl nq Z% @S:ﬁ%%{'? I BﬂS ad O'QE]E”{
mul ti pl escoftfprisiith SibR&EofaN Gedeived! difdf atf mudigdth signals each exhibiting a signal to

interference ratio that is greater than each of a subset of signals that are not in said subset of N

received direct and multipath signals; and

said placing step places said respective values indicative of respective ones of said
pilots surpassing said threshold signal in said respective data fields only if said respective
ones of said pilots correspond to at least one of said subset of N received direct and multipath

signals.

12.  The method of claim 10, further comprising the step of adding to said message an
active set data field in which at least one of a current active set, a past active set, and a future

active set are identifiable.

13.  The method of claim 1, wherein said measuring step comprises measuring signal
qualities of pilots respectively transmitted by at least one sector of a respective one of said

plurality of base stations in said active set.

14, The method of claim 1, wherein said adjusting step comprises:

forming a forward traffic channel power allocation control command indicating which
of said base stations are to transmit respective code channels to said mobile station and which
are not to transmit respective code channels to said mobile station; and

communicating said forward traffic channel power allocation control command to said

plurality of base stations in said active set.

15.  The method of claim 1, further comprising the steps of:
starting a timing mechanism at said mobile when said message is initially reported

from said mobile station; and



frame of.a CDVA | S-95 protocol. 23. The met hod of claim 19, wherein
sai d comuni cati ons system conpri ses an CDVA | S- 95 -cenmunicati ons syst em

and sai d conmmuni cating step conprises conmunicatin ‘\“/m e| t her
periodically or a periodically. 24. The net hod%m“ V“l“;m ein

sai d generating step further conprises the steps of: L Peckiving a
handoff direction nessage which identifies said pl ural ity of base stations
in said active set in a predeterm ned orger; arrangi ng respective

data fields in said nmessage for each of said plurality of base stations to
correspond with

said pr.edet er,m ned .or . '
val ues in said PEEHBETRE adg?lﬁy fims s dqeﬁ{‘i r%aﬁg?%éalgfde\}ﬁeﬁﬁé% ﬁ’%ﬁgﬁgiﬁég‘st
one fi ngerdlﬂéreﬁc%'lﬂ uﬁie\&fvséemwrfeﬁ%@iu\f%ssdg%s mﬁwn y réfoRte fiowedayd mbbieaidewhéno
sai d pluralit base stations. 25 he rret hod of claim 24, further

conpri si ngat nmrépaﬁicehmehgowrh@ab@pméw&ge an active set data field in
whi ch at | east one of a current active set, a past active set, and a future
active set are identifiable. 26. The nethod of claim 1 wherein said

pilots areél r artheinidtest efotdimal 5p furthet cdmyprisingcthe suepbfshaggmgaﬁngeeauocaumhef
met hod of cl aim 26 wherein sal d,plurali t%{‘yof carr, SI gnal s _.ar

transmitt &8 leashiong finger OF o ABersfy plecsyer; iny s3id maghi e? ﬁaléloﬁpgeduql@&ahon

ant ennas. corresponding to which of said pilots were reported in said message in said reporting step as

equaling or surpassing said standard.

17.  The method of claim 14, wherein said forming step forms said forward traffic channel
power allocation control command to indicate that not more than N of said base stations are to
transmit respective code channels to said mobile station, where N corresponds to a number of

fingers in a diversity receiver at said mobile station.

18.  The method of claim 1, wherein:

said comparing step comprises determining whether at least one finger of a diversity
receiver has been allocated to a code channel signal from a base station; and

said reporting step comprises reporting which of said base stations provide a

respective code channel signal that has been allocated to said at least one finger.

19.  The method of claim 18, wherein said reporting step comprises the step of generating
a bit vector listing in a predetermined order values representative of respective signal qualities

of said pilots.

20. The method of claim 19, wherein said reporting step comprises including in said bit
vector an index identifying one of said plurality of base stations having at least two fingers

assigned thereto.

21.  The method of claim 19, wherein said reporting step, comprises reporting said bit

vector to the system controller at least once every frame of a CDMA IS-95 protocol.



28. A-:-comruni cations system conpri sing: a plurality-ef—base
stations which transmt respective pilots and respeﬂﬁé/cjaw | s
conprising a forward traffic channel; M“‘“\\‘ iﬁ&“@“ﬁ

36 a systemcontroller comunicatively connA plkural ity
of base stations; a nobil e station which has said plurality of base
stations assigned to an active set thereof, conprising, a diversity

recei ver which neasures respective signgg qualities of said pilots,
a processor which produces a signal quality standard and prepares a nessage

i ndi cat i whi f [ |« it] f i i : rRasses
sai d standar d,’ﬁgsaﬁlgt hz)? a‘ﬁd%%’lgpzée’t g#%*’r?e%?f ﬁ%rc’ gé%o%gg ct’%@%ﬁg&g |r8ﬁ Isgigulga)l ity
of at | eagdctornesaid systdntl crittolieson it 16t Gnedsfirmitipleebf aidifrémel ahd frastiins of sdid
signal quality, wherein said delta value is a representative of a fixed

signal |é %TFGB@FGWVQAﬁ'Pé@Q‘é%QOLpi | ot signal |evel of said pilots; a
nobile transmtter that transmts said nessage to said systemcontroller
either directly or via said plurality of base stations; and said

syst em co2i.r ol Ther meflipd ©f claim 49; whersin saidocommutieatioins efstemicomprisescandCDMA f i ¢
channel i&§§s onse, to receivi ng sadi d rressaa%e. . e .
-95 communications system and said communicating step comprises communicating said

bit vector either periodically or a periodically.

24,  The method of claim 18, wherein said generating step further comprises the steps of:

receiving a handoff direction message which identifies said plurality of base stations
in said active set in a predetermined order;

arranging respective data fields in said message for each of said plurality of base
stations to correspond with said predetermined order; and

placing respective values in said respective data fields indicative of whether said at
least one finger of said diversity receiver has been respectively allocated to said plurality of

base stations.

25.  The method of claim 24, further comprising the step of adding to said message an
active set data field in which at least one of a current active set, a past active set, and a future

active set are identifiable.

26.  The method of claim 1 wherein said pilots are transmitted over a plurality of catrier

signals.

27.  The method of claim 26 wherein said plurality of carrier signals are transmitted from a

corresponding plurality of differently configured antennas.

28. A communications system, comprising:
a plurality of base stations which transmit respective pilots and respective code

channels comprising a forward traffic channel;



29.  The communication system of claim 28, whereimsatd—processor of said
nobiie station conprises: a threshol d gene hanl sm t hat
generates a threshold signal as said standard baslmlm M e of said

pilots having a largest neasured signal quality over a ed tinme
interval ; and a conpari son nmechani smthat conpares sald respective
si gnal qualltles of said pilots to said threshold signal. The

comuni cations system of claim29, wheregn said processor of sal d nobile
station conprises a nmessage formatti ng nmechani sm whi ch generates in said

nessage a bit vector c e whet h
respective si gr‘i'é"P' &PP?@@"’@%‘F}&%‘E‘%{“%E’( ‘{mg&%gssa{de‘ﬁéﬁg asstaés\z; c}%ﬁreghoﬂj
signal and an iangebiletatiéh wiht hasisail piatatity of basei sthtion @ssigred o canl atiye set

nmeasured signal quality. 31. The conmuni cati ons system of claim 29,
wher ei n sdhereofpeamprisingansmitter transnits said bit vector at |east once

g¥er y frame of 2.0 fectiver Wi BEfkires respective signal qualities of said pilots,

a processor which produces a signal quality standard and prepares a message
indicating which of said signal qualities of said pilots equal or surpasses said standard, said
standard determined in response to said signal quality of at least one of said pilots in said
active set and a delta value of signal quality, wherein said delta value is a representative of a
fixed signal level below a strongest pilot signal level of said pilots;

a mobile transmitter that transmits said message to said system controller either
directly or via said plurality of base stations; and

said system controller adjusting a transmit power level of said forward traffic channel

in response to receiving said message.

29.  The communication system of claim 28, wherein said processor of said mobile station
comprises:

a threshold generating mechanism that generates a threshold signal as said standard
based on at least one of said pilots having a largest measured signal quality over a
predetermined time interval; and

a comparison mechanism that compare.s- said respective signal qualities of said pilots
to said threshold signal.

30, The communications system of claim 29, wherein said processor of said mobile station
comprises a message formatting mechanism which generates in said message a bit vector
comprising a list of values representative of whether respective signal qualities of said pilots
equal or surpass said threshold signal and an index which identifies which of said pilots has a

largest measured signal quality.

31.  The communications system of claim 29, wherein said mobile transmitter transmits

said bit vector at least once every frame of a CDMA IS-95 protocol.



32.  The communications system of claim 30, wherein said nobile -
transmtter transmts said bit vector at |east nultiples—ef—afrane and

fractions of a frane of a CDVA | S-95 protocol. 33, st 'mtions
system of claim 28, wherein said diversity recei ver\ mmm“ a
n I

pil ot receiver which neasures said respective signal les of Said
pilots; and N fingers, each of which receives at |east one of said
code channels via at |east one of a diregt path and a nultipath path froma
base station. 34. The conmuni cati ons system of claim 33, wherein said

pr ocessor Lonprkses. . . an assi gnient, mechani smwhich assigns said, N
fingers toﬁa su @e@m&uwagpnss gsgméfg p@f{g@%ﬁl@e{ﬂn ﬁ@&‘@@&&a&.’a 5 {rangrpity
exhi bi t sisgidabit tvecton ke ldast @ARIPlds fl D FrafieOidCfraclibhs OF Aefrarfié @73 EDMA I1S-95
corresponding to said code channels; and a message formatting

mechani sm - provides a list and an index in said nessage, said |ist
conpri ses val ues representative of whether respective of said pilots
correspond to said subset of N of said at | east one of said code channels,
and sai d i33dex The eamirfunizationsi syiteinfof sRirl 2B Whdrsin Baid diversitydeceiveieanpries:
signal quality. . 35. , E@ﬁ communi cat.i ons system of claim28, wherein said
plurality of badulotieseiveryahichmeasursssaidgespsctiiesignpl quplities af saidgilots; pagd
transmt said NRRGE, lckth & WRLS rRBor A 16hst SMIFhid BAE CAmER IR 8ast B0t
sel ect ed geographical'ly distinct regions. 36. e comuni cat ons system
of cl ai m 28liregipatleand smilipsthyatnfran atbasd stationconpr i ses: a control
processor that determ nes which of said signal qualities of said pilots
indicated in said nessage as equaling or surpassing said signal quality

standard @arr eqReosmindniiiG s§4taBF clafm 33 whepdi k&l photefbr Bifrisst.at i ons; and
an assignment mechanism which assigns said N fingers to a subset of N of said at least
one of said code channels that exhibit signal to interference ratios greater all other signals
corresponding to said code channels; and
a message formatting mechanism which provides a list and an index in said message,
said list comprises values representative of whether respective of said pilots correspond to
said subset of N of said at least one of said code channels, and said index identifies which of

said pilots has a largest measured signal quality,

35.  The communications system of claim 28, wherein said plurality of base stations each
comprise a plurality of sectors that transmit said respective pilots and said respective code

channels into selected geographically distinct regions.

36.  The communications system of claim 28, wherein said system controller comprises:

a control processor that determines which of said signal qualities of said pilots
indicated in said message as equaling or surpassing said signal quality standard correspond to
which subset of said plurality of base stations; and

a control signal formatting mechanism that forms a control signal which is
communicated to said plurality of base stations for controlling the forward traffic channel
power allocation by controlling code channel power levels of said subset of said plurality of

base stations as determined by said control processor.



a contrel signal formatting mechanismthat fornms a control signal which is
conmtuni cated to said plurality of base stations for controlling the forward
traffic channel power allocation by controlling code_channrel—power Tevel s

8Lnf?iold ;lrjgggtssgl; said plurality of base stations as dﬂ“mmmm“ﬂmﬁénw

38 37. The conmuni cations system of claim 30, wherei mn sai d n¥ssig
formatti ng mechani sm conpri ses: ggreceiving nechani smt hat recel ves
a handoff directi on massage which identifies in a predeterm ned order said

m

plurality,of b at ai cti an an..arr
Peehant sidThat 15§ sommauACH et Bl B .36 wiRtein R message frRfuRh -RRHifh,
of base sb@ﬁpﬂms to correspond with said order and pl aces said values |n
sai d respective data fields corresponding to said order, said val ues

i ndi cative of HFFEENEE Meshanismdhatirecsives piapdotfdiractipn message which identifies iR pass
sai d thfe J% étgmﬁmsa‘@ﬂdersm&ﬁurahp/%rbamtfﬂohyma?dacﬁk}épalzﬂﬂ forward traffic

channel ocat 1 on unit conprising,
nmeans for nmeasan amglgrrgsmexﬂmnmm tkatgamhg@mépebmmdamé fisldg fiarl each pEsmdpturady by a

St anaar o’ Bk FBHoR R podegiond vl PEEr apdplaberpad vaineh f sadfodpectaass

fields corresponding to said order, said values indicative of whether said signal qualities of

said pilots equal or surpass said threshold signal.

38.  An apparatus for changing forward traffic channel power allocation, comprising:

a mobile unit comprising,

means for measuring respective signal qualities of signals transmitted by a plurality of
base stations,

means for generating a signal quality standard based on said signal qualities measured
by said measuring means and a delta value of signal quality, wherein said signals are pilot
signals, wherein said_ delta value is a representative of a fixed signal level below a strongest
pilot signal level of said pilot signals,

means for generating a bit vector listing base stations having measured signal qualities
not less than said standard, each of said base stations in an active set of said mobile unit,

a transmitter that transmits said bit vector; and

means for adjusting said forward channel power allocation of said plurality of base

“stations based on said plurality of based stations identified in said bit vector.

39,  The apparatus of claim 38, wherein said processor comprises:

a threshold generating mechanism that generates a threshold signal as said signal
quality standard based on at least one of said pilots having a largest measured signal quality
over a predetermined time interval; and

a comparison mechanism that compares said respective signal qualities of said pilots
to said threshold signal.



by sai d:- neasuring means and a delta val ue of signal quatity, wherein said

sighals are pilot signals, wherein said delta val ue |ﬂ é\rabh\,ce of
a fixed signal |level below a strongest pilot signal mﬂw

signal s, means for generating a bit vector listlng ”ﬁ

havi ng neasured signal qualities not |ess than said standard, eac’n sai d
base stations in an active set of said nobile unit, atransmtter
that transmts said bit vector; and 39 neans for adjusting said forward

channel power allocation of said plurality of base stations based on said

pluralitygpf bﬁqﬁgg?%gﬁgmgaguﬂ gigq;uegéugd in said bit vector. 39. The

appar atus of ¢ ereln sald processor conpri ses: a threshold
generating necslamlnn&msfdraheagmngmﬂmses adwamltgotedemcrgmuingasﬁrg'rsd si gnal

qual ity standard based on at. | east, one, of sai havi n | a
measur ed si gnaf9RIAFeSE]F Gouarises i‘)ﬁﬁ@ﬁ?‘@% E‘g‘ ‘Fﬁe ‘f q’gfﬁher 2 aSt
conpar i SQghe ABf ﬁﬁ‘dlvb@ﬁltfﬁﬂa%rqfas e allaRE b 2\BdE chiIMk] ﬁg‘ﬁdl iffdn®a tabe Sa' d

pilots to said threshold signal.
39 40. staties; @qslparat us of claim 38, wherein: sai d neans for

measuring COMRGa®fgard i%{' \égﬁesra!lt}t?é %‘iex;e\ét%{' 1@{3‘ \% eqstatlorllsn %%%ing respective code

channel signals which have been allocated to said at least one finger.

41.  The apparatus of claim 38 wherein said signals are comprised of a plurality of

different carrier signals.

42.  The apparatus of claim 41 wherein said plurality of different carrier signals are

transmitted from a corresponding plurality of differently configured antennas.



sai d processor conprises a deternining mechani sm t hat 28613 i (fes
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