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the pres@nt o ﬁmmg@hap 8Beaths, gmpm@w@d@ns_r ef erence herei n. The use of
CDMA techniques 1 n aBp mul ti pl e access comruni cation systemis further

di sclosed in U S. Patent No. 5,103,459, entitled "SYSTEM AND METHOD FOR
GENERATI NG 1L sms«npmﬁmtﬂ{emtéam CELLULAR TELEPHONE SYSTEM',
assigned to the assignee of the present invention and incorporated by 30

reference herein. The CDVA system can be desi ?ned to conformto the
The use of code division multiple access (CDMA) modulation

15  techniques is one of several techniques for facilitating communications in
which a large number of system users are present. Although other
techniques such as time division multiple access (TDMA), frequency
division multiple access (FDMA), and AM modulation schemes such as

A amplitude companded single sideband (ACSSB) are known, CDMA has

20 significant advantages over these other techniques. The use of CDMA
techniques in a multiple access communication system is disclosed in U.S.
Patent No. 4,901,307, entitled "SPREAD SPECTRUM MULTIPLE ACCESS
COMMUNICATION SYSTEM USING SATELLITE OR TERRESTRIAL
REPEATERS,"” and assigned to the assignee of the present invention and

25 incorporated by reference herein. The use of CDMA techniques in a
multiple access communication system is further disclosed in U.S. Patent
No. 5,103,459, entitled “SYSTEM AND METHOD FOR GENERATING
SIGNAL WAVEFORMS IN A CDMA CELLULAR TELEPHONE SYSTEM”,
assigned to the assignee of the present invention and incorporated by

30 reference herein. The CDMA system can be designed to conform to the
“TIA/EIA/IS-95 Mobile Station-Base Station Compatibility Standard for
Dual-Mode Wideband Spread Spectrum Cellular System”, _hereinafter
referred to as the IS-95 standard.

The CDMA system is a spread spectrum communication system. The

35  Dbenefits of spread spectrum communication are well known in the art and
can be appreciated by reference to the above cited references. CDMA, by its
inherent nature of being a wideband signal, offers a form of frequency
diversity by spreading the signal energy over a wide bandwidth. Therefore,
frequency selective fading affects only a small part of the CDMA signal
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cover ed1® t Aysterhmhigh conforms to the IS-95 standard, forward link data and voice
transmissions occur over orthogonal code channels. In accordance with the
IS-95 standard, each orthogonal code channels is covered with a unique
Walsh sequence which is 64 chips in duration. The orthogonahty
minimizes the interference between the code channels and improves
20 performance.

CDMA systems offer higher system capacity, as measured by the
number of supportable users, through several design features. First, the
transmit frequency of adjacent cells can be reused. Second, increased capacity
can be achieved by using more directive antennas for the transmission to

25 some areas or to some remote stations. In the CDMA system, the coverage
area (or cell) can be divided into several (e.g., three) sectors using directive
antennas. The method and apparatus for providing sectors in a CDMA
communication system is described in U.S. Patent No. 5, 621 752, entitled

.. "ADAPTIVE - SECTORIZATION : IN - A. SPREAD “ SPECTRUM =
30 'COMMUNICATION SYSTEM", a551gned to the assighee of the present '
invention and incorporated by reference herein. Each sector or cell can be
further divided into more directive spot beams. Alternatively, spot beams
can be assigned to selected remote stations or a set of remote stations within
a sector or a cell. A picocell is a localized coverage area within a sector or a
35 cell. The picocell can be embedded within a sector or a cell to improve
~ capacity and provide additional services.

In the exemplary CDMA system, the forward link transmissions in
different sectors typically use different short PN spreading sequences (or
different offsets of a common set of short PN spreading sequences). Thus,
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of different beams, sectors, or picocells in CDMA systems with minimal 31gna1
processing. And third, maintaining conformance to the IS-95 standard is a

desirable condition. The present invention addresses these challenges.
20

SUMMARY OF THE INVENTION

The present invention is a novel and improved method and

25 apparatus for providing orthogonal spot beams, sectors, and picocells. The
transmissions can be made orthogonal by using orthogonal auxiliary pilots

and different Walsh traffic channels in adjacent areas. In accordance with

the 1IS-95 standard, the pilot signal is covered with the 64-chip all zeros
Walsh sequence. In the exemplary embodiment, the 64-chip all zeros Walsh

30  sequence is designated as P and the 64-chip all ones sequence is designated as
M. In the present invention, additional pilot signals can be provided by
concatenating the 64-chip all zeros P and all ones M sequences. For two pilot
signals, pilot Walsh sequences of PP and PM can be used. For four pilot
signals, pilot Walsh sequences of PPPP, PMPM. PPMM, and PMMP can be

35 used. The present invention can be extended such that K pilot Walsh
sequences can be generated by substituting each bit in an K-bit Walsh
sequence with the 64-chip all zeros P or all ones M sequence depending on

the value of that bit. Using this method, K pilot Walsh sequences can be
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other and to the remaining Walsh sequences. The remaining 63 Walsh

20 sequences are still available for system use.

It is yet another object of the present invention to provide an efficient
mechanism to search and distinguish' the pilot signals of different beams,
sectors, and picocells in CDMA systems. In the exemplary embodiment, the
pilot signals are spread using the same short spreading sequence. The

25 remote station is able to despread all pilot signals using the same short
despreading sequence. For each 64-chip interval, the length of the basic
Walsh sequence, the despread signal is decovered with Walsh sequence zero
to provide I and Q pilot values. For each pilot signal hypothesis, the I and Q

- pilot values obtained from the present and previous 64-chip intervals are

30 combined in accordance with the hypothesis and the decovered pilot is
compared against predetermined thresholds. Since all pilot signal
hypotheses can be computed from the common set of I and Q pilot values,
the signal processing to receive and distinguish the pilot signals from
different beams, sectors, and picocells can be easily performed.

35 It is another object of the present invention to provide an efficient
mechanism to add and drop beams, sectors, and picocells from the active
and/or candidate sets of the remote station. In the exemplary embodiment,
each remote station maintains an active set comprising the list of beams,
sectors, and picocells with which the remote station is in active
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FIG. 1A is a diagram of an exemplary CDMA cell comprising a wider
20 beam and a plurality of spot beams;
FIG. 1B is a diagram of an exemplary CDMA cell comprising three
sectors and a picocell;
' FIG. 2 is a block diagram of an exemplary forward link transmission
and receiving subsystem of the present invention;
25 FIG. 3 is a block diagram of an exemplary channel element within the
base station; and

FIG. 4 is block diagram of an exemplary demodulator within the
remote station.

| FIG. 5 is a block diagram of EB/Nt with respect to the Distance from
30 picocell. :

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

35 : The present invention is a method and apparatus for providing
orthogonal spot beams, sectors, and picocells. In accordance with the IS-95
standard, the forward link comprises 64 orthogonal code channels which are
generated by covering each code channel with one of 64 unique Walsh
sequences. In accordance with the IS-95 standard, Walsh sequence zero is
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number of Walsh sequences available for covering code channels is fixed for
an I5-95 system. A method and apparatus is required to provide additional
orthogonal pilot channels, as required by beams, orthogonal sectors, and
picocells without utilizing pre-exiting Walsh sequences since that would

20 reduce the number of available Walsh sequences which can be used to cover
traffic and control channels. In addition, maintaining capability with the IS-
95 standard is an important consideration.

In accordance with the IS-95 standard, each Walsh sequence is 64 chips

in duration. Furthermore, the Walsh sequence reserved for the pilot
25 channel is the all zeros sequence. In the present invention, the additional

orthogonal pilot channels are provided by concatenating the all ones and all

‘zeros sequences. The all ones and all zeros sequences are orthogonal to all

other Walsh sequences. The additional longer pilot Walsh sequences

provided by the present invention are orthogonal to each other and the
30 other 64-chip non-pilot Walsh sequences.

In the exemplary embodiment, the 64-chip all zeros Walsh sequence
is designated as P and the 64-chip all ones sequence is designated as M. In
the present invention, additional orthogonal pilot Walsh sequences can be
provided by concatenating sequences of P and M. For example, two pilot

35 channels can be provided by using 128-chip pilot Walsh sequences obtained
with a 2-bit type of Walsh code mapping of P and M. Thus, pilot Walsh
sequences of PP and PM can be used. The PM pilot Walsh sequence

~ comprises a 64-bit all zeros sequence immediately followed by a 64-bit all
ones sequence. Similarly, four pilot channels can be provided by using
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Many benefits are provided by the pilot channels generated in
" accordance with the present invention. First, the number of Walsh
sequences available for other code channels is not affected (or reduced) by
15 the additional pilot channels. Second, in the exemplary embodiment, the
same short PN offset is utilized for all pilot channels so that searching for
pilot signals of spot beams, sectors, and picocells is simplified. Third, the
addition or removal of beams, sectors, or picocells to or from the active
and/or candidate sets of a remote station is simplified. And finally, the
20 interference of the pilot channel to adjacent areas is minimal since the pilot
channels are orthogonal. The interference of traffic channels is also
minimal if the traffic channels in the adjacent areas use different Walsh
channels. These benefits are described below.
Referring to the figures, FIG. 1A is a diagram of an exemplary CDMA
25 cell. The forward link transmission from base station 4 to remote station 6
can comprise wider beam (or omni-directional beam) 12 and spot beams 14a
and 14b. As shown in FIG. 1A, spot beams 14 can be directed at different
geographic coverage areas and can have different sizes. Spot beams 14 can be
used to increase capacity and improve performance. Base station 4 can
30 transmit to zero or more remote stations 6 within any beam. For example,
in FIG. 1A, base station 4 transmits to remote station 6a using wider beam 12,
to remote stations 6b and 6c using spot beam 14a, and to remote station 6d
using spot beam 14b.
FIG. 1B is a diagram of another exemplary CDMA cell. The CDMA
35 cell can be partitioned into sectors 16 in the manner described in the
aforementioned U.S. Patent No. 5,621,752. Picocell 18 is a localized
transmission which is embedded within sector 16a. As shown in FIG. 1B,
base station 4 can transmit to zero or more remote stations 6 within any
sector 16 or picocell 18. For example, in FIG. 1B, base station 4 transmits to
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downconverts, quadrature demodulates, and quantizes the signal. The

digitized data is provided to demodulator (DEMOD) 136 which despreads the

25 data with the short PNjand PNQ sequences, decovers the despread data with

- the Walsh sequence, and derotates the decovered data with the recovered

pilot signal. The derotated data from different correlators within

demodulator 136 are combined and descrambled with the user long PN

sequence. The descrambled (or demodulated) data is provided to decoder

30 138 which performs the inverse of the encoding performed within channel
element 112. The decoded data is provided to data sink 140.

A block diagram of an exemplary channel element 112 is shown in

FIG. 3. In the exemplary embodiment, channel element 112 comprises at

least one traffic channel (or code channel) 212 and at least one pilot channel

35 232. Within each traffic channel 212, CRC encoder 214 receives the traffic

data, performs CRC encoding, and can insert a set of code tail bits in

accordance with the IS-95 standard. The CRC encoded data is provided to

convolutional encoder 216 which encodes the data with a convolutional

code. In the exemplary embodiment, the convolutional code is specified by
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figures, Fl@QurhBet Soft gil69" @hrilelfn28X erihifed GdMiependent on the system
requirements. For each pilot channel 232, the pilot data is provided to
multiplier 234 which covers the data with a pilot Walsh sequence. In the

20 exemplary embodiment, the pilot data for all pilot channels 232 are identical
and comprises the all ones sequence. The covered pilot data is provided to
gain element 236 which scales the pilot data with a scaling factor to maintain
the required pilot signal level. The scaled pilot data is provided to switch
230 which directs the data from pilot channel 232 to the proper summer 240.

25 The hardware as described above is one of many embodiments which
support multiple particularized transmissions from base station 4. Other
hardware architectures can also be designed to perform the functions
described herein. These various architectures are within the scope of the
present invention.

30 In the exemplary embodiment, the Walsh sequence provided to each
traffic channel 212 is a 64-bit Walsh sequence as defined by the IS-95
standard. In the exemplary embodiment, Walsh sequence zero is reserved
for the pilot channels. In the exemplary embodiment, the pilot Walsh
sequence provided to each pilot channel 232 is generated from concatenation

35  of the 64-bit all zeros and all ones sequences. The number of pilot channels
required determines the minimum length of the pilot Walsh sequences. In
the exemplary embodiment, for two pilot channels, the length of the pilot
Walsh sequence is 128 bits and for four pilot channels, the length of the pilot
Walsh sequence is 256 bits. The length of the pilot Walsh sequence can be
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A block diagram of an exemplary demodulator within remote station

6 is shown in FIG. 4. The forward link signal is received by antenna 132 and
~provided to receiver 134 which processes the signal in the manner described
20 above. The digitized I and Q data is provided to demodulator 136. Within
demodulator 136, the data is provided to at least one correlator 310. Each
correlator 320-processes. a different multipath component of the received

signal. Within correlator 310, the data is 'provid_e'd to complex conjugate
multiplier 320 which multiplies the I and Q data with the short PNj and

25 PNg sequences to obtain the despread I and Q data. The complex conjugate
multiply removes the spreading performed by the complex multiplier
within modulator and transmitter 114.

The despread I and Q data is provided to multipliers 322a and 322b
and pilot correlators 326a and 326b, respectively. Multipliers 322a and 322b

30 multiply the I and Q data with the Walsh sequence (Wx) assigned to that
correlator 310. Thel and Q data from multipliers 322a and 322b is provided
to accumulators (ACC) 324a and 324b, respectively. In the exemplary
embodiment, accumulators 324 accumulate the data over the 64-chip
interval, the length of the Walsh sequence. The decovered I and Q data

35 from accumulators 324 is provided to dot product circuit 328. Pilot
correlators 326a and 326b decover the I and Q data with the pilot Walsh
sequence (PWy) assigned to that correlator 310 and filter the decovered pilot
signal. The operation of pilot correlators 326 is described below. The filtered
pilot is provided to dot product circuit 328. Dot product circuit 328 computes
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and quadrature channels are accumulated and stored as the I and Q pilot
values, respectively. The I and Q pilot values for the current sequence
20 interval are combined with the I and Q pilot values for previous sequence

intervals in accordance with the pilot hypothesis being searched. As an
example, assume that Iy and Qp are the pilot values accumulated for the

current sequence interval, and I and Qy, I, and Q,, and I3 and Qs are the
pilot values accumulated for the immediately prior three sequence

25 intervals. Then, for the PPPP pilot hypothesis, the -decovered pilot
comprises Igpppp=Ilg+I1+Ir+I3  and Qgpppp=Qp+Q;+Qy +Qs
Similarly, for the PMPM pilot hypothesis, the decovered pilot comprises
Lapmpm=Io-I1 +15-13 and QupvpM=Qp-Q1+Q; -Qs Thus, the
decovered pilot for all pilot hypotheses can be calculated from the one set of

30 Iand Q pllot values. The energy of the decovered pilot can be computed as
E,= 1g" + Q4.

Many benefits are provided by the pilot channels generated in
accordance with the present invention. First, the number of Walsh
sequences available for other code channels is not affected (or reduced) since

35 63 are still available for the traffic channels and only Walsh sequence zero is
used for the pilot channels. This is particularly important when capacity, in
terms of the number of remote stations supportable by base station 4, is

sought to be increased with minimal changes to the CDMA architecture as
defined by the 1S-95 standard.
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standard. In the exenplary &n : sequence zero is resérved
for the pipasticulariges transmissien ecosrgspangingriodhisepilot tsignali ¢ast bevadsded

to the active/candidate set of remote station 6. Alternatively, if the energy
Epof the pilot signal is below a drop threshold, the particularized

transmission corresponding to this pilot signal can' be removed from the

25 active/candidate set. -  Similarly, handoff between particularized
transmissions can be handled in a manner similar to that performed in 15-95
systems.

L Auxiliary Pilots for Sectored Cells

30
The present invention can be utilized to provided improved
performance for sectored cells. In accordance with the IS-95 standard, each
sectored cell uses a different PN offset of a common PN sequence on the
forward link. This architecture does not provide forward link signals which
35. are orthogonal to each other and this can limit the performance of the link.
For example, if remote station 6 is close to base station 4, the path loss is
small. This enables transmissions of high rate data over the link. However,
if remote station 6 is between two sectors, remote station 6 receives a
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IL Auxiliary Pilots for Picocells

20 The present invention can be used to provide additional pilots for
picocells. The picocell can comprise a localized coverage area which can be
used to provided additional services. The pic'ocell can reside (or be
embedded) within a macrocell and the macrocell can be a cell, a sector, or a
beam. In one implementation, the picocell can be implemented using

25 different transmission frequencies. However, this may not be feasible or
economically practical. The present invention can be use to provide
separate pilots for picocells.

In the exemplary embodiment, a set of Walsh sequences which are
not used by the macrocell can be used by the picocell. In the exemplary

30 embodiment, the picocell aligns its transmit timing to that of the macrocell.

- This can be accomplished by one of many embodiments. In the exemplary
embodiment, a receiver at the picocell receives the forward link signals from
the picocell and the macrocell and adjusts the timing of the picocell so that it
is aligned with that of the macrocell. After time alignment of the

35 transmissions of the picocell with those of the macrocell, the transmissions
from the picocell can be made orthogonal to those of the macrocell at the

center of the picocell by using orthogonal auxiliary pilots and different
Walsh traffic channels for the data in the cells.
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Conbi ner conbi nes
non-orthogonal, the remote station in the macrocell receives a substantial

amount of power from the picocell. FIG. 5 shows that if the remote station
20 is within about 40 meters of the picocell, the macrocell has to transmit a
considerable amount of power in order to maintain the communication
with the remote station. With an orthogonal picocell, the region where the
macrocell has to transmit a lot of power drops to just a couple of meters.
- Similarly, there is a substantial range increase for the picocell user by having
25 the picocell radiate orthogonally to the macrocell. The example in FIG. 5
shows that the range increases by about 50% when the remote station is
"closer to the macrocell and increases substantlally more in the other
direction.

FIG. 5 shows the effect along line 20 going through p1coce11 18.
30 However, if the mobile station is not on line 20, the performance can be
calculated. For a given distance from the picocell, the performance will be
bounded between that given for the remote station at the same distance, but

on line 20 and being closer to the macrocell and further from the macrocell.
The present invention has been described in the context of Walsh
35 sequence zero which is reserved for the pilot channel in IS-95 systems.
Other Walsh sequences can also be used to generated the pilot Walsh
sequences of the present invention. The selected Walsh sequence and its
complementary sequence can be used to generate the pilot Walsh sequences
in the manner described above. In the exemplary embodiment, the




correlators 310 which have been assi gned td denodul ate the j -$34 gnal
10 and r R ¥IPX conbined data to I ong PN despreader 332.£§g@3¥§%
despreader 332 despreads the data with H%e | ong PN sequence and provides -
t he denodul ated data to decoder 138. The operation of pil ot

correl ator g l'bﬁleqlﬁa%@{ isEﬁGeﬁ’ée i®lde?red Ibg fiRrting e£8NE It 3hY HRMRARIICERNT
SLS fro oﬁs

the pil ot pa &cular,l ed h{a smslgi 15 are spread with the
sanme short $9aHERCS it Adtsrpatively, « thejicomp emenipiyn sequencoaray, be a
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val ues, 5r espect iAkhguglihihel peesentinvémtion sharebe fdesctibed dnrthencostextefce 20
i nterval ar L 4k t i | f I ce
it or val s GPYERSY AR Witk RarbrdlB o fsohs KBRS, B Bident i veRiiey

exanpl e, assnnbet gxtendedr t9 atherQecomrhuaieatione pystemsval The pibimWalshy f or
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i medi at el EXgMpPary A395 sxsterande 64schipst iy Jemgth. Basic Walshy seqnemresypf ot
Im[/pot ]hqgi Is,diffeperﬁqgﬁ sg%lgpiﬂls@tbe utiliié‘&ﬁhﬁi eswithen rtheisckgférdf] the préveht +
err .errj]. .an = Jerr rr err err .
Similarly, RYPh{RE. p THheTIRO pd’l’Wes‘? Rogoraladiavehes BF) 51P]P68ﬁ’6PF%%%
| [err] = I [oxthidgondl[sequénce ¢drealsb be ufert ahd ard withiey thle scoRQeastr the pfdsent]| +
gerr] - qi%’%ﬁ(?q Thus, the decovered pilot for all pilot hypotheses
tion.

can be cal cul romthe one set of 30 | and Q pilot values. The energy
of the decover edlle poevious descriptipnt efdthespreferred(esbgdimerjteris provigest td
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with the principles and novel features disclosed herein.

WE CLAIM:



12 Second, in the exenplary enbodi ment, the sanme short PN of f set
is wo 49713608 for all pilot channel s so that searchi ngPEBUSEHI713
di stingui shing pil ot signals fromparticularized tr -ssions are

sinplified. In the prior art sectboed cell, tte pil ot s gm\eabh
sector is spread with short PN sequaw havi ng. |\‘m\\“\§!‘%§\“ B At
renote station 6, a search of the p nal s s nde8preadi ng
the received signal with different short PN sequences; each having a
different offset correspondi.ng to fhat of theg sector. In the exenpl ary
enbodi ment, th -pn&rrlgtbﬂ&fegmo § 0y uprliery PHIOhSAMRSITNG thecsteps
spread2wi ph: t he sane short PN sequences but covered with different pilot 10
Wal sh sequences. Thus, 4%? ilot .signal is only despread once and the
decovered pi | of * VG R Wi 8ot hypot heses can be conputed from the
comondset of toweningsaid pilov dhtrewitsa gélot Walsh sejuence. Third,
the addition or renoval. of spot beans, sectors, and picocells to or
from the active set and/or the candidate set of renpte station 6 is 15
sinplified by 2he pAbsemethadepfidaim |h whereik esadd apilote Welshesequensant e
station 6.6afbride8ah ddiRaRinaRéd SbéfitinteCBY €4 Whsit Walshe fiiguehcd/éhwd fgquence
I n a manner simlar to those fromother sectors and cells. :
Speci f i cacPplementyy sequenge. actjve and candi date pilots can be maintained
by conparing the energy obtained by the searcher pilot correlator 326
with a set of predetegermn O ,thresholds. Lf th ner of t I | ot
signal is abovg' an {:he?tg\gﬁolo&cli?mh? "gﬁerﬁéﬁ’t?ac,xﬁlﬁ?ﬁlﬁg&af nsselﬁurs%g'lcgn

cor r es@naomprisestan all petast sesjugmae. can be added to the

active/ candi date set of renote station 6. Alternatively, if the energy
E[err] of the pilot signal is below a drop threshold, the particularized
transmission cder espgdednethad of glaimp? wherginysaid kasic Walshngsgaence dsrbthe 25
act i ve/g:an'ﬁysaﬁgle b Simlarly, handoff between particularized
transm ssions can be handled in a manner simlar to that perforned in IS 95
systens. _ '
’ 5. The method of claim 2 wherein said pilot Walsh sequence is

2 128 chips in length.

6. The method of claim 2 wherein said pilot Walsh sequence is
2 256 chips in length.

7. The method of claim 2 wherein said pilot Walsh sequence is 64

2 times K chips in length, where K is a number of pilot Walsh sequences
available.

8. The method of claim 1 wherein said pilot Walsh sequence

2 comprises a K-bit sequence of a Walsh code mapping and wherein each bit of
said K-bit sequence is substituted with a basic Walsh sequence or a
4 complementary sequence depending on a value of said bit.

9. The method of claim 8 wherein said complementary sequence
2 is derived by inverting each bit within said basic Walsh sequence.

10. The method of claim 8 wherein said complementary sequence
2 is a second basic Walsh sequence.



L Auxiliary Pi I ots l1s 30 Thep, {8713
i nvent i on WAM/5803,¢ j | @ “B‘ i nproved per f or mﬁi@%ﬁgr
e

sectored cells. In a WM tsh t"he .S 95 standard, each sect or ed.
cell uses a different PN offset of a co n PN sequence on the forward

link. This archifect HR8Ro8XUf QLR ﬂ%vﬁéf@ﬂ@rad élhn&f %&rﬂiﬁhﬂ? ghoiﬁiis are
orthogonal to each other and this .can |mﬁeg1 erforpanpce o

For exandl @djpstedchased enapi 8aire Ofsad]’ 25k dransmyssiey Wy e‘ﬁatslar1 0SS

S smﬂd,ahﬁy ilenabtrafsinigtegni ssi ons of high rate data over the |ink.
However , | f rermte station 6 is between two sectors, renote station 6
recei ves a 13

consi derabl e amm!nt dfhe anethdd afodiaim s1 griaéreimt 2 léregthnot saithpiohdNalsh

or t hogo nal interfer th ts the

i mom Bacsapaoge ¢ RhiRaT Prfee b o hpad o IR BGT Ghardl S ¢
signal s that are orthogonal to each other, the other-sector si gnal
interference is m n S gijtfa

possible with j ulgst ?E%Ia ﬁfo?lggﬂa s%l%eﬁrdgisel 5{‘ E'% o"?tlﬁg3 ona

si gnal i At dor @eshqeartippiarized trgnspugpigml signal s, performance in the areas
covered by nore than one antenna i s also |nproved by the diversity
provi ded by the | tipl e paths ) he or, | s

provi ded by usi ntfdi f %éﬁ?ﬁm Rbslaim 11‘Ghea%&. $i rR/‘ 3@950?531 fyglliary
sectors,zuspmscijsfiaeﬁﬁml, Wal sh traffic channels for the traffic in
adjacent sectors, and mnimzing the tine difference between the

signals received fromthe adjacent sectors. This tine difference can be
acconpl i shed by i ngTheaneth@toérci’ta;im tlherhesein saidgpibstedptadior mlk guxdiaych

ot her sopt Iﬁ?{_‘ antennas is smaller than the chip
e ti Qesd?ﬁa%e secto éﬂ&@

15 peri od can al so be adjusted to conpensate
for time dlfferences

16. The method of claim 1 wherein said pilot data for all auxiliary

2 pilots comprises an all zeros sequence.
17. A method for receiving an auxiliary pilot comprising the steps

receiving a pilot signal and providing pilot data;
4 accumulating said pilot data over a length of a basic Walsh sequence
to provide I and Q pilot values;
6 accumulating I and Q pilot values for a current interval and previous
intervals in accordance with a pilot hypothesis to provide a decovered pilot.

18. The method of claim 17 wherein said length of said basic
2 Walsh sequence is 64 chips.

19. The method of claim 17 wherein said decovered pilot is
2 compared against a set of predetermined threshold.

20. The method of claim 17 wherein a particularized transmission
2 corresponding to said decovered pilot is added to a candidate set if said
decovered pilot exceeds an add threshold.



. Auxiliary Pi s The present invention can
- be usedvO@Ip3I6oFi d lﬂtl mn@ m s for pi cocell.s. POHESY$18B8el | can
conprise a |ocali z rea Whl ch can be used to provided

addi ti onal ser VI ces The p| cocel | ca® reside (or be enbedded) wi't hin

[ | ] .b 3
gnga F:rglcgment i on ?aﬁrgétﬁﬁgogg 11)cﬁ'aﬁ7 %’ﬁ%ﬁﬂ é‘ar@érsﬁ}}?%eﬁgtrfgsmlﬁﬁ’lp?’:p]e nt "
t rans®i s@mspbndmghmsmsl dedonevad pilohis remgved from af caciidate set if said
economi C&éé&ef’é@?hb??é bel&l'e?ﬁr%eiﬂ}es'h@'&”t ion can be use to provide

Separate pilots | cocel In the exenplary enbodi nent, a
set of Wl sh.sequences which are not used by the macrocell can be used

by the picocepd. I'phé heetBvd Nt ala; 397‘&{@@&1 C{Jnﬁ,]z@dg ns its..
transgﬂ ti m ng to that c{ﬁithe rram This can felﬁa?l%{crt)l’Slrrér")lolglshed by

one o &E’ﬁ’t salq glecqye r? added cion @B aetive-setr¥cstider at

t he pi co@@jdvef@i:pﬂmegxéd@asfa@rm dhfgshbldsl gnals from t he picocell and
t he macrocell and adjusts the timng of the picocell so that it i's

aligned with that of the nmacrocell. After time alignnent of the 35
transni ssi ons2df tTee phethod bf vlaiin 1Tiveeerein ahpartiratayized fransmission

transai St of the
macr ocel ?dr?%ki;{o%\dmg ,CE)%%’ie&n'ta &&%@?%ﬂoﬁ%&&ﬁ?@@;?um n%?%(reﬁﬁL %ﬁ(ﬁ Q&?ﬁl liary
pilots a@epoa'uemcbpdntlsbelommﬁptthmsg\oa;dchannel s for the data in the cells.
14 A diagram a picocell 18 enbedded within a macrocell (or
sector 16a) i% shown in FJG 1B.  Line 20 fpasse t hrough, the center of
pi cocel | 18. . A&la&magﬁ{% o[rﬂ'gcelvmg an auxihary pilot comprising :

ener g2- per - bi & réceiver folr recdieirigea pilor sifgnd iadnd prividing=piIdt @atal angf - a
~a pilot correlator for receiving said pilot data and providing a
4 decovered pilot.

25. The apparatus of claim 24 wherein said pilot correlator ---
2 computes said decovered pilot based on a pilot hypothesis.

26. The apparatus of claim 24 wherein said pilot correlator
2 accumulates said pilot data over a length of a basn: Walsh sequence to ™~
provide I and Q pilot values.

27. The apparatus of claim 24 wherein said pilot correlator -
2 accumulates said I and Q pilot-values for a current interval and previous
intervals in accordance with a pilot hypothesis to prov1de said decovered
4 pilot.

28. A method for 'providing orthogonal particularized
2 transmissions comprising the steps of : " .

covering traffic channels of each particularized transmission with -
4 different Walsh sequences; and

covering pilot signals of each-particularized transmission with
6 different pilot Walsh sequences.

29. The method of claim 28 wherein said pilot Walshk sequences
2 are derived from a basic Walsh sequence. -~



renot e stat|0n6a hown in FIG 5. In FIG

E[err]/N[‘@’ ’]9 “mmmuml'ﬁm”ﬂm radl ates in a nmanner vml:’:t'ﬁbgﬁmns

ort hogonal to the nacrocel | n s ioccocel I which does not radiate -
orthogonal ly to the macrocell are own. FIG 5 shows that
there is only asemal Iméea{eaﬂealmclamnzsb Reherein said bade'Whlsh ge§eénce & t he
macrocell IL‘@% renote station) when the 10 macrocell user énters the
pi cocel 12 W@ ht’fﬁ&uef‘ﬁ%lz@r‘?s a dramatic drop in « :x E[err]/Nerr] when the
renmote station in the macrocell is aI nost at the sane | ocation as the

pi cocell. This i,g due,to t ver, gn t he |coceII and
t he assunpti on tat t‘%elﬁft&r}’ el Ifglé rﬁﬁﬁ’%@el f}ng ‘geg% rf&ra%m? m

perfect | gartioglamzed trandshiSsidh compirising thestepshaf : there is am n| nmum 15

ling f t J
tC(r)uug Imngl rnrJ(r)nmcoL}:%IV?Ji‘\l%%fg gfflé Ocﬁg}ﬁl%ﬁoéf’fs%d spéfﬁtcmﬁiaerﬂ%@%t ﬁe pi cocel I S
power i & ndNalsh sesenaps pothoganab o tthesenef isssroundingyisensmissionsa@ngi cocel |
I s non- or t hegeRRk, pf(% sﬁgl)to? said? tpaeﬂchxarizl&a ﬂ%&ﬁﬁ@élbnrﬁfiﬁ{ %opilat

Sumtam& alWﬁhﬁh @%%cg orthpgenal ta’b@ms ﬁ%&gﬁg gtt¥|?é‘s 51@@95 81

the re [ Bt Bf1, the
macrocell has to transmt a consi der abl e anount of power in order to
mai ntain the co ni cation ith t renot.e station. . W.th an ort hogonal
pi cocel |, the r% onc@ﬁ’ef‘eetpﬂg of Cfa%ﬁd’(‘fﬁﬂ“ﬂf?“?@ﬁa‘ﬁ%ﬁ?}f S&‘WSPC%Fg
power drdpderivgdifom admsit Walsh segaence. Simlarly, there is a

substanti al range increase for the picocell user by having 25 the picocell
radi ate orthogonally to the macrocell. The exanple in FIG 5 shows

that the range i¥er eabhe mesthadoof clim RAawherainrsaid basict Walshn sequence is
cl oser tp tmlmgé@g@{cb Z’g}g i ncreases substantially nore in the other

di rection. 5 shows the effect along line 20 going through
pi cocell 18. 30 Fbmever, if the nobile station is not on line 20, the

per f or mance can be cal cul ated. For a given distance fromthe picocell,
t he performance wll be bounded between that given for the renote
station at the sane distance, but on line 20 and being closer to the
macrocell and further fromthe nacrocell. The present invention
has been described in the context of Walsh 35 sequence zero which is
reserved for the pilot channel in IS 95 systens. O her WAl sh sequences
can al so be used to generated the pilot Wl sh sequences of the present

i nvention. The sel ected Wal sh sequence and its



conpl enent ary sequence can be used to generate the pilot WAl sh sequences

in the man i bed above. In the exenplary enbodi nent,
15 cong{aegr?glﬁ?(gy sequence is .derived by inverting each 61{(5'??%8@7@3

sel ected Wal sh sequence. Alternatively, the conpl enentary sequence can
be a second basic Wal sh sequence. Impygummary, other basic Wal sh_
sequences can be utilized and are within the scope of the present
invention. 5 Al t hough the present invention has be described in the
context of a CDVA system which confornms to the 1 S-95 standard, the
present invention can be extended to other communication systens. The
pilot Wl sh sequences can be generated fromthe basic Wil sh sequence
which, in the ~ exenplary |1S-95 system is 64 chips in |length. Basic

Wal sh sequences of 10 different |lengths can also be utilized and are
within the -scope of the present invention. Furthernore, any orthogonal
sequence or approximtely -orthogonal - sequence can also be used and are
wi thin the scope of the present iayvention. The previous
description of the preferred-enbod nen IS~ ovided to 15 enable any
person skilled in the a#to ma 3 i nvention. The
various nodificady on 0 these £ Q@oinent‘ w |l beNeadily apparent. to
those skilled iMthe art, and tfhe Weneri c\principl es
applied to other bodi ment s § '
Thus, the prese i nvention i el to belimted to the 20

enbodi nents shg herei n but ofded the w dest\scope consi stent
with the pringlples and novel VE CLAI M

FIG. 1A




16 CLAI M5 1. A net hod for
_ provi di ng WO %3605 ary pilot conprising the steps 2 of: PCT/US98/18¢18i vi ng
pilot data; and 4 covering said pilot data with a pilot Wl sh
sequence. 2. The nethod claim1 wherein said pilot Wlsh
sequence 2 conprises a concat enat ed? sequence of a basic Wal sh sequence and
its conpl enentary sequence. 3. The nmethod of claim2 wherein
sai d basic Wl sh sequence 2 conprises an all zeros sequence. 4,
The met hod of claim2 wherein said basic Wal sh sequence is 64 2 chips in
| engt h. 5. The met hod of claim2 wherein said pilot Wal sh
sequence is 2 128 chips in |ength. 6. The nmethod of claim?2
wherein said pilot Wal sh sequence is 2 256 chips in |ength. 7.
The met hod of claim2 wherein said pilot Wal sh sequence is 64 2 tines K
~chips in Iength, ‘ﬂmwe Kis a nunber of pilot Wal sh sequences avai |l abl e
A Y

S
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8. The nethod of claim1 wherein said pilot Wal sh sequence 2 conprises a
K-bit seqwerseaszems a \Wal sh code nmappi ng and wherein each bipchisesnssal d
K-bit sequence is substituted with a basic Wl sh sequence or a 4

conpl ement ary sequence depending on a value of said bit. - : 9. -
The nethod of claim8 wherein said coppl enentary sequence 2 is derived by
inverting each bit within said basic | sh sequence. 10. The

nmet hod of claim8 wherein s-a+el -eeH efreAtaly sequence 2 is a second basic
Wal sh sequence. 1 esnmet hod of claim 1l wherein a gain
of said auxiliary pilot is '2 adj ugd dedl on a gain of a particularized
transm ssion wherein said i+ auxi B & |I0t is transmtted. 12.
The method of claim1 wherejn a | eqotth“df $aid pilot Walsh 2 sequence is
m ni mal based on a number of requirlee—pe t channel . : 13. The
met hod of claim 1 wherein ohe auxilia® pihot is provided 2 for each
particul arized transm ssion 14.: The method of claim1 wherein
said pilot data for all aux} | i ary pi 5+i s i-dentical. 15.
The method of claim 1 where]n sai &piI®t déta for all auxiliary 2 pilots
conprises an all ones sequence. "g v
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"16 The claiml wherein said pllot data for all auxiliary 2
B 3gasens

pilots co al | zeros sequence. 17. A mPCOTAIS8/38713
receiving an auxiliary pilot conprising the steps 2 of:

receiving a pilot signal jand providing Ri {/\2{.6 data; 4 accumul ating -
said pilot data overga Igngth of aghasi & sh sequence to provide |
and Q pil ot val ues; :f.S umitati —ead Q pilot values for a

current interval
18. The et hod of

: > #\\al sh sequence is 64 chips.
19. The nmethod of claim 1™wherein said d®covered pilot is 2 conpared
agai nst a sef ~of* preurter B tHEesShol 07 pee—my 20 The method of
claim 17 whetein a partic r&ssg 2 correspondl ng to said
decovered pibot is added§ bt & f| sai d .decovered pi | ot
sai d decoy&ed . 22. The

|W_¢ I%%E accordance with a pilot
i S -

exceeds an add threshol d. 18
21.  The nmeghod of clai my

| ari zed transm ssion 2

met hod of cl z}l Qq 17 V\/nerel n anaFi?Gn?‘a‘PF:zed transm ssi dn; 2 corresponding to
sai d decovered pi | I's addedgto an actijge--set If Aaid
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decovered pilot exceeds an add threshol d. 23. The net hod of
claim 17 WeA9B605a particul arized transni ssion 2 correspongcpast®isyed d

decovered pilot is renoved froman active set -if- said decovered pil ot
is below a drop threshol d. 2 An apparatus for receiving an-
auxiliary pilot conprising: 2 516 al eceiver for receiving a pilot
signal and providing pilot data; and a pilot correlator for
receiving said pilot data and providinge 4 decovered pilot. 25.

decovered pilot based on a pilot hypot Ngesi s. 26. The appar at us
of claim 24 wherein said pilot correlgdtor 2 accunul ates said pilot data
over a length of a basic Wal sh sequencé&%to ~ provide | and Q pil ot val ues.
27. The apparatus of claim 24 wherei M said_pilot correlator 2

accumul aféS~sai™d 1" and QY pi lof --val ueg—Heg a current intervaland previous
interval $ in accordance with a pilot esis to provide sald decovered 4
pilot. 28.. A nethod fo ovi di ng ort hogona
particulérized 2 transm ssions conpgy the steps of: ) covering
traffic ¢hannel s of each particulari insmi ssion with 4 {lifferent

Wal sh sequences; and covering pt signals of each particularized
transmssion with 6 different pilot b sequences. 29. The
met hod oft claim 28 wherein said pilot Wlsh- sequences 2 arejderived from
a basicmxﬂlsh sed pree- —

The apparatus of claim 24 wherein- saggébilot correlator 2 conputes said
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- 19 _ 30.. The nethod of claim?29 wherein said basic Wal sh sequence
i s 2 Wal shWoWiéstse zero. .31. A nethod for provi diHg/P3¥A87E
performance in a 2 particularized transm ssion conprising the steps of: i
covering traffic channels of said partigplarized transm ssion with 4 Walsh
sequences orthogonal to those of surrounding transm ssions; and

covering pilot si o1 paid particularized transm ssion with a pilot 6
Wl sh sequence o0 th ona@ to those of wrr oundi gtk [ 551;%‘58
32. The met hod @é%% 1 wherei p saild pi fot Mal shlseqyence iT 2 derived
froma basic Wl g1, €. 33. |The jnmet he¢d of{ cl alm 32 wherein
sai d basic Wl sh go@eacg is 4 Wl $h segquenge zer o.
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