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(57) Abstract

A system and method for adaptively sectorizing channel resources within a dlgjtal cellular communication system The system utilizes
an antenna array for providing at least first and second electromagnetic beams for receiving a first information signal transmitted by a specific
one of a plurality of users (22), thereby generating first and second received signals. A first set of beam-forming signals are then generated
from the first and second received signals by a beam-forming network (224) and a switch matrix (228). Demodulating receivers (230) are
provided for demodulating at least first and second beam-forming signals included within the first set of beam-forming signals, thereby
producing first and second demodulated signals. The system further includes a tracking network (240) for tracking multipath information
signals, received from various positions and angles of incidence.




comuni cation channel, the information signal is first converted in?b a
formsuitable for efficient transm ssion over the channel. Conversion, or
nodul ation, of the information signal involves varying a paraneter of a 25
carrier wave on the basis of the information signal in such a way that the
spectrum of the resulting nodul ated carrier-is confined within the channel
bandw dth. At the recipient |ocation the original nmessage signal is
replicated froma version of the nodul ated carrier received subsequent to
propagation over the channel. Such replication is generally achieved by 30
using an inverse of the nodul ati on process enpl oyed during nessage

transm ssion. Mdul ation also facilitates multiplexing, i.e., the

si mul taneous transm ssion of several signals over a common channel .

Mul ti pl exed communi cati on systens will generally include a plurality of
renmote 35 subscriber units requiring intermttent service rather than
continuous access to the comuni cation channel. Systens designed to enable
communi cation with a selected subset of a full set of subscriber units have
been ternmed nmultiple access comuni cation systens. A particular type of
mul ti pl e access conmuni cati on system known 40 as a code division nmultiple
access (CDMA) nodul ati on system may be
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2 realized in accordance with spread spectrumtechniques. In spread

N

spectru , the nodul ation technique utilized results_in eadi ng
of the Mg‘ﬂ%ﬁ%d signal over a wi de frequency band V\nthlpmgm%%
communi cati on channel. O her nultiple access conmuni cation system

techni ques, include 5 time division nulltiple access (TDMA), and frequency

division multiple eccess However, the spread spectrum nodul ation
t echni que of Egéﬁﬂu,émze@'llﬁlﬂé&l’o REALRSFECHRUMN

t echni ques for nulti pI e adCOMMUNICATION S¥SaEM The use of CDVA
techniques in a multiple access conmuni cation systemis disclosed in U S.

Patent No. 10 4,901, 3Q7, ~ = ' ' SPREAD SPECTRUM
MULTI PLE ACCESS WWN%&@@&)&RE@'%%&J E_RRESTRI AL
REPEATERS" i.gn to the assignee of the present invention. In the
above- refe?eﬁé&"@e e Inyephionn, 4, 901,307, a multiple access 15 techni que

i s disclosed Wnarhe rém?mm @éllat’ésbté Q:oiﬂﬁilﬂﬁtm %y@?éiﬁs hﬂﬂhﬂﬁ
transcei ver nicate thro tellite ers or tér se
St ati ons. USPFECPREC B S e Arh A CRF3n 10 AaVel o 53 ol
method and apparatus for adaptive sectorization within a spread spectrum
10 commumcatlon system.

II. Description of the Related Art _

Communication systems have been developed to allow transmission

of information signals from a base station location to a physically distinct
15 wuser or subscriber location. Both analog and digital methods have been
- used to transmit such information signals over communication channels
linking the base station and user locations. Digital methods tend to afford
several advantages relative to analog techniques, including, for example,
improved immunity to channel noise and interference, increased capacity,

20 and improved security of communication through the use of encryption.

In transmitting an information signal in either direction over a
communication channel, the information signal is first converted into a
form suitable for efficient transmission over the channel. Conversion, or
modulation, of the information signal involves varying a parameter of a

25 carrier wave on the basis of the information signal in such a way that the
spectrum of the resulting modulated carrier is confined within the channel
bandwidth. At the recipient location the original message signal is
replicated from a version of the modulated carrier received subsequent to
propagation over the channel. Such replication is generally achieved by

30 using an inverse of the modulatlon process employed durmg message
transmission. : :

Modulation also facilitates multiplexing, i.e., the simultaneous
transmission of several signals over a common channel. Multiplexed
communication systems will generally include a plurality of remote

35 subscriber units requiring intermittent service rather than continuous
access to the communication channel. Systems designed to enable
communication with a selected subset of a full set of subscriber units have
been termed multiple access communication systems.

A particular type of multiple access communication system, known

40 as a code division multiple access (CDMA) modulation system, may be
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using other mnultiple access techniques.,For a particular cellular CDVA
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In the above-referenced U.S. Patent No. 4,901,307, a multiple access
15 technique is disclosed where a large number of mobile system users each
‘having a transceiver communicate through satellite repeaters or terrestrial
base stations using CDMA spread spectnim_ communication signals. In
using CDMA communications, the frequency spectrum can be reused
multiple times thus permitting an increase in system user capacity. The use
20 of CDMA results in a much higher spectral efficiency than can be achieved
using other multiple access techniques.
For a particular cellular CDMA system, communication between a
base station and subscriber units within the -éurrounding cell region is

achieved by spreading each transmitted signal over the available channel

25 bandwidth by using a unique user spreading code. In such CDMA 'systems
the code sequences used for spreading the spectrum are constructed from
two different types of sequences, each with different properties to provide
different functions. For example, a first type of sequence used are the I and
Q channel PN codes, which are shared by all signals in a cell or sector. In

30 addition, each user may be identified by a unique long PN code, which is
typically of a longer period than the I and Q channel PN codes.

_ Referring to FIG. 1, there is shown an exemplary CDMA
communication cell 10 in which are disposed a plurality of fixed and mobile
user subscriber units 12 and a base station 14. The subscriber units 12 are

35 grouped into first, second and third user sectors 16, 18 and 20, each of which
support an equivalent number of traffic channels. The base station 14 may
include a set of fixed-beam antennas (not shown) dedicated to facilitating

' communication with subscriber units in each user sector. Alternatively, a



‘conmuni cation with subscriber units in each user sector. Alternatively, a

3 three ewemwsmsssant enna array could be utilized to divide pépuseddrordnto the
<specified user sectors. One advantage of the systemof FIG 1 is that the
"base station 14 typically includes a d|v§r3|ty recei ver disposed to
separately receive 5 individual nultipath echoes of the PN spread waveform
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obj ect of tTke Aha¥eidual Welipath i \drdetlth time aligned within separate
receiver "fingers” dedicated to specific multipath signals, and are then
10 combined in order to improve signal to noise ratio. When.the cell 10 is
partitioned into more than several sectors (e.g., six sectors), a relatively
narrow beam is assigned to each sector. This increased sectorization may
unfortunately hinder reception of those multipath signals outside each
conceritrated sector beam, thereby undesirably reducing signal to noise ratio.
15 Accordingly, it is an object of the present invention to provide an
adaptive sectorization technique enabling separate tracking and reception of
the direct and multipath signals transmitted to and from users within a
digital communication system.

20 SUMMARY OF THE INVENTION

~ The present invention provides a.system and method for-adapfively

sectorizing ch_annél resourcesiwit'hin a digital communication system such

as, for example, a cellular communication system. The system includes an

25 antenna arrangement' for providing at least first and second electromagnetic

beams for receiving a first 'information signal transmitted by a specific one

of a plurality of users, theréby generating first and second received signals.

A first set of beam-forming signals are then generated from the first and

second received signals. | | .

- 30 A demodulating receiver is prov1ded for demodulatmg at least first

and second beam-forming signals included within the first set of

béam-forming signals, thereby prodﬁcing first and second demodulated

signals. The system further includes a tracklng network for trackmg

multipath information signals, received from various positions and angles

35 of incidence, based on comparison of the first and second d_emodulated
signals.



adaptive sectorization techni que enabling separate tracking and reception
of the direct and nultipath signals transmtted to and fromusers within a
digital COPAEMMES: | on system 20 SUMVARY RET/G$ISOTROENTI ON
The present invention provides a system and nethod for adaptively
sectorizing channel resources within a digital communication system such
as, for exanple, a cellular comunication system The systemincludes an 25
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communication system in Wthh directly transmitted and multipath signals

10 are received in accordance with the invention.

FIG. 3 shows a block diagrammatic representation of a spread
spectrum transmitter suitable for utilization within a preferred
embodiment of the invention. - ‘

FIG. 4 is a block diagram of an exemplary RF transmitter.

15 FIG. 5A provides a block diagrammatic representation of a base
station receive network configured to enable adaptive sectorization in
.accordance with the invention.

FIG. 5B shows a block diagram of a station receive network in which
is included a particular channel unit implementation.

20 FIG. 5C shows a block diagram of a base station receive network
including an antenna array deployed at a remote location.

FIG. 5D depicts a block diagram of an adaptive beam RAKE receiver
disposed to process a set of frequency-downconverted digitized antenna
beam signals.

25 FIG. 6 shows an implementation of a receive antenna array which
includes antenna elements for receiving both horizontally and vertically
polarized signals. | |

FIG. 7 shows an arrangement of switches included within a switch
matrix for providing exactly one signal path between a given inpur beam

30 signal and each output traffic channel. |

FIG. 8 is a block diagram of an exemplary diversity receiver included
within a base station receive network.

FIG. 9 prov1des a detailed representation of a r1ght/1eft beam

' processor

35 FIG. 10 shows a block diagram representation of a beam tracking
accumulator associated with a first receiver finger of an exemplary diversity
receiver. |

FIG. 11 provides an illustrative representation of a circular antenna
array.
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_descri pt irl?’)ﬁwglr)logggppende"d claims 5 when taken in conjuncti glﬁ W ?#Iotg%e_ _
‘drawi ngs, in which:: FIG 1 shows an exenplary nultiple-access conmunication
system in which are disposed a pluralit¥y of subscriber units and a base
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implementation, the one or more antenna arrays are clustered at the
cell-site base stations of a cellular communication system. In accordance
10 with the invention, séparate sets of beams are provided for receiving both
direct and indirect (i.e., multipath) signal transmissions from the subscriber
"unit associated with individual s_Ystém subscribers. A novel tracking
network allows the direct and multipath signal transmissions from a given
subscriber unit to be separately' tracked in both time and space. As is
15 described below, "time tracking” is effected by adjusting the phase at which
the received signals are correlated with a PN spreading sequence in
accordance with the results of demodulation of the received signals.
Referring to FIG. 2, there is shown a spread spectrum communication
system 20 in accordance with the invention. Within the communication
20 ' system 20 are disposed a plurality of fixed and mobile subscriber units 22,
first and second base stations 24 and 26, and a control station 30. The base
stations 24 and 26 each include an antenna array (not shown) for receiving
signals from the subscriber units 22. In the system 20 each subscriber unit 22
is assigned a unique pseudorandom (PN) code, thereby allowing
25 discrimination between user signals transmitted over a plurality of "traffic
channels” associated with the subscriber units 22. This discrimination is
achieved even though all system traffic channels may be transmitted over a
- single radio frequency channel. - :
As is indicated by FIG. 2, an information signal S transmitted by
30 subscriber unit 22a is incident upon a proximately located first object 34 (e.g.,
a building). The signal S is seen to be directly received by base stations 24
-and 26, while a first multipath component (S,,;) of the signal S is reflected by
~the object 34 to the base station 26. In accordance with the invention, the
signals S and S,; are respectively tracked by the base stations 24 and 26 in
35 both time and space. After demodulation within the base stations 24 and 26,
the demodulated signals S and S,,; are transmitted to the control station 30.
Within the control station 30 the demodulated signals are time-aligned and
combined within a spread spectrum diversity receiver. A preferred
implementation of such a diversity receiver is described in detail below.
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incidence thereof upon the base station 26. These changes may arise from,
for example, motion of the subscriber unit 22a or, from movement of either
10  of object 34. Similar changes in angle of incidence could result from motion
of the base station 26 in embodiments wherein, _fpr example, the base
station 26 is deployed on an orbiting satellite. _ !
Within the base station 26, a diversity receiver is prov1ded which ‘
includes a "finger" dedicated to receiving the dlrectly transmitted signal S
15 and a finger for receiving the multipath 51gnal Smi After ‘demodulation of
the received signals within each finger usmg the PN code associated w1th
the subscriber unit 22a, the demodulated s1gnals are time-aligned and
combined. In this way the signal to noise ratio of ‘an information signal
extracted from the combined signals is 1mproved relatlve to that which
20 would be obtained using the signal received over only a single. transmission
path.

II. Detailed Description
A. Spread Spectrum Signal Transmission
25 Referring to FIG. 3, there is shown a block diagrammatic
representation of a spread spectrum transmitter suitable for incorporation
within the subscriber units 22 (FIGS. 2A-B). In the pf_eferred embodiment a
form of orthogonal signaling such as binary, quaternary, or C-ary signaling
is employed to provide a suitable ratio of signal to noise on the subscriber
30 unit-to-base station link, i.e., on the "reverse" link. In addition, C-ary
orthogonal signaling techniques are believed to be less susceptible to signal
corruption resulting from Rayleigh fading and the like than are, for
example, Costas loop or coherent PSK techniques. It is understood,
however, that other modulation techniques may offer improved signal to
35 noise ratio in, for example, embodiments involving base stations deployed
on orbiting satellites. :
In the transmitter of FIG. 3, data bits 100 c0n51st1ng of, for example,
voice converted to data by a vocoder, are supplied to an encoder 102 where
the bits are convolutional encoded in accordance with the input data rate.
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sequence in (e.g-1/3) of the encoder 102. The encoded data is then provided to
interleaver 104 where it is block interleaved.

Within the 64-ary (i.e., C=64) orthogonal modulator 106 the symbols
10 are grouped into characters containing logyC symbols at a rate

of (1/r)(Rb/logpC) characters/second, with there being C possible characters.

In a preferred embodiment each character is encoded into a Walsh sequence
of length C (e.g., C=64). That is, each Walsh sequence includes 64 binary bits
r "chips", there being a set of 64 Walsh codes of length 64. The

15 64 orthogonal codes correspond to Walsh codes from a 64 by 64 Hadamard
matrix wherein a Walsh code is a single row or column of the matrix.

The Walsh sequence produced by the modulator 106 is seen to be
provided to an exclusive-OR combiner 108, where it is then "covered” or
multiplied at a combiner with a PN code specific to a particular subscriber

20 unit 22. Such a "long" PN code is generated at rate Rc by a PN long code
generator 110 in accordance with a user PN long code mask. In an
exemplary embodiment the long code generator 110 operates at an
exemplary rate of 1.2288 MHz (Rc=1.2288 MHz), so as to produce four PN
chips per Walsh chip.

25 Referring to FIG. 4, there is shown an exemplary implementation of
the RF transmitter 150. In code division multiple access (CDMA) spread
spectrum applications, a pair of short PN sequences, PN; 'and PNq, are
respectively provided by a PN| generator 152 and by a PNg generator 154 to
exclusive-OR combiners 156 and 158. The PNj and PNg sequences relate

30 respectively to in-phase (I) and quadrature phase (Q) communication
channels, and are generally of a length (32,768 chips) much shorter than the
length of each user long PN code. The resulting I-channel code spread
sequence 160 and Q-channel code spread sequence 162 then passed through
baseband filters 164 and 166. The filtered Q-channel sequence may then be

35 optionally delayed by 1/ 2 PN chip in order to compensate for RF amphfler
nonlinearity.

‘array. 5 DETAILED maum laf&dE PREFERRED EMBCDI MENTS | .
| nt r oducwon6/60466 hereinafter, the pr epertisIsireret i on
scontenpl ates adapti vel

Digital to analog (D/A) converters 170 and 172 are provided for
converting the digital I-channel and Q-channel information, respectively,
into analog form. The analog waveforms produced by D/A converters 174
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and 26, thT{Pdear?ﬁp'ﬂf?etr not Jshown), ‘1t s 8{15 ge understood that differing
implementations of the RF transmitter 150 may employ a variety of signal
summing, mixing, filtering and amplification techniques not described ‘
herein, but which are well known to those in the art. Similarly, other
15 known encoding and modulation formats may offer improved performance
in certain alternate embodiments. o

B. Overview of Base Station Receive Network | o
Turning now to FIG. 5A, there is shown a block diagram of a base
20 station receive network 210 configured in accordance with the invention.
In the exemplary embodiments of FIG. 5A and 5B, the base station antenna
array is deployed at the same location as the signal pfocessing portion of the
receive network 210. As is described below with reference to FIG. 5C and 5D,
the antenna array may alternately be deployed at a remote location, with
25 communication to the remainder of the receive network being established
by way of a fiber optic communication link or the like.

" Referring to FIG. S5A, an M-element antenna array (not shown) is
seen to provide signals over a set of M signal lines 212. In the exemplary
embodiment the antenna array comprises a number (M) of omnidirectional

30 antenna elements uniformly arranged about a circular periphery, thereby
enabling the reception of signals incident from any direction. A detailed
description of an exemplary circular array is provided below in section F.

As is shown in FIG. 5A, the signal lines 212 are connected to an IF
downconverter 214 operative to downconvert the signals from the antenna

35 array to a set of IF signals 218. The IF signals 218 are each then sampled
using a separate analog to digital ‘converter, which are collectively
represented by analog to digital (A/D) converter 220. The A/D converter 220

produces, at an exempléry rate approximately equi\:lalen't to four times the
PN spreading rate, a set of M complex-valued digital signals (Ij, Q;), where
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_whérein each welghtmg coefficient g;, comprises a complex-valued number.
As is described below, the weighting coefficients g;, are selected such that
each beam signal B, corresporids to a desired receive antenna pattern
15 produced by the M-element antenna array. The shape and direction of the
antenna beam associated with each signal B, can be changed in an adaptive
manner by dynamically varying the complex values of the weighting
coefficients g;,. In addition, the parameter L may be chosen to enable a
desired degree of overlap between the antenna beams associated with
20 selected sets of the signals B,. :For example, when L is larger than unity the
antenna beams associated with certain combmatxons of the beam signals B,
will necessarily overlap in space. :
Each of the digital beam signals B,, z = 1 to N are prov1ded to a
plurality of channel units, one of which is shown in FIG. 5A. Each channel
25 unit performs the remaining signal processing and detection functions for a
single communications link (e.g., a telephone call) between a mobile
subscriber terminal and the base station. In résponse to beam selection
_ information provided by confro_lle_r 244, a switch matrix. 228 within each
_channel unit selects a subset of the beam signals B, for processing by the
30 channel unit. One or more search receivers 227 is utilized to identify the
strongest signal received from the mobile subscriber unit associated with the
channel unit. That is, the searcher receiver(s) 227 will typically be operative
to measure the strength of the various multipath components arriving at
the base station at different times, after having traveled. correspondingly
35 different distances, subsequent to transmission by the mobile subscriber
unit. In a preferred embodiment, ] sets of one or more beam signals are
~ selected by the switch matrix 228 for processing by a set of J correlation
receivers 230. This selection is based upon the search results provided to
controller 244 by the searcher receiver(s) 227. That is, controller 244
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' associated with each channel unit to be "custom-tailored” as required by
particular applications. -

Referring again to FIG. 5A, the demodulated signals produced by each ‘

_ correlation receiver 230 are provided to a combiner module 235. Within

15 combiner module 235 the demodulated signals are coinbined, and provided
to a deinterleaver and decoder network (not shown). In an exemplary
embodiment the deinterleaved signals are decoded in accordance with a
Viterbi decoding algorithm, and are subsequently provided to a vocoder or
other functional unit. ' -

20 _ Referring now to FIG. 5B, there is shown a block diagram of the base

~ station receive network 210 in which is included a particular channel unit
implementation. The digital beam signals B,, z = 1 to N, are pfoduéed by
beam-forming network 224 in substantially the same manner as described
above with reference to FIG. 5A.

25 The digital beam signals B,, z = 1 to N, are again provided to the switch
matrix 228 of a selected channel unit, which is designed to allocate sets of
the beam signals B, to a set of ] diversity receivers 232a-232j respectively
included within the correlation receivers 230. Each switch matrix 228
comprises a unidirectional circuit designed to connect the N=(L)(M) beam

30 signal inputs to a set of P=J*3K outputs. The P outputs of the switch
matrix 228 are subdivided into a set of ] traffic channels associated with the
diversity receivers 232a-232j, where each of J users are assigned to one of the
] traffic channels (i.e. to one of the ] channel units). In an exemplary
embodiment each of the diversity receivers 232 is operative to process the

35 signals received over a set of K-1 transmission paths from a particular
subscriber, where K denotes the number of receiver "fingers" of each
diversity receiver 232. As is described below, one of the receiver fingers of
each receiver 232 will generally be dedicated to search for the strongest
signal received from a specified subscriber unit. '
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such receiver fingers. In an exemplary embodiment of the present
invention, each traffic chai_mel is serviced by a three-finger RAKE receiver

10 deployéd in the mobile station and by a four-finger RAKE receiver in the
base' station. It is noted that additional “"searcher” PN correlation circuits
will typically be used to identify and measure, but generally not to track in
time and/or phase, certain pilot and control signals exchanged over active
communication channels. _ _ _

15 - The signals propagating over the K-1 transmission paths associated
with each subscriber unit comprise the information carried by the "traffic
channel" assigned to each subscriber unit. In a preferred embodiment at
most 3K of the beam signais B, are assigned to each traffic channel. That is,

- a subset of three adjacent antenna beams are used to receive the multipath

20 signal processed by a giva receiver finger. If two or more multipath signals
assigned to different receiver fingers are prdximately located in space, the
same 3-beam subset méy be assigned to receive each of the two or more
signals. In this case less than 3K beam signals would be assigned to the
traffic channel. o _

25 Referring to FIG. SB the allocation of three beams used to receive
each separately incident signal enables beam tracking networks 240a-240j to

. spatially track each received signal. For example, assume that the jth beam
produced by the base station antenna array has been identified as carrying
the 'strof_lgest_ signal of thé three antenna beams associated with a given

30 receiver finger. Spatial trécking may then be accomplished, as is described

~ in detail below, by computing a spatial tracking '_s_ignal on the basis of the
energy difference in the '"right" and "left" adjacent antenna beams (i.e.,
beams j+1) Each of the resultant K spatial tracking signals from each of the
beam-trackmg networks '240a-240j are carried by an associated tracking

35 bus242a-242j to a controller 244. Each tracking bus 242a-242j is comprised of
a set of K signal lines corresponding to the K fingers of each diversity
receiver 232a-232j. If the tracking signals indicate that the signal received
through the '.'right"' beam j+1 is significantly stronger than the signal

received by way of "left" beam j-1, then controller 244 may improve signal



In a preferred enbodi nent each character is encoded into a Wal sh sequence
of length C (e.g., C=64). That is, each Wil sh sequence includes 64 binary
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received over the right and left beams associated with’each receiver finger.

'For example, again assume that the beams jr i1 producéd' by the base station

antenna array correspond to the three antenna beams associated with a
given receiver finger. A tracking signal, supplied by the associated tracking ‘
bus 242a-242j to controller 244, is computed on the basis of the energy
difference in the demodulated signals obtained from the right and left
beams (i.e., beams j+1). Demodulation timing within the associated
diversity receiver 232a-232j is then adjusted accordingly by the

~ controller 244.

FIG. 5C shows a block diagram of a base station receive network 210’
including an antenna array deployed at a remote location. Referring to
FIG. 5C, an M-element antenna array (not shown) is seen to provide a set of
received signals over M signal lines 212'. In the exemplary embodiment the
antenna array comprises a number (M) of omnidiréctional ‘antenna
elements uniformly arranged about a circular periphery, thereby enabling
the reception of signals incident from any direction. -

In alternate embodiments the M-element antenna array could be
replaced by a rectangular grid of M-omnidirectional antenna elements. The
weighting coefficients associated with each element in the grid could then
be selected to allow the formation of beams in any direction. In the general

~case, arbitrary configurations of antenna elements could be used to form
‘beams in any direction by employing appropriate beam forming circuitry in

conjunction with pre-computed tables of weighting coefficients.

As is shown in FIG. 5C, the signal lines 212’ from the antenna array
are connected to an IF downconverter 214' operative to downconvert the
received signals to a set of IF signals 218'. The IF signals 218' are then
sampled within an analog to digital (A/D) converter 220’ so as to produce a

“set of M complex-valued digital signals (I',Q’;), where' i=1 to M. In the

preferred embodiment the sampling rate of the A/D converter 220' is
selected to be approximately four times the PN spreading rate. Hence, in an



' ength of each user long PN code. The resulting I-channel code spread
sequence_160 and Q channel code spread sequence 162 then passed through
baseband WIS 164 and 166. The filtered Q channel sequdTUEPT9Men be
“35 optionally delayed by 1/2 PN chip in order to.conpensate for RF
anplifier nonlinearity. Digital to anal®y (D/A) converters 170 and 172 are
provi ded for converting the digital 1-channel and Q channel information,
respect i veleyempiary M‘Ub‘m@tnt eT Remplinigo yateaise equivalentoth ded. 228, DrAto

convert ers 41942 MHS. t TRy safxﬁpxm 98te2fithyPbe \HedBided GoSHHETRR ‘ﬁﬁ%hom A& e
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i n- phase ( Modwlaton/emcader 328'0 Ihtheeembodimepb o HIE. 56 theraptertranakray,
bandpass fid}Br egndétteP WRM! rifitiplexer 226' and modulator/encoder 228" are
situated at a site remote from the signal processing elements of the receive
network 210'. Information from the remote location is provided over a
10 communication link 229' (e.g., an optical fiber) to a demodulator/decoder
network 230" located at a central processing location or base station. The
modulator/encoder 228' operates to modulate and encode the information
from the remote location so as to ensure reliable transmission over the
communication link 229". It will be appreciated that the specific modulation
15 and encoding format employed will be dependent upon the characteristics
of the communication link 229'. It will further be appreciated that this
modulation and encoding is performed solely to enhance the integrity of
data transmission from the remote site. Accordingly, the optional inclusion
of circuit elements 226-231' is indicated by deplctxng these elements in
20 phantom in FIG. 5C.
The demodulated and decoded signal produced by the
- demodulator/decoder 230" is then distributed by demultiplexer 231’ to a set
of ] beam-forming networks 224a’-224j". Each beam-forming network 224a'-
224j' generates, as described above, a set of Q beam signals for processing by a
25 corresponding diversity receiver 232a'-232j". ‘ The parameter Q is equivalent
to the product of: :
(i) the number of "fmgers of each dlversxty receiver 232a'-232j', and
(ii) the number of beams assigned to each finger.
In the preferred embodiment a subset of three adjacent antenna beams are
30 used to receive the multipath signal processed by a given receiver finger. If
two or more multipath signals assigned to" different receiver fingers are
proximately located in space, the same 3-beam subset may be assigned to
receive each of the two or more signals. In this case less than Q/3 beam
signals would be assigned to the traffic channel. This allocation of beams
35 enables the beam tracking networks 240a'-240j' to accomplish tracking, in
both time and space, of each received beam signal. This tracking is carried
out substantially as described above, with the exception that controller 244'
provides beam selection information separately to each beam-forming
- network 224a'-224j'.- '
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within ea channel 4nft se ects a subset of the M received array signals for

processing by the channel unit. One or more search receiver(s) 227" are
utilized to identify the strongest signal received from the mobile subscriber

unit associated with the channel unit. That is, the searcher receiver(s) 227 ‘

will typically be operative to measure the strength of the various multipath

15 components arfiving at the base station at different times, after having
traveled correspondingly different distances, subsequent to transmission by
the mobile subscriber unit. In a preferred embodiment, J sets of one or more
array signals are selected by the switch matrix 233’ within each channel unit
for processing by a set of ] correlation receivers 230' within the channel unit.

20 This selection is based upon the search results provided to controller 244' by
the searcher receiver(s) 227'. That is, controller 244' determines which of
the M signals produced by the antenna array are to be provided to each
ccorrelation receiver 230', and which of the multipath signal components
from each mobile subscriber unit are to be processed. :

25 The digitized signals from the antenna array selected by the switch
matrix 233' of each channel unit are supplle_d to a beam-forming
network 224' within the channel unit. The beam-forming network is

~ operative to produce one or more digital beam signals for processing by each
 correlation receiver 230’ by linearly combining the selected array signals

30 with a set of weighting coefficients chosen to maximize signal-to-noise ratio
of the strongest received multipath component processed by the
receiver 230'. . This will typically result in selection of the weighting
coefficients to maximize beam gain in the direction of the strongest received
multipath signal component, as determined by searcher receiver(s) 227'.

35 More than a single beam may be provided to each correlation receiver 230,
since the one or more multipath signal components processed by each
receiver 230' will typically arrive at the base station from different
directions. The shape and direction of the antenna beam associated with
each beam signal can be changed in an adaptive manner by controller 244'



» description of an exenplary circular array is provided below in section F.

As is sh ' |G 5A, the signal lines 212 are connecte C&ﬁ
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“array to a set of IF signals 218. The IF.signals 218 are each then sanpl ed
using a separate analog to digital convy?ter, whi ch are coll ectively
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si gnal s Bz pesfdrmet:dor a sihgld cbhmuniratiomselink between a mébile Jsubscriber
terminal and the base station. The demodulated signals produced by each
correlation receiver 230' are provided to a combiner module 235'. Within
10 combiner module 235' the demodulated signals are combined, and provided
to a deinterleaver and decoder network (not shown). In an exemplary
embodiment the deinterleaved signals are decoded in accordance with a
Viterbi decoding algorithm, and are subsequently provided to a vocoder or
other functional unit. A pfi’ncipél advantage afforded by the embodiment
15 of FIG. 5D is that relativély. few beam signals need to be processed by the
switch matrix. Although perhaps requiring that additional beam-forming
elements be provided, this may nonetheless result in the most cost-effective
‘circuit implementation. |
In FIGS. 5A-5D, the width of the antenna beams assigned to a
20 particular traffic channel will be dependent upon the distance between the
" associated subscriber unit and the base station. It is anticipated that beams of
wider width will typically be assigned to subscriber units relatively close to
the base station, while beams of narrower width will be allocated to more
distant subscriber units. o

C. Beam-Forming Network _ _
Referring to FIG. 6, the receive antenna array is alternately realized so
as to include antenna elements for receiving both hdr_izontally and
vertically polarized signals '_(Ii,Qi)h and (I;,Q;)y. In such an_-e_mbodiment
30 separate beam-forming networks 224a and 224b are utilized to provide
separate sets of beam-forming signals Bz;h and B,,, corresponding to
horizontally' and vertically polarized beam patterns, respectively. The
signals B, and B,, are respectively generated by the beam forming
35 networks 224a and 224b in accordance with the expressions: = |

M .
Bz,¢-=2(1i+'jQ,-)v8;z ' - ()

i=1 :

M .
Bé.v = Z(L + jQi) vg,-z _ .. ) (3)

i=]
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In the followmg descnptlon of the sthch matnx 228 (FIG. 5A), it is
assumed that the antenna beams assoc1ated W1th successwe beam signals B;
and B,,; are spatlally adjacent. In the general case (L>1), each pair of
ad]acent beams (i.e., B; and B;,1) will overlap in space Referring to FIG. 5A,
the J traffic channels supported by the P=J*3K outputs of switch matrix 228
may be identified using the notation Tjkm In partlcular, the first subscnpt s
may assume the values 0, 1,..., J-1, and specifies one of the ] traffic channels.
The second subscript, k, identifies a particular transmlssmn path (i.e., finger)
of the traffic channel and assumes the value 0, 1,..., K-1. The third subscript,
m, where m=0, 1 or 2 identifies one of the three ad]acent antenna beams
assigned to a partlcular traffic channel finger.

In an exemplary embodiment the input beam signals B; are assigned
to the switch matrix traffic channel outputs T;, km in accordance with the
following:

1) For every traffic channel T; each of -'th.e 3K outputs associated

" therewith are linked to a different input beam B,. In addition, the set of
"“input beam signals B; connected to a given traffic channel will generally be

compnsed of K groups, each group including a set of three spatially adjacent
beams. For example, if K=3, (i.e., 3 channel fingers), then a set of beams B, ;,
By, Bis1, By, By B, Bk,'l, By, and By, are connected to the traffic channel in
question.

2) Each mput beam 31gnal B; may be connected to one or more traffic
channels. However, if a beam signal B; is supplied to a given traffic channel

. it is provided to one and only one switch matrix- output assigned to that

channel.

3) The connections between the input beam. signals B; and the traffic
channel outputs Ty, may be described by a matrix having M rows

i ved



thannel unit. That i Srhlstsb&trsaaaxbmheplaqeécer ver(s) 227 will typically be

oper at i vewp@eiBagUr € t the ' FROEIGRY6
arriving at the base s erent | THSSHERT BAS BEENNY travel ed
correspondingly 35 : di |s ances,, .subseqEREACED:  anshi ssion by the
nobi | e subscriber unit. In a preferred odiment, J sets of one or nore

beam si gnal g, %%&%1ﬁgt&d-tﬂég%&‘iﬁ"&éﬁ£'lls MBIV, 228 Ty %"ﬁﬁ%ﬁ%‘i”.i*’slé‘ set

of J correlatr recefvers Vion’i% basé upon
resul ts pr cadldevhst corresporalingr to e lswltdhemctraffm ehannelr oulpwad’. THéat

be pr ovi ded 1y &5 dhe %’f?’é’q‘g?.‘p‘gﬁ’?@é‘}f@é‘f 8 S bR AL oM 1P 1O
si gnal contbedmputheam signal Fabils so hepenrmestad toithe specifiedyzafficochannell. The

control |l r &ﬁgauw al, S'Phé’@ﬁfx? iS rhﬁ’d@@b Bat"0t Kesut ﬂbbhﬂ&tfd?ﬁ&ééé%@ﬂéﬁs’é"" thin
the beam 5, f rmr’r et wor k whi ch alé]rs t.he_shape and/or direction of

t he beam pa‘?‘%‘e‘r"’me karEVt‘r‘q{g‘qCPBH'r matrixefon egﬁ%ﬁ%of diRe input beam signaleam
pattern w | (M£9pifeat kaffie channeld (Foi)aantdorefingernper tRaffig ehanhel (fktuls)es

a gﬁgf ons & BN EBWALS TABEE 1o INGES ek OPRBLECP B58RHES A b &m rE?gnalg uni t
By, By, and Bj are to be connected to traffic channel "0" (i.e., By to Tg g4, B, to
10 Tg,.2 and B; to T ), beam signals Bj, By, and Bs are to be connected to
| traffic channel "1" (i.e., B to Ty g9, B4 to Ty g1, and Bs to T; ), beam signals
B, Bg, and By are to connected to traffic channel "2" (i.e., By to T, g, Bg to
Ty,02- and By to T 5 o), and beam signals Bs, B, and By are to be connected to
15 traffic channel "3" (i.e., Bs to T3, B¢ to T3, and By to T 4).

TABLEI

_ 1To00 Too1 Too2 T100 Ti01 T102 Tooo Taog Taoz. Ts,o,o T;,og Ts,o,z
Bg| O 0 0 0 0 0 1 0 0 0 0 0
Byl O 1 0 0o -0 0 c 0 0 o 0 0
B} O 0 1 0 0 1 0 0 0 0 0 0
Bs| 1 0 0 1 0 0 0 0 0 0 0 0
Byl 0 O 0 0 1 0 0 0 .0 0 0 O
Bs| O 0 0 0 0 1 0. 0 0 0 0 1
B¢l O 0 0 0 0 0 0 0 0 1 0 0
B, O 0 0 0 0 0 0 1 0 0 1 0
Bg| O 0 0 0 0 0 0 0 1 0 0 0

In a preferred implementation of the switch n_iatrix 228, each beam
signal is capable of being connected to each and every of the traffic channel
20 outputs Tjy ,. Referring to FIG. 7, there is shown a t;ée-like'arrangement of
switches 250 designed to provide exactly one signal path between the beam
signal B; and each traffic channel. Each switch 250 will preferably be
comprised of a one-input, two-output binary switch capable of being toggled
between four states (e.g., states S0-53). In state SO the switch input is isolated
25 from both outputs, in state S1 the input is connected only to the first output,
in state S2 the input is connected only to the second output and in state S3

the input is connected to both outputs. '
As noted above, each input beam signal is to be connected to at most
one of the 3K lines associated with each traffic channel. Accordingly, the
30 tree-like switch. arrangement of FIG. 7 allows the beam signal B; to be
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20, I 9! aychepm s 8Le Akt o ehe ki) eS80l BBV G, 11,
sets of timdémtood tkg;ataﬂe {lmerslty veceivers 282bJ23%j wnagpitleyimplemereted in3Ra- 232j
[Tgtsfe‘ib Zﬁlﬁ’st&ﬁ&%ﬂ?%ﬂeﬁh&ﬂ' Pharider Ot ‘ih@%&?eﬁ@&%xh%ﬁn%@gt thié itk t €N
matrix 228 serves to provide the receiver 232a with a set of 3K beam signals
associated with a particular traffic channel. The three beam signals
associated with the K transmission paths of the recelved traffic channel are - ‘
each processed by one of K receiver fingers, with_ the first and Kth such
15 fingers within the receiver 232a being respectlvely identified using the
reference numerals 300 and 300'. Although only the first receiver fmger 300
is shown in detail in FIG. 8, each of the remaining K?l receiver fingers are
assumed to be substantially identical thereto. ' |
As is indicated by FIG. 8, switch matnx 228 prowdes I and Q
20 components of Right (Ry;, Rjq), Left (L, Lyg) and Center (Cy;, C;q) beam
signals to the first receiver finger 300. The switch matrix 228 also provides I
and Q components of Right, Left and Punctual beam signals to the
remaining K-1 receiver fingers, as is exemplified by the Right (Rk;, Rkq),
Left (Lg;, Lgq) and Center (Ck;, Cxg) beam sxgnals supplied to the Kth
25 receiver finger 300'.
Referring to FIG. 8, the Center (Cn, Cyq) beam s1gna1s are provided to
an offset OQPSK demodulator 304 along with locally—generated replicas
(PNy' and PNg') of the sequences PNy and PNg.  The resultant I and Q
channel decorrelated outputs from demodulator 304 are accumulated
30 within I-channel and Q-channel buffer accumulators 306 and 308, which
| each accumulate symbol data over an interval equxvalent to four PN chips
in duration. The outputs of the_ accumulators 306 and 308 are latched by a
Fast Hadamard Transform (FHT) processor 310 at ",che conclusion of each
| accumulation interval.
35 - As noted above, in 64—ary Walsh s1gnalmg the transmltted symbols
are encoded into one of 64 different binary sequences known as Walsh
functions. In an exemplary implementation the signals from each
subscriber unit 12 are modulated by the same set of 64 orthogonal Walsh
code sequences of length 64. It is well known that the Fast Hadamard
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as the 64 parallel Q-channel outputs, produced by the FHT processor of each
10 receiver finger during each processing slot. In the exemplary
implementation, the I and Q channel outputs produced by the FHT
processor within a given finger are weighted within the diversity
~combiner 312 in proportion to an average signal energy received over the
transmission path associated with the finger. In such an implementation
15 the signal power produced by the FHT processor of each finger will typically
be monitored over successive intervals, each of which span several received
symbol periods (e.g., a processing slot of six symbol periods). The relative
weight assigned to each finger by the diversity combiner 312 may then be
adjusted at the conclusion of each monitored interval.
20 Based on the weighted I and Q channel outputs produced by the FHT
processors of each receiver finger, the diversity combiner 312 provides a
parallel set of 64 Walsh energy signals to a maximum detector block 316.
The maximum detector block 316 identifies which of the 64 Walsh
sequences produced by the diversity combiner 312 is of the largest energy,
25 1ie., is of the energy E,.,. The magnitude of the energy E_,, may be
provided to controller 244 within which it may be employed during the next
- processing slot for power control and lock detection functions. The
maximum detector block 312 also produces a Walsh index I,,,, where
Imax € {1,2, ..., 64}, corresponding to the selected Walsh sequence of energy
30 E_,.. Asis described below with reference to FIG. 9, the Walsh index I,,,,
specifies which one of the 64 Walsh sequences will be used within a
right/left beam processor 320 to demodulate the Right and Left Beam signals
- Ry Ry, Ly and Ly '
FIG. 9 provides a more detailed representation of the right/left beam
35 processor 320. ‘As shown in FIG. 9, the beam processor 320 includes
I-channel multipliers 340 and 342, and also includes Q;channel
multipliers 344 and 346. The I-channel multipliers 342 and 344 are supplied
with I-channel samples of the right (R;;) and left (L,;) beam signals via delay
elements 352 and 354. Similarly, the Q-channel multipliers 344 and 346 are
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nght (Ry;) and left (Ly;) beam signals, and also with the Q-channel samples
of the right (R;q) and left (Lyq) beam signals. The resultant demodulated
outputs of multipliers 340 and 342 are then respectively provided to ‘
I-channel saturating accumulators 370 and 372, and the demodulated
15 outputs of multipliers 344 and 346 are respectiVely;-provided to Q-channel
saturating accumulators 374 and 376. Saturatingi-accumulators 370, 372, 374
and 376 accumulate the input information over a period spanning "q"
Walsh chips. In a preferred implementation each accumulation is
performed over 64 Walsh chips (q=64), i.e., over a Walsh symbol period.
20 The g-bit I-channel accumulator outputs are pi'oyided to I-channel squaring
circuits 380 and 382, and the g-bit Q-channel accumulator outputs are
provided to Q-channel squaring circuits 384 and 386.
An estimate of the energy of the i'ight beam is obtained by combining
the I and Q channel outputs of the squaring circuits 380 and 384 within a
25 summer 392. Similarly, the late beam energy is estimated by combining the I
and Q channel outputs of the squaring circuits 382 and 386 within a
summer 394. A beam error signal is then produced by digital difference
circuit 396 based on the difference between nght and left beam energies
produced by summers 394 and 392, respectively. The sign and magnitude of
30 the beam error signal are dependent upon the results of the right and left
beam Walsh demodulations respectively performed by the pairs of
- multipliers 342, 346 and 340, 344. For example, if the sampling phase of the
A/D converter (FIG. 5A) is set such that the magnitude of the late beam
Walsh demodulation exceeds the magnitude of the right beam Walsh
35 demodulation, then the beam error signal will be positive. Similarly, when
the magnitude of the right beam Walsh demodulation exceeds the

magnitude of the late beam Walsh demodulation, then the beam error
signal will be negative. / -
eet Has Been Reilaced

\\ll\l\\ [T



*each separately |nC| de t eI ?J es beamtrack| ng networ ks 240a-240] to
spati al | wolds@ 6eac assune pihaisoé/iR7é er I |
beam produced by t he nt enn erH{S"‘gHE'@ﬁgR % agntified as

carrying the st ronges ant gap; Eﬁ’s dociated with a
given 30 receiver: finger. Spatlal trac nplished, as is

basis of the endfg)! '594‘*?‘3 el SRUL28 By iy Bludh, rb{dft Pherr Rk, 10
beans (i .eadjussmeant|ef the setaeh bgan'tshgsslggg t tntthg given éllrlgter-acl&Sngvaﬂ gnal s

from each o fre\t'lbﬁsgeﬁﬁl'éd %Elmw&m&iséz%% €d snseate' a%@emsf
associ ated™t,r acki 2424< to a co c

|ng bus
242a-242] AdIAC (818 e Buan Bgiytougeaq F&Cgl‘f%r E&#&OF
fingers 50f wdde lﬂhéi invadriidny thetbeamafraalaa ﬁe’ﬁ&torklmot Q@ct BAY Iasmclsﬂeanﬁhth

dth
Sl gni i ﬁa?]?f‘tyaif??%lﬁag&weﬁﬁeﬁfte#%ggveén%?f doroiides, sl Ay el pistale i o
t hen cont r abhboller 244on thepbasis ofithe dracking 3igrede peceived fromssachcfingey t he
SWi tch mat g, wth%ZPeée]waJ 583, tﬂ% E%n%&q@@ﬁé@s RrltPSidE 944 InbPepdli¥aitaifce! ver

finger fromj, iz
instruct switch matnx 8 to Shlft the beaming direction of a given finger by

10 one beam width. For example, if a given finger had previously been -
allocated beams B, ;, B;, and B,,;, it may be switched to beams By, B,y and
B;,p in responsé to generation of a specific beam switching signal. In this
way each receiver finger is made to-spatially track the incident multlpath
_sxgnal to which it has been assigned.

15 - Referring again to FIG. 8, the beam tracking network 240a includes a
set of beam tracking accumulators 240a,, i=1 to K, associated with each of the

K receiver fingers of the diversity receiver 232a. Each beam tracking

- accumulator 240a; processes the beam error signal produced by the right/left
beam processor within the receiver finger associated therewith. As is

20 described below with reference to FIG. 11, under certain conditions the beam
error signal produced within a particular finger of receiver 232a will be used
to increment/decrement an accumulation register within the corresponding
beam tracking accumulator 240a;. When the accumulation register
overflows/underflows, a beam switching signal is provided to

25 controller 244, and the set of beams allocated to the receiver finger by switch
matrix 228 is adjusted accordingly.

Turning now to FIG. 10, there is shown a block diagram
representation of the beam tracking accumulator 240a; associated with the
first receiver finger 300 (FIG. 8) of diversity receiver 232a. The beam tracking

30 accumulator 240a, includes an input register 402 to which is provided the
Walsh symbol hypothesis index I, generated by maximum detector
block 316, and the beam error signél frdm_the right/left beam processor 320. -
These values are stored within register 402 until the diversity combiner 312
‘has made a final "hard decision”, based on the Walsh symbol hypotheses

35 produced by each receiver finger, as to the actual index (I,,,) of the received
Walsh symbol. Upon the index I,,," becoming available from diversity
combiner 312, an index available line I,, enables the stored value of I, to
be provided to a digital comparator 406, and the stored beam error signal to
be received by a buffer register 408.
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F. Circular Antenna Array | ‘
Referring to FIG. 11, there is prov1ded an illustrative representatlon
15 of a circular antenna array 500. The circular array is assumed to be of radius
R, and includes 2N’ umformly-spaced antenna elements Ej, i=1 to 2N, at the

following coordinate locations:

(xi,y)= (Rcosm( )), (n:(—))), 1,...2N (4)
20
The circular _a_rray_ 500 may be characterized by a gain pattern G(6-g;), where 6

specifies the direction of arrival of the incident electromagnetic signal S, and
where g, is indicative of the position the antenna element E;. As is evident
from FIG. 11, the signal S will arrive at dlfferent times at each of the

25 antenna elements E;. The time delay 7; between arrival of the incident
signal S at the center C of the array 500 and the arrival at the element E; may
be expressed as: |

R 2R - f2i-1Y.
T,-=-;-COS(9— ¢') -)lai=27[fc ‘[i=TCOS(9— ¢’.),¢’.= ﬂ(_Z—I\T)’l= 1,....2N (5)

In addition, the received signal energy Xi(t) generated by' the element E;
upon receipt of the incident signal S is given by:

X',.(t)'=' S(t— 1,',.) G,.(e-- ¢‘) exp( jQrn f g ai)) ' | (6)

where f_ is the center frequency of the incident signal S, and where o;
represents: the phase shift due.to spatial separation between antenna
elements E and E;, ;. Assuming each delay t; to be much shorter than the
PN chip period, the quantity S(t-t; ) remains relatively constant over the
40 range 1<i < 2N. In the preferred embodiment the antenna radius R will be
less than approximately 30 meters, and hence each delay 7; will be on the

30

35
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conpl ex-val ued di gi t ¥(1)si an(tIWL where i=1 to M In the prefer(®d
enbodi ment the sanpling rage of the A/D converter 220" is selected to be

he P din Hence, in an '
appr oxi Bat %,l}-?énfe OvlsJ/r dtelng'taess t eeweli\lghtp gs%?glltec? to the signal energy %i(t) from the

array element E;. Within an array beam processing network (not shown),
the signals X;(t) are weighted so as to maximize the signal to noise ratio
(S/N) of the energy received by the array. The signal to noise ratio S/N is
proportional to Y(t)/I¢(t), where the parameter I1(t) is representative of the

15 total interference power received by all the elements E; within the array.
The parameter I7(t) is defined as:

2N-1: . _ _
Ir(t)= Z[I{(t)"'No]Wi _ ©
i=0

20 in which Ii(t) corresponds to the interference power received at the ith array
element E;. A weighting operation designed to maximize the S/N ratio of
received signal energy may be performed in accordance with well known

| array design techniques such as are described by, for example, Pillai, S.
Unnikrishna, in An_gyigllal__m_cgaﬂu pp 16-17; Sprmger-Verlag, New

25 York, N.Y. (1989).

The previous descnphon of the preferred embodiments is provxded
to enable any person skilled in the art to make or use the present invention.
The various modifications to these embodiments will be readily apparent to
those skllled in the art, and the generic pnnc1ples defined herein may be

30 applied to other embodiments w1thout the use of inventive faculty. Thus,
the present invention is not intended to be limited to the embodiments
shown herein but is to be accorded the widest scope consistent with the
principles and novel features disclosed herein.

35 WHATIS CLAIMEDIS:



13 exenplary enbodi ment the sanpling rate is equivalent to 4x1.228, or to
4.912 I\/I—%og‘g%?ﬁ%arrpl ing rate may be reduced to th_g Ny qui SE, %gﬂygr{an
'l ter A7 er

i nt er pol at'1'ng is utilized in conjune = Fre—A¢
220'. The digitat—sigmats{err] i=1 to M jamsiSopttEmahs BEENNyerted by 5
are BEPLAUBR to jla

nul ti pl exer 226' ' am &A4d

nodul at or/ encode;ﬂﬂ*ﬂﬂ“ﬂm!mg@mﬁdg&mm 5 nna array, A/D
converter 220', Cl » ano-'f tor/ encoder 228' are situated at
a site renote fromthe signal  processing el enents of the receive network

210" . Information fr e i ; v a 10. .
conmuni cati on Iilj'n'k Zgga %l gfg%gﬁn(k)%? i?%la%é%eﬁ %&glgqﬂg%f% S_Wé%oder
net wor k2 23re qopemuaicated ameng aplupmlity f usess,|setdsystamocompsising:at i on. The

modul at or / encodgear? for gp@ﬁfaiﬁ% attqeam%sekﬁﬁgﬁoﬁacﬂ@&rhﬂfagggﬁ[@%ﬁw“ from

the renpte. |l ocatjon so as to e sfure_ reliable tran'snisssmn ) )
communi £ atiPEFereiying semponents| of said RifpEmationsigRals tragsayited hy: said
modul at i orusk®s; and encodi ng format enpl oyed will be dependent upon the
charactgristics_of the ¢ ni cati,onpn Link 229'. 1t will further be,
appr eci at ed t hat* ¢t Eoﬁwﬁﬁgﬁﬂ%ﬁalgnﬁrsé r?é%‘iﬂq{ﬁaggftb%y%‘f“n@dr%}vé ?/E%{rét
enhance t hf said dgformatidn digral tcomporiesds transmittet Fovereafirst rhhemission
Accor di gigl t i LNGT dilSie Gi et 3 i ' =231, ]
i catoq Ha e aBtio, SAfrald 6 i 18cved dighal, sEIPHRSE infofthatioh'sighil
component comprising at least a portion of a"first information signal
10 transmitted by a first of said users; ' -

means for generating a first beam signal from said first received ‘
12 signal; E
a first beam tracking network for generating a first beam tracking
14 signal by demodulating said first beam signal; and =
' ‘beam switching means for allocating, bésed on said first beam
16 tracking signal, said second electromagnetic beam to receive said first signal
component and thereby produce a second received signal.

2. The system of claim 1 further including means for generating a

2 second beam signal from a second received signal, said means for generating

said first and second beam signals includes means for sampling said first

4 and second received signals in order to generate first and second sampled
received signals. | | o

3. The syst_erh of claim 2 wherein said mééns for demodulating
2 includes means for adjusting timing at least of said first sampled received
signal in accordance with said first beam tracking signal. .

4, The system of claim 1 wherein said beam tracking network

2 includes means for spatially tracking said first 'component of said

information signal, said means for spatially tracking including an

4 accumulator for generating a cumulative error si_gnal'by accumulating said
beam tracking signal.

T



20 phanton1in FI }l-ated and decoded si gnal produced by the
denodul at r 230" is then dlstrlbuted by demul tiple

gfmjllbggg}erg[rensng neﬂmn l{mnﬂmﬁa a'sEaCh @"%%1’551' 818-ENof| processi ng

by a 2;5 tco'[retslc])ondl (r)\g d![ve][5| ty recei ve% ﬁ_ ?SZIEPLA par af h-tgr Qi st
equi val en o] r 0 | ver Si
rgcel ver 23&;’; 2 ijp dfiﬁi}:ﬁt?’? ?%Sfaﬁﬁgge"?’rgtﬁe;aé&hiz mﬁoetdi{%wgms*lﬁ gery
In the prf ednd rseooin ctrorpagnetic beamisrisediapp wiithintabase bation off e 30
used to recehyp #Eél‘f‘alrﬂﬁrﬁhﬂﬁﬁ&tfds& Qgéteﬁ{ %f??‘? gﬂgar%y gf’: egfd(ﬁgg{éegﬂivﬁfstfa'n@ger

If two or nore assi gn ver fingers are
proxi mat & y seeend Gamﬁ%\ﬁ ngtan apternasneieiksubset nay be assigned to
recei ve each of the two or rmre signals. In this case less than Q 3 beam

signal s woul d be assigped tqg the, traffic.channel his allocation qf, beans
550 ahabl o8 & he oo L RYSTET O AES 1oHEARD REIuARE Feeashefrsra e g

i n both t2 mehirddand foarthoéleeromageticvieshme dor se@iving d1sesond dnforntatich

carried out SUbslt(fo |§%IX § Idg d B tggg%gsS %ﬁﬂg%% g?ptl% t%htgli

cont il or S Rbpaner', B0et EorechRE RRTisich Phth I8, 8 16 By dfing

beam f or 4 nglmbiftmrtlh pacrived sighals, said second information signal component
comprising a second portion of said first information signal.

7. The system of claim 6 further including:

2 means for generating third and fourth beam signals from said third
and fourth received signals;

4 means for demodulating said third and fourth beam signals in order
to provide third and fourth estimates of said information signal; and

6 a second tracking network for generating a second tracking signal

based on said third and fourth estimates of said information signal.

8. The system of claim 2 further including:
2 means for demodulating said second beam signal;
means for generating a set of symbol estimation signals by correlating
4 said first beam signal with a corresponding set of information symbol
. sequences, - '
6 means for selecting one of said information symbol sequences by
comparing said symbol estimation signals.

9. - The system of claim 8 wherein said means for demodulating
2 said first and second beam signals includes means for correlating said
selected one of said information symbol sequences with said second beam

4 signal. '

10. - A digital communication system in which information signals
2 are communicated among a plurality of users, said system comprising:

means for providing a set of electromagnetic beams for receiving
4 multipath signal components of a plurality of information signals

transmitted by a corresponding plurality of users so as to generate a set of
6 received signals; ——
cet Has Been Re laced
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14 Referring now o FIrG—5b—there—+s shown a bl ock di agram of an adaptive
beam RAKE recelv to procg

frequendy? aﬂgﬂ‘f%nv om m!ﬂm ﬁ tfr 05079785 e
output by the AADc 1.

'*signals are 5
- distributed to a set -of J channel unnti- shown in FIG 5D.
Each channel unit perforns the renalnln

|gnaI  0 g and detection
functions for aneimyfer GSRAIAIRGE 68t ofj meS@nalsabﬁéﬂ!‘trﬂmﬁeld:eﬂet yofbet ween
a nobi lg sg@_qeédlg dlgrm nal and the base station.. In response to beam

sel ection |nforma r ovi ntroller 244',. a swtch nmatrix 233" 10
within each chémgh E’E‘eaﬂ-ﬁ @&aﬁiﬁn&aﬁ&s&bs&& phgaid) beama;sighals among agnal s

for priregdurglityyof traffic @hanhelsnieach @fesadd traffic cearmels beireg ussdcidted27' are
utilized Witl'x% tdffs&d g@*féﬁﬁ?ﬁﬁ?ﬁ s’sh gal received fromthe nobile

subscri ber un| assocl annel ‘unit. That is, the searcher
recei V& (s) 22Teceiver meaps far lrgcqy@rmgea £irst/ of seldmfgunetxonesxgmale fgem of the

various myl mﬁash saf GBI r@mbéaﬁrs f‘ a?’lbc%ﬂﬁ B&SE firb@ b Rk tergbeff e ent

ti nmes, aftﬁ trav rre |fferent di st ances,
subseqlﬁ’entc apne Féﬁ%‘?ﬁlétg dﬁlt >a rst of said users.

11. The communication system of clax_m 10 wherein said first
2 receiver means includes first and second receiver fingers for processing first
and second multipath signal components of said first information signal.

12.  The communication system of claim 11 wherein said switching
2 means includes means for assigning a first of said subsets of beam signals to
said first receiver finger and a second of said subsets of beam signals to said

4 second receiver finger. '

13. The communication system of claim 10 wherein said first
2 receiver finger includes: '
means a first demodulator for demodulating sa1d beam signals
4 mcluded in said first set of beam signals in order to provide a corresponding
first set of estimates of said first information signal; and
6 a first tracking network for generating a first tracking signal based on
said first set of estimates of said information signal.

14. The system of claim 13 wherein said first demodulator
2. includes means for decorrelating said beam signals included within said
first set of beam signals using a spread spectrum sequence.

15.  The system of claim 10 wherein means for generating a set of
2 beam signals includes:
means for sampling said set of received 51gnals in order to generate
4 quantized signals; :
' “means for weighting said quantized signals; and
6 means for summing ones of said weighted quantized signals.

" This Sheet Has Been R.
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the nobil e subscriber unit7"Th a preferred enbodi nent, J sets of one or

nmore arr | S af e SW t clFerF 233 Rt Gk h
channel ﬁ?ﬁé’%gé praclmﬂm‘imﬂlmgfmrof J corl BHRSUEET HAS BRENS 1202%'}6 wi t hin
‘the channel unit. 20 = 1tH s tsekection i s _based| upon REREASERr ch risul ts
provided to controller 244" by the sear @fer recel VEer(s) 227 . That is,

control | er 244’ et ery nes which of t si gnal. raduced by .th nt enna
array are to be ]%r ovi gHuSYHeRLR _C%Hprﬂf&meaﬁ&r%adéi'@&?v%&“? AFWHICH of
t he nul t2 patlhralityrefl receiverm empletirtorsaid switabling eneariss eadtbof saidi teceivers o be

processed. . . qdi gL | S of : rdadd cted
by the sw tlé- ur%?giax r%gvéyoghé%% cﬁié(%!r%e 1§l§nﬁsl?@1grrf %sls{lg%ﬁg%g o’?osraga 5REhE
beam f or4ri rsigma@swor k. 224' within the channel unit. The beamform ng network
S (r)]perative to produce one or nore digital beam signals for processing by
each correlation yecejver . 230". by linearly conbining t.he selected arra
signal s 30 vm'-tt'V; seé %‘S‘R@icﬁmmﬁﬁlm? temy n iy r}n?q;mq%sk@als g

si gnal - t®- neesemaiuricatedtvia it leasigené base statich amdng at pluralityoof nisers,
processed by.the receiver?230'. This wll typically result in selection of
the wei ght iSR! SEEEM CORWE™ME naxinize beamgain in the direction of the
stronges4 recei vand anrayi phtantennaatlemerdsndacateds aticsaddnbasel stgtienarfoner

corrol ot | orPRaidingd SR Set, BF RGO RBRRNE URATRY (OF rBEAVIE nthaRaton

i X SI'Ne C nmore nu gpa
conponenés q;g@@l@stgwmyt@bﬁ said plurality of users so as to generate a first set of

received signals; _
8 a first beam_-fbrming matrix, coupled to said array of antenna
elements, for producing a first set of beam signals based on samples of said -
10 set of received signals, said beam-forming matrix including means for
weighting and combining selected ones of said received signal samples;
12 'switching means for allocating subsets of said beam signals among a
plurality of traffic channels wherein each of said traffic channels is
14 associated with one of said plurality of users; and _
a set of receivers coupled to said switching means, each of said
16 receivers including means for extracting an information signal from the
subset of beam signals allocated to one of said traffic channels. -

18.  The system of claim 17 further including:
2 a remote array of antenna elements, displaced from said base station
and operatively connected to said beam matrix, for providing a second set of
4 'elec'tromagnetic beams for receiving information signals transmitted by said
plurality of users so as to geherate_ a second set of received signals
6 a second beam-forming matrix, coupled to said remote array of
antenna elements, for producing a second set of beam signals based on
8 samples of said set of received signals, said second beam-forming matrix
including means for weighting and combining selected ones of said samples
10 of said signals included within said second set of received signals, said
beam-forming matrix being operatively connected to a switch matrix
12 included within said switching means.

" This Sheet Has Been Re;
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receiver 230" will typically arrive at the base station fromdifferent
directions. The shape and direction of_the antenna beam associ ated wit h

st [ 11T h@g% T oo oo

ting coefficient.
The beans sel ected By &thér thannel u LAL L njfFI G 5D) can _
| i kewi se be d| rect ed so as to maxifmize the SNR of the si gnal s processed by

those units. A fetkod i fog aganmmmaﬁhgu 11&&‘mhh©ncefg”rﬂll§ltalrﬁ@n ecei ver

230" tic n n
funct i ) %2%?@5‘%?35%@3?'%@?% ST b O s s Bl ™
subscri beaommmgatheasmep&nﬁe base stati on The denpdul at ed signal s produced
by each correl 235’
by each cort elgiol nggﬁet el s"e%Qndaélgcet?%ﬁ\éthSfeic ﬁo@a&xs%meah St

sit.gnal s are C i ned, and

provi ded lf‘gpré“%lfé?ﬂtﬂgpég\%mﬁﬂﬂe’d\'eéﬁ’&éra irstotiansREesIgRoRAth 90, agnto

exenpl @r yreawpa@ fiesy ahHesét@riaI @éd:éi&dd%l@hﬁl%ﬁ'sﬁldirﬁ?rs@eiﬁffﬂﬁﬂatlﬁnaﬁgﬁéﬁance

Y/Mozgdgr vd:'oer}? I dz?tc%gh{‘ 1s1n OH tl r%t ango%gnsgP Se?lrsp n¥orpnr1é)t\fcl>rqes(.jlg}'lgl a

8 transmitted by a first of said users;
generating first and second beam signals from said first and second

"![

10  received signals;

demodulating said first and second beam 51gnals in order to provide
12 first and second estimates of said information 51gnal and

generating a first tracking signal based on sa1d f1rst and second '
14 estimates of said information signal.

20. The method of claim 19 wherein said step of generating said
2 - first and second beam signals includes the step of sampling said first and
second. received signals in order to produce first and second sampled

4 received signals.

21.  The method of claim 20 wherein said etep of demodulating
2 includes the step of adjusting timing of said first and second sampled
received signals in accordance with said first tracking signal.

22.  The method of claim 19 wherein said i'step of tracking includes
2 the step of spatially tracking said first component of 'eeid information signal,
said step of spatially tracking including the step o:f';-g'en'erating a cumulative

4 error signal by accumulating said tracking signal.

23.  The method of claim 19 wherein said step of providing said
2 first and second electromagnetic beams is performed within a base station of
said digital communication system. o -

24, The method of claim 19 further including the step of providing

2 third and fourth electromagnetic beams for receiving a second information
signal component over a second transmission path so as to generate third

4 and fourth received signals, said second information signal component

comprising a second portion of said first information signal
: is Sheet Has Been Replaced
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*ot her functional Urrrt—Tpﬂ“nmm’—a‘dvant age afforded by the enbodi ment 15
need to be yumessemsioby the

of FIG % scooadsat am si gn
switch matrix. Alt h@mj‘mnﬁlﬂHumHml ring-t a{-H' '_ Tonar form ng
“el enents be provide 'S may Bone el%gs esurl ,Ttﬂfb?ﬂﬂéﬁ
cost-effective circuit inplementation n F %—-Bp 'Tﬁ""%q’]e wi dth of the

dependoqt upon The gy hethod bf ﬂﬂ%"‘?ﬁ%ﬂéﬁ‘é&?‘“‘iﬁnﬁﬁm pI0F! be a0 the
bace st 8t i on. | BoReraing, BiishAog JORIIH Beamsognaln HOm Rl Huakiand fwahl |y he
gssi gne]gl t feceiseglsighals; units rel at : vely close to the base station, whil et-
eanms Of, narrowg r c units.
25 C Béam Form %6\\94@{1 P{\& %Qufg?lﬂi Qfgq%fl&i%eg& ?‘Iéafseﬁ'b%’f/@éjrb% éh‘ﬁ@dgr ray

i s al t er nathirg amdanlxddesm&Std $ai Imﬂynaatwnmgr@ﬂ,eamhts for receiving
both h t al t h
0 Okl zont a g¥né’f&@in i éeﬁ%ﬁytfggléﬁﬁgﬁggaﬁbsib’ﬂ onl il gﬂgtg f&'@i Fdurthn suc

an enbodi nent 3 sepa at g? beam t wor 224a an re utilized
to provi deesitpates: @f spid dnigrmation signal ng signals [err] and [err],
corresponding to horizontally and vertically polarized beam patterns,

respectivel . The o1 g Subldd S LR ho™HerARIPSIALISHY SRS Y the
2 demodulating said first and second beam signals includes the steps of:
generating a set of symbol estimation signals by correlating said first
4 beam signal with a corresponding set of information symbol sequences,
' selecting one of said information symbol sequences by comparing said
6 symbol estimation signals.

27. The method of claim 26 wherein said step of demodulating
2 said first and second beam signals includes the step of correlating said
selected one of said information symbol sequences with said second beam

4 signal. |

28. A method for communicating information signals among a
2 plurality of users within a 'digital communication system, said method
comprising the steps of:
4 providing a set of electromagnetic beams for receiving multipath
signal components of a plurality of information signals transmitted by a
6 corresponding plurality of users so as to generate a set of received signals;
generating a set of beam signals based on said set of received signals;
8 allocating subsets of said beam signals among a plurality of traffic
channels, each of said traffic channels being associated with one of said
10 plurality of users; and
recovering a first of said information signals from a first of said
12 subsets of beam signals allocated to a first of said traffic channels associated
with a first of said users.

29. The method of claim 28 wherein said step of recovering

2 includes the step of processing first and second multipath signal
components of said first information signal using first and second receiver

4 fingers, respectively, of a first receiver.

is Sheet Has Been Replaced -
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networ ks 224a and 224b in accordancewith the expre55| ons:

wher e,
of FIG

processed by the-sanme*swet c

of beam signals [err] and [err] wll ge’?gar
- sanme finger of
each si gnal

[err]

" MU - :'f" b

ghe [err] pair

aIIy not ocated to the

coulth be o mARSR) of il 28, SReld il ple G ustaRgg

recei vel. ﬁdﬂudea)tm stept of assigningta figst of saidl suhsetsaof bﬂameIsealedpu spdd
pol ari zat i ghg tafec%%efmgéf sﬂﬁe stewn&rdrﬂyalaeamds%?é g@ 'ben Bidhald t8'Sid

described 1'n,
10 D. Séi t.eeromst receives fiIF&el'foI | owi ng description of the switch matrix 228

(FIG 5A),

it

or exa above-reference Pat ent™” No. 4, 901, 307.

is assuned that the antenna beans associ ated wi th successive

beam si gnaj s [?é{%f alﬁj\e[ er{l’lodaofecl‘zﬁgtif}‘u% dfncf cﬁng ti\g stteps gfner al case

each pai

(L>1),

2

demodulating said beam signals included in said first set of beam

signals in order to provide a corresponding first set of estimates of said first
information signal, and

generating a first tracking signal based on sa1d first set of estimates of

said information signal.

32.  The method of claim 31 wherein said step of demodulating

includes the step of decorrelatiﬂg said beam signals included within said
first set of beam signals using a spread spectrum sequence.

33. The method of claim 28 wherein said step of generating a set of

beam signals includes the steps of:

sampling sa1d set of received signals in order to generate quantized

signals;

weighting said quahtized signals; and
summing ones of said weighted quantized signals. -

"



15 adjacent beans (i.e., [err] and [err]) will overlap in space. Referring
to FIG wWeobbed traffic channels supported by the P=J*3K, out f
switch matrix 228 may be identified using the notation Tjﬁin1 $§kﬁnﬂ
particular, the first subscript, j, my assune the values 0, 1,..., J-1,
and specifies one of the J traffic channﬁl s. The second subscript, Kk,
identifies a particular transm ssion pai %i .e., finger) 20 of the traffic

channel and assunes the value 0, 1,..., K-1. The third subscript, m where
m=0, 1 or 2 identifies one of the three adjacent antenna beans assigned to
a particular traffic channgg finge exgnpl ary enbodi nent the input
beam signals [err] are assigney i D i ¢ channel
outputs Tj,k, min accordanceAMMth the i r every traffic

channel [err] each of the
different input beam[err

dWith are linked to a
RQUt  beam si gnal s

[err] connectedtoagivntr4' b N y be 30 conprised
of K groups, each group . y adj acent beans.
For exanple, if [err], [i.ef, 3 channel *fsi ngersy, thyl et of beans

[err], [err] 35 fach i nput, "heaim sjypal * [er Ay e connected to
one or nore traffic chgnnelfs. Howevers ¢ i ; %Jppl i ed

one switch matrix

14

FIG. 1

16

20

s
26
N\
BASESTATION [, BASE STATION
CONTROL STATION
FIG.2 =~ %



“channel . 40 3) The connections between the input beam signals [err]
and the t i hannel outputs Tj,k, m may be descri bed by. ri.-havi ng
M rows nggrrmr“seagf)ondi ng to the beans signals [err] i=1, Z,P&%&di
“having [err] colums corresponding to the switch matrix traffic channel
outputs. The entry at the [err] row and }err] colum of the matrix is
designated to be "1" if the input beam 2/lghal [err] is to be connected to
the specified traffic channel 5 output [err]. The entry is made to be
[err] if such a connection does notfexist. An exenplary connection matrix
for the case of nine input begmsigrals (M9), four traffic channels [err],
and one finger per traffic ch@nn K=1).8s set forth belowin TABLE I Note
that TABLE | specifies that am nal s&err] are to be connected to
traffic channel "0" (i.e., [e€r] [err [err] to 10 [err], and [err] to
[err] beamsignals [err] andsRerr] d&re te=be connected to traffic channel
"1" (i.e., [err] to [err], [exr] tcﬁ[err ,and [err] to [err]), beamsignals
B7, B8, and [err] are to conngcted to beYraffic channel "2" (i.e., [err]
to [err] to [err] and [err] &0 [err]), d beam signals [err] and [err]
are to be connected to 15 trafrtid_ghannel "3" (i.e., [err] to [err], B6 to
[err] and [err] to [err]).
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*TABLE | [err] In a preferred inplenentation of the switch matrix 228, each
beam si grwd 9é/80d46epabl e of bei ng connected to each and everpcrsssiow7braffic
_channel 20 outputs [err]. Referring to FIG 7, there is shown a tree-|ike
“arrangenment of sw tches 250 designed to provide exactly one signal path

bet ween the beam signal [err] and each3t %ffic channel . Each swi tch 250

w |l preferably be conprised of a one-i AE) t, two-output binary switch
capabl e of bei ngR oggl ed between four stages (e.g., states [err]). In state
SO the switch input is isolated 25 ferﬁ»oth outputs, in state Sl the

i nput is connectedyonly to the first ofpP&t, in state S2 the input is
connected only to tyhe second out put, a@d..n state S3 the input is connected

to both outputs. not ed above, each i t bea is to be connected
to at nost one of tNe 3K lines associ at with pa raf fi c channel .
Accordingly, the 30\tree-like swtch genenf Nd.7 @&lows the beam
signal Bi to be  REPLACEMENT & - o — &
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“connected to any conbination of a set of eight traffic channels T1-T8. By
arraying §5049; N switch trees a swwtch matrix is realized which is
capabl e of connecting a set of N input beamsignals to a SEtTVB¥SO7HPfi c
“channels T, where T denotes the nunber of outputs provided by each switch
tree. In general, 5 each switch tree will include [err] binary swtches.
E. Diversity Receiver FIG 8 is a bl oé{18i agram of the diversity receiver
232a, it being understood that the diversity receivers 232b-232] my be
inplemented in a 10 substarftrally 1de@ttcal nmanne. In the preferred
enbodi mnent the switch matri 228 serv% to provide{the receiver 232a with a
set of 3K beam signals assodi ated w t H=a rticulafd traffic channel. The
t hree beam signals associatgd with thesK ’Eﬁansm ssijon paths of the received
traffic channel are each prdqcessed by @ne of K recgiver fingers, with the
first and Kth such 15 fingdrs_within ®he recejiver 1232a being respectively
i dentified using the reference nfnerals 300 arkl : t he

n

first receiver finger 300 is shojwg i n detarl | Nemm: eagh pf the
remai ning K-1 receiver finger as sl %lb;s fostam-&) | @ @@t]i cal

Pt

ngd {
thereto. As is indicated by H t j § 328 Br ¢videk L _and QL0
conponents of Right [err], Lefﬁérr]mﬁl?@%r [ea;lraf beain signalm
the first receiver finger 300 j’ Swi t ch ﬁaﬁh 22%@5@ B vi des |
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“and Q conponents of Right, Left and Center beamsignals to the remaining
K-1 recewass/idoussgers, as is exenplified by the Right [errlpcrhflofobdl, LKQ
~and Center [err] CKQ beamsignals supplied to the Kth 25 receiver fi nger
"300'. Referring to FIG 8, the Center [err] beamsignals are provided to
an of fset OQPSK denodul ator 304 al ong w ? | ocal | y-generated replicas [err]
and [err] of the sequences [err] and P The resultant | and Q channel
decorrel ated outputs from denodul ator 304 are accunmul a{ad 30 wthin

| -channel and Q channel b ) 1ch each
accumnul ate synbol dat a,ov r intervial BhJi vé@ent to four PN chips in
duration. The out putsc:p)f cumul ot & 306 &ind 308 are | qatched by a Fast
Hadamard Transform ( FET ﬁ) P9 105t on of |each
accunul ation interval. 35 As n E:Iqat ove, in jary | sh signaling
the transmtted synbols e odegs i|nt ofbrle of 64 d('g;ffer bi nary
sequences known as Wl sh [jons | xenpl ary *n-rrpl ergt at I on the
signals fromeach subscri r [ M dul at ed by ngi me set of 64
ort hogonal Wl sh code sequ f lengtlh|64. It is wgl wn that the
Fast Hadamard i o =279
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REPLACEMENT SHEET 19 Transform operation inpl erre-nt ed by the FHT processor

310 rovi d¥@90esaVeni ent mechani smfor correl ating the recpiyedodidrongl
energy with each of the 64 avail abl e WAl sh sequences. '

FHT processor 310 operates to produce a set of 64 5

(W), 1 (Ve),

| (W64)

and 64 Q chann

Q Ws4), based on the results of each of

therein during each processing slot.

:

A diversity conbiner 312 is disposed

' hypot hes

In particular, t

he

| - channel "hypot heses™

es" QW),

QqW2),

64 correlations perforned

to receive the 64 parallel I-channel outputs, as well as the 64 parall el
produced by the FHT '

Q channel out

finger during
| and Q channel

put s,

each processing
out puts produced bywdh
are weighted within the diversity c&bi

sl ot .

signal energy recei vedrover =tire tmansm|s

finger. In such an i rrp] enent at i on 15

processor of

interval s, each
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4

wei ght assigned to each finger by the diversity conbiner 312 may then be

adj ust edyway odiddgssCONC! usi on of each nonitored interval. 20 ed on
the weighted I and Q channel outputs produced by the FHT 6?3@5??@&§°of each
“receiver finger, the diversity conbiner 312 provides a parallel set of 64

Wal sh energy signals to a maxi num detector block 316. The nmaxi num det ect or
bl ock 316 identifies which of the 64 WA/t sequences produced by the
di versity conbiner 312 is of the |argest energy,

[err].

25 i.e., is of the energy

The magni tude of the energy [err] may be provided to controller 244

within which it may be enpl ¢
control and | ock detection f
produces a Wal sh i ndex[err]

t he sel ected Wal sh sequence
with reference to FIG 9, tf
64 Wal sh sequences will be U

denodul ate the Right and Lef

ye€da auringgne next p
uncti ons. e maxi mum
where [errE&1, @ ...
of energy err]
e Wl sh inex [err] s
sed within right/le

ocessing slot for power
detector block 316 al so
, 64}, corresponding to
As is described bel ow
peci fies which one of the
t beam processor 320 to
FIG 9 provides a nore

detail ed representation of th@ right/left bfam 35 _praocessor 320 As shown
in FIG 9, the beam processor |320pt = —pHefis 340 |and
342, and al so includes Q chanrel | tiphiery 34¢ and 346. s |- chanrlel
mul'tipliers 342 and 344 are|sugplied =« Z, —_ S 000
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with |I-channel sanples of the right [err] and left [err] beamsignals via
del ay el ervpobéooaeg and 354. Simlarly, the Q channel nmultipliers 344 and
346 are 20 provided with Q channel sanples of the right BG/P§ISHAN0| ef t
[err] via delay elenents 356 and 358. The del ay el enents 352, 354, 356 and
358 function to delay the I and Q conponents of the right and | eft beam
signals pending identification of the WaAB index [err]. In an exenplary
enbodi nent, logical 5 high and | ow values of +1 and -1 are supplied by the
delay elenments to the multipliers 340, 342, 344 and 346. Referring to FIG
9, a Wal sh synbol generator 364 is operative to provide the nultipliers
340, 342, 344 and 346 with the Wil sh sequence conprising the Wal sh synbol
identified by the index [err]. The sequence 10 identified by the index
[err] is multiplied with the |I-channel sanples of the right [err] and |eft
[err] beamsignals, and also with the [err] sanples of the right [err] and
| eft [err] beam signals. The resultant denodul ated outputs of nmultipliers
340 and 342 are then respectively provided to |I-channel saturating

accunul ators 370 and 372, and the denodul at ed
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"15 outputs of nultipliers 344 and 346 are respectively provided to
Q channelweeémgqgé | Ng accunul ators 374 and 376. Saturating PELY }o%ﬁrs 370,
. 372, 374 and 376 accunul ate the input information over a pefiod spanning
"q" Walsh chips. In a preferred inplenentation each accunulation is
performed over 64 Wal sh chips (g=64), i.e., over a Wal sh synbol period. 20
The g-bit I|-channel accunul at or - out put s943e provided to |I-channel squaring
circuits 380 and 382, and the g-bit Q channel accumnul ator outputs are
provided to Q channel squaring circuits 384 and 386. An estinmate of the
energy of the right beamis obtained by conbining the I and Q channel
~outputs of the squaring circuits 380 and 384 within a 25 sumrer 392.
Simlarly, the left beamenergy is estimted by conbining the I and Q
channel outputs of the squaring circuits 382 and 386 within a sumer 394. A
beam error signal is then produced by digital difference circuit 396 based
on the difference ﬂetvﬂen ri gl‘ﬂ arﬁ | ef t beam@n by sumrers
392 and 394, respegtivgly. Thegsi and magni tud eam error
on the fes?lets of the |
rior

signal are dependé

denodul ations re y pe d by the i ilpligrs 342, 346
and 340, 344. Fo p, i1 the saphpling ase of |the|]A/D conyerter (FIG
5A) is set such fhat thefnaghitude of the feft beam|Wal §h denodyl ati on
exceeds the magnit udemof | the|right bpam Wabsh ., S
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35 denodul ation, then the beamerror signal will be positive. Sinmilarly,
when t he wegoéiodee of the right beam Wal sh denodul ati on ex
magni tude of the | ate beam Wal sh denodul ati on,
21 The tracking signal

Wi || be negati ve.

t hen the beam ersr o}r3 S
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0
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produced by a given receiver

finger facilitates adjustnment of the set of beans assigned to the given
finger. As was previously noted, the sw tM1Batrix 2 i ngto
allocate a set (af _three adiacent beans (e . qg.. [err] ) >t 0 eadh
receiver finger. In accordance 5 wth the invent} or 1§acgrg
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way each receiver finger is made to spatially track the incident nultipath
signal to ' L4 has been assigned. 15 Referring agal I 8,
t he beam %ﬂ‘ﬁ%g‘t network 240a includes a set of beamtracwstgglgﬁ | at or s
[err] to K, associated with each of the K receiver fingers of the diversity
recei ver 232a. Each beam tracking accumul ator [err]. processes the beam
error signal produced by the right/left B&AB processor within the receiver
finger associated therewith. As is 20 descrithed below with reference to
FIG 11, under certain conditions the beam er® signal produced within a
particular finger of receiver 232a w |l Ixgldg 38a@C¢t 0 i ncrenent/decrenent an
accunmul ation register wiwthin the corredgad eam t racki ng accunul at or
[err]. Wien the accunul ation register feR undertows, a beam
switching signal is provided to 25 cormrglg 44, and the set of beans
allocated to the receiver finger by swtch ma€™¥x 228 is adjusted
accordingly. Turning now to FIG 10, tfe iﬁ ghown a bl ock di agram
representation of the beamtracking ac ator [err] associated with the
first receiver finger 300 (FIG 8)_of di receiver 232a. The beam
tracking 30 accunulator [err] indludes put register 402 to which is
provi ded the Wal sh synbol hypothedis iadex |

: vy geFerat-ed by maxi num
det ector bl ock 316, and the beam dr pof &i gnal Rrom dhe~TRght /1 eft beam
processor 320.
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*These values are stored within register [err] until the diversity conbiner
312 has i nal "hard decision", based on the valsh t heses
35 prodﬁ@ggw@V'%ach recei ver finger, as to the actual 3%5%%%PE¥B§f t he
“received [err] synbol. Upon the index [err] becom ng avallable from

di versity conbiner 312, an index available line [err] enables the stored
value of [err] to be provided to a digitl2/1%onparator 406, and the stored
beam errar signal to be received by a buffer register 408. 22 | f the
conparator 406 determnes that [err] - alent, an output
enabl e signal inpressed upon line 407 results in thg gfpr signal stored
within buffer register 408 being added to the contem s af accumnul at or

regi ster 410. Wen the content of accunul ator reg EkVDEﬁo overfl ows above
5 an upper threshold, or underflows below a | owe HEﬁhO|d, a beam

swi tching signal of the appropriate polarity is pfb g to controller 244.
Upon receiving a beam sw tching signal the controll g% i ssues a RESET

instruction which results in the accumul ator 410 belnﬁnhleared. A RESET
instruction is also provided when a receiver beco "@ut of lock”™ with the

Y

W g

240a 1
e

BUFFER
REGISTER
408

et

A

407

RESET
ENABLE

406

FIG. 10

DIGITAL

P
. COMPARATOR

FROM
CONTROLLER
INPUT
REGISTER
402

Imax ——»

MAX
TIMING

ERROR —P
METRIC
Iav



“10 received synbol data, i.e., when conparator 406 determines that [err]
is not e to [err]. F. Grcular Antenna Array Referring to FIG 11
~there |scvgtr)\3€/§”§g§j an illustrative representation 15 . of a ¢ (FW% £799nt enna
“array 500. The circular array is assumed to be of r adi us R, and includes 2N
uni form y-spaced antenna el enents [err] i=1 to 2N, at the follow ng
coordinate | ocations: [err] The circul arl3lBay 500 may be characterized by
a gain pattern [err], where [err] specifies the direction of ‘arrival of the
i nci dent el ectronmagnetic signal [err] and where [err] is indicative of the
position the antenna elenment [err]. As is evident fromFI G 11, the signal
Swill arrive at different tines at each of the 25 antenna elenents [err].
The tine delay .[err] between arrival of the incident signal S at the center
C of the array 500 and the arrival at the elenent [err] may be expressed
as: [err] where [err] is the center frequency of the incident signal [err]
and where [err] represents the phase shift due to spatial separation

bet ween antenna el enents [err] and [err]. Assum ng each delay [err] to be
much shorter than the PN chip period, the quantity [err] ) remains

rel atively constant over the '

FIG. 11
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and receive the signals-S and Sp,; in response to changes in the angles of
incidence thereof upon the base station 26. These changes may arise from,
for example, motion of the subscriber unit 22a or from movement of either
of object 34. Similar changes in angle of incidence could result from motion
of the base station 26 in embodiments wherein, for example, the base
station 26 is deployed on an orbiting satellite. |

Within the base station 26, a diversity receiver is provided which
includes a "finger" dedicated to receiving the directly transmitted signal S
and a finger for receiving the multipath signal S_;. After demodulation of

- the received signals within each finger using the PN code associated with

20

30

35

the subscriber unit 22a, the demodulated signals are time-aligned and
combined. In this way the signal to noise ratio of an information signal
extracted from the combined signals is improved relative to that which

would be obtained using the signal received over only a single transmission

path.

II. Detailed Description

A. Spread Spectrum Signal Transmission

Referring to FIG. 3, there is shown a block diagrammatic
representation of a spread spectrum transmitter suitable for incorporation
within the subscriber units 22 FIG 2 . In the preferred embodiment a
form of orthogonal signaling such as Binary, quaternary, or C-ary signaling

~ is employed to provide a suitable ratio of signal to noise on the subscriber
unit-to-base station link, i.e., on the "reverse” link. In addition, C-ary

orthogonal signaling techniques are believed to be less susceptible to signal
corruption resulting from Rayleigh fading and the like than are, for
example, Costas loop or coherent PSK techniques. It is understood,
however, that other modulation techniqi.les may offer improved signal to
noise ratio in, for example, embodiments involving base stations deployed
on orbiting satellites.

In the transmitter of FIG. 3, data bits 100 consisting of, for example,
voice converted to data by a vocoder, are supplied to an encoder 102 where
the bits are convolutional encoded in accordance with the input data rate.
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REPLACEMENT SHEET

recei ved si gnal energy may be performed in accordance W|th wel | known array

design te ' such as are descri bed by, ; - Phicdk /5970

Unni kri shna, | rray Signal Processing pp. e e Yer flag, New 25
York, N. Y. (1989). The previous description o NV d9B7e rifodi ment s i s
provi ded to enabl e any person skilled in‘the (& CHRE 0T USe the pr esent
I nvention | L I & t I iy
apparent o gL ahe BiF BR Hhid kst the *9?%%%9?% PR o e encllgt 0%
herein nay igedeGymhol irepetition mas enmd. mr Q?efQRﬁéf%th mtuve

facul ty. Thyges bHhs: Mo%ﬁafdév%eeﬂehwau% eﬁ%vbrua&ao&@haaﬁ ata bitatedviieht he

.enbodi ments shown herein but 1s t? E%‘ii gg the w dﬁst SCO consj st ent

with the priRicpesthe,pperabive rategf gp &7 prsTaplary smbpgiment hea vED

| S 245 1 encodér M20tdcaives adata bits A0t asyletmmh nte\/IQRbd hof f6okbitd isecorsd,gnal s

2 are conmmuni e € al [

reans for pASG SERARER RI/P sPRRIs Jedtort Ciher? O, SHRORE, fTROLE, Péte
(e.g.1/3) of the encoder 102. The encoded data is then provided to
interleaver 104 where it is block interleaved.

Within the 64-ary (i.e., C=64) orthogonal modulator 106, the symbols
10 are grouped into characters containing logyC symbols at a rate

of (1/r)(Rb/log>C) characters/second, with there being C possible characters.

In a preferred embodiment each character is encoded into a Walsh sequence

of length C (e.g., C=64). That is, each Walsh sequence includes 64 binary bits

_ or "chips", there being a set of 64 Walsh codes of length 64. The

15 64 orthogonal codes correspond to Walsh codes from a 64 by 64 Hadamard
matrix wherein a Walsh code is a single row or column of the matrix.

The Walsh sequence produced by the modulator 106 is seen to be
provided to an exclusive-OR combiner 108, where it is then "covered" or
multiplied at a combiner with a PN code specific to a particular subscriber

20 unit 22. Such a "long” PN code is generated at rate Rc by a PN long code
generator 110 in accordance with a user PN long code mask. In an
exemplary embodiment the long code generator 110 operates at an
exemplary rate of 1.2288 MHz (Rc=1.2288 MHz), so as to produce four PN
chips per Walsh chip. '

25 Referring to FIG. 4, there is shown an exemplary implementation of

- the RF transmitter 150. Incode division multiple access (CDMA) spread
spectrum applications, a pair of short PN sequences, PN; and PNg, are
respectively provided by a PN, generator 152 and by a PN, generator 154 to
exclusive-OR combiners 156 and 158. The PNj and PNq sequences relate
30 respectively to in-phase (I) and quadrature phase (Q) communication
_channels, and are generally of a length (32,768 chips) much shorter than the
length of each user long PN code. The resulting I-channel code spread
sequence 160 and Q-channel code spread sequence 162 then passed throvch
baseband filters 164 and 166. The filtered Q-channel sequence may then ve
35 optionally delayed by 1/2 PN chip in order to compensate for RF amplifier
nonlinearity.
Digital to analog (D/A) converters 170 and 172 are prov:ded for
converting the digital I-channel and Q-channel information, respectively,
into analog form. The analog waveforms produced by D/A converters 170, J
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ncludi ng_ AN BrerdS St di9e 156 385118 PRAALS ltleny UBAVEEIEH to
the RF frequency band  The RF signal includes in-phase (I) and quadrature

10 phase (Q) components, and may then be bandpass filtered and output to an
RF amplifier (not shown). It should be understood that differing
implementations of the RF transmitter 150 may employ a variety of signal
summing, mixing, filtering and amplification techniques not described
herein, but which are well known to those in the art. Similarly, other

15 known encoding and modulation formats may offer improved performance
in certain alternate embodiments.

dilsi gnal , said

B. Overview of Base Station Receive Network
Turning now to FIG. 5A, there is shown a block diagram of a base
20 station receive network 210 configured in accordance with the invention.
In the exemplary embodiments of FIG. SA and 5B, the base station antenna
array is deployed at the same location as the signal processing portion of the
receive network 210. As is described below with reference to FIG. 5C and 5D,
the antenna array may alternately be deployed at a remote location, with
25 communication to the remainder of the receive network being established
by way of a fiber optic communication link or the like.

Referring to FIG. 5A, an M-element antenna array (not shown) is
seen to provide signals over a set of M signal lines 212. In the exemplary
embodiment the antenna array comprises a number (M) of omnidirectional

30 antenna elements uniformly arranged about a circular periphery, thereby
enabling the reception of signals incident from any direction. A detailed
description of an exemplary circular array is provided below in section F.
As is shown in FIG. 5A, the signal lines 212 are connected to an IF
downconverter 214 operative to downconvert the signals from the antenna
35 array to a set of IF signals 218. The IF signals 218 are each then sampled
using a separate analog to digital converter, which are collectively
represented by analog to digital (A/D) converter 220. The A/D converter 220

produces, at an exemplary rate approximately equivalent to four times the
PN spreading rate, a set of M complex-valued digital signals (I;, Q;), where
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I ncl uding 818§, ff8ﬁr RlaBpit thﬂnels (J=4), and one finger per traffic channel (K=1) is

set forth below in TABLE I. Note that TABLE I specifies that beam signals

By, B,, and Bj; are to be connected to traffic channel "0" (i.e., By to Tg g4, B, to

10 Top0.2- and B; to Tg ), beam signals B;, By, and Bs are to be connected to
traffic channel "1" (i.e., B3 to Ty g0, By to Ty g5, and Bs to T} g5), beam signals
B;, Bg, and By are to connected to be traffic channel "2" (i.e., By to T, 4, By to

W T2,0,2- and By to T3 44), and beam signals Bs, B¢, and By are to be connected to
15 traffic channel "3" (i.e., B5 to T30, Bg to T390, and B, to Ts30.1)-
TABLE1
1To00 Too1 Too2 Troo Tro1 Tio2 To00 Tae1 Ta02 Tano0 Tagq Taoa
Byl O 0 0 0 0 0 1 0 0 0 0 0
B,/ o 1 o 0 0 0 O ©6 0 0 O0 0
B,} O 0 1 0 0 1 0 0 0 0 0 0
B3l 1 0 0 1 0 0 0 0 O 0 0 0
‘B4JO 0o o0 0o 1 0 O O O ©O0 0 O
Bsj 0 0 o0 O O0.1 0 0 ©0 0 0 1
B0 o 0o 0 o0 ©0 ©0 0 o0 1 0 0
B;|] O 0 o 0 0 0 0 1 0 0 1 0
Bg| O 0 0 0 0 0 0 0 1 0 0 0

In a preferred implementation of the switch matrix 228, each beam
‘signal is capable of being connected to each and every of the traffic channel
20 outputs T;y . Referring to FIG. 7, there is shown a tree-like arrangement of
switches 250 designed to provide exactly one signal path between the beam
signal B; and each traffic channel. Each switch 250 will preferably be
comprised of a one-input, two-output binary switch capable of being toggled
between four states (e.g., states S0-S3). In state SO the switch input is isolated
25 from both outputs, in state 51 the input is connected only to the first output,
in state S2 the input is connected only to the second output, and in state S3

the input is connected to both outputs.
As noted above, each input beam signal is to be connected to at most
one of the 3K lines associated with each traffic channel. Accordingly, the
30 tree-like switch arrangement of FIG. 7 allows the beam signal B, to be
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10 substantially identical manner. In the preferred embodiment the switch
matrix 228 serves to provide the receiver 232a with a set of 3K beam signals
associated with a particular traffic channel. The three beam signals
associated with the K transmission paths of the received traffic channel are

N each processed by one of K receiver fingers, with the first and Kth such

15 fingers within the receiver 232a being respectively identified using the
reference numerals 300 and 300'. Although only the first receiver finger 300
is shown in detail in FIG. 8, each of the remaining K-1 receiver fmgers are
assumed to be substantially identical thereto.

As is indicated by FIG. 8, switch matrix 228 provides I and Q

20 components of Right (Ry;, Ryq), Left (L, L1q) and Center (Cyy Ciq) beam
signals to the first receiver finger 300. The switch matrix 228 also provides I
and Q components of Right, Left and Center beam signals to the
remaining K-1 receiver fingers, as is exemplified by the Right (Rg;, Rgg).
Left (Lx; Lgg) and Center (Cg;, Ckxq) beam signals supplied to the Kth

25 receiver finger 300'.

Referring to FIG. 8, the Center (C;;, C;q) beam signals are provided to
an offset OQPSK demodulator 304 along with locally-generated replicas
(PN and PNg') of the sequences PN; and PNqg. The resultant I and Q
channel decorrelated outputs from demodulator 304 are accumulated

30 within I-channel and Q-channel buffer accumulators 306 and 308, which
each accumulate symbol data over an interval equivalent to four PN chips
in duration. The outputs of the accumulators 306 and 308 are latched by a
Fast Hadamard Transform (FHT) processor 310 at the conclusion of each
accumulation interval.

35 As noted above, in 64-ary Walsh signaling the transmitted symbols
are encoded. into one of 64 different binary sequences known as Walsh
functions. In an exemplary implementation the signals from each
subscriber unit 12 are modulated by the same set of 64 orthogonal Walsh
code sequences of length 64. It is well known that the Fast Hadamard
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"hypotheses” Q(W1), Q(W2), .. Q(W64), based on the results of each of the
64 correlations performed therein during each processing slot. A diversity
combiner 312 is disposed to receive the 64 parallel I-channel outputs, as well
as the 64 parallel Q-channel outputs, produced by the FHT processor of each

10 receiver finger during each processing slot. In the exemplary
implementation, the I and Q channel outputs produced by the FHT
processor within a given finger'_ are weighted within the diversity

w combiner 312 in proportion to an average signal energy received over the
transmission path associated with the finger. In such an implementation

15 the signal power produced by the FHT processor of each finger will typically
be monitored over successive intervals, each of which span several received
symbol periods (e.g., a processing slot of six symbol periods). The relative -
weight assigned to each finger by the diversity combiner 312 may then be
adjusted at the conclusion of each monitored interval.

20 Based on the weighted I and Q channel outputs produced by the FHT
processors of each receiver finger, the diversity combiner 312 provides a
parallel set of 64 Walsh energy signals to a maximum detector block 316.
The maximum detector block 316 identifies which of the 64 Walsh
sequences produced by the diversity combiner 312 is of the largest energy,

25 1ie., is of the energy E,,x- The magnitude of the energy E,,, may be

- provided to controller 244 within which it may be employed during the next
processing slot for power control and lock detection functions. The
maximum detector block 316 also produces a Walsh index I,,,,, where
Inax € {1, 2, ...., 64}, corresponding to the selected Walsh sequence of energy

30 Eqax- Asis described below with reference to FIG. 9, the Walsh index I,
specifies which one of the 64 Walsh sequences will be used within a
right/left beam processor 320 to demodulate the Right and Left Beam s:gnals
Ru, RIQ’ L", and LIQ

FIG. 9 provides a more detailed representation of the right/left beam

35 processor 320. As shown in FIG. 9, the beam processor 320 includes
I-channel multipliers 340 and 342, and also includes Q-channel
multipliers 344 and 346. The I-channel multipliers 342 and 344 are supplied
with I-channel samples of the right (R;;) and left (L;) beam signals via delay
elements 352 and 354. Similarly, the Q-channel multipliers 344 and 346 are
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identified by the index Iy,, is multiplied with the I-channel samples of the
right (R;;) and left (L;;) beam signals, and also with the Q-channel samples
of the right (R;q) and left (L1g) beam signals. The resultant demodulated
outputs of multipliers 340 and 342 are then respectively provided to
I-channel saturating accumulators 370 and 372, and. the demodulated
outputs of multipliers 344 and 346 are respectively provided to Q-channel
saturating accumulators 374 and 376. Saturating accumulators 370, 372, 374
and 376 accumulate the input information over a period spanning "q"
Walsh chips. In a preferred implementation each accumulation is

performed over 64 Walsh chips (q=64), i.e., over a Walsh symbol period.

The g-bit I-channel accumulator outputs are provided to I-channel squaring
circuits 380 and 382, and the g-bit Q-channel accumulator outputs are
provided to Q-channel squaring circuits 384 and 386.

An estimate of the energy of the right beam is obtained by combining
the I and Q channel outputs of the squaring circuits 380 and 384 within a
summer 392. Similarly, the_left beam energy is estimated by combining the I
and Q channel outputs of the squaring circuits 382 and 386 within a
summer 394. A beam error signal is then produced by digital difference

“circuit 396 based on the difference between right and left beam energies

30

35

produced by summers 392 and 394 , respectively. The sign and magnitude of
the beam error signal are dependent upon the results of the left and right

beam Walsh demodulations respectively performed by the pairs of

multipliers 342, 346 and 340, 344. For example, if the sampling phase of the
A/D converter (FIG. 5A) is set such that the magnitude of the left beam
Walsh demodulation exceeds the magnitude of the right beam Walsh
demodulation, then the beam error signal will be positive. Similarly, when
the magnitude of the right beam Walsh demodulation exceeds the
magnitude of the late beam Walsh demodulation, then the beam error
signal will be negative. '
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controller 244 on the basis of the tracking signals received from each finger
of the receiver 232. As a consequence, controller 244 may periodically
instruct switch matrix 228 to shift the beaming direction of a given finger by

10 one beam width. For example, if a given finger had previously been
allocated beams B, ,, B;, and By,;, it may be switched to beams B;, B,,,, and
B, in response to generation of a specific beam switching signal. In this
way each receiver finger is made to spatially track the incident multipath

. signal to which it has been assigned.

15 Referring again to FIG. 8, the beam tracking network 240a includes a
set of beam tracking accumulators 240a;, i=1 to K, associated with each of the
K receiver fingers of the diversity receiver 232a. Each beam tracking

“accumulator 240a; processes the beam error signal produced by the right/left

beam processor within the receiver finger associated therewith. As is

20 described below with reference to FIG. 11, under certain conditions the beam
error signal produced within a particular finger of receiver 232a will be used
to increment/decrement an accumulation register within the corresponding
beam tracking accumulator 240a;. When the accumulation register
overflows/ undertows, a beam switching signal is provided to

25 controller 244, and the set of beams allocated to the receiver finger by switch
matrix 228 is adjusted accordingly.

Turning now to FIG. 10, them is shown a block diagram
representation of the beam tracking accumulator 240a, associated with the
first receiver finger 300 (FIG. 8) of diversity receiver 232a. The beam tracking

30 accumulator 240a; includes an input register 402 to which is provided the
Walsh symbol hypothesis index I,,, generated by maximum detector
block 316, and the beam error signal fromr ‘e right/left beam processor 320.
These values are stored within register 402 until the diversi:v combiner 312
has made a final "hard decision”, based o~ the Walsh symbol hypotheses

35 produced by each receiver finger, as to the actual index (I.,,,") of the received
Wa'sh symbol. Upon the index I,,,' becoming available from diversity
combiner 312, an index available line I,, enables the stored value of I_,, to
be provided to a digital comparator 406, and the stored beam error signal to
be received by a buffer register 408.

AN
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Means. 10 received symbol data, i.e., when comparator 406 determines that I, is not
equivalent to L, .

F. Circular Antenna Array
(% Referring to FIG. 11, there is provided an illustrative representation
15 of a circular antenna array 500. The circular array is assumed to be of radius
R, and includes 2N uniformly-spaced antenna elements Ej, i=1 to 2N, at the

following coordinate locations:
2i-1), oo, (2i-1) .
: (x,-,y,-)-(Rcos()!(-z—i)),Rsm(ﬂ( >N ))),1-1.....2N 4)

The circular array 500 may be characterized by a gain pattern G(8-g;), where 8
specifies the direction of arrival of the incident electromagnetic signal S, and
where g; is indicative of the position the antenna element E;. As is evident
from FIG. 11, the signal S will arrive at different times at each of the

25 antenna elements E;. The time delay t; between arrival of the incident
signal S at the center C of the array 500 and the arrival at the element E; may
be expressed as:

1,'-—cos(6 (]5)—)(1l 27tf 1"--/1—-cos(9 ¢)¢ x(— i=1,...2N (5

20

30

of the incident signal S is given by:

35 X:()=5(t- Ti)\/ G,-(O - ¢z) exp( jerf t+ a,.)) 6)

where f_ is the center frequency of the incident signal S, and where o; -
represents the phase shift due to spatial separation between antenna
elements E; and E;,,. Assuming each delay t; to be much shorter than the
PN chip period, the quantity S(t-t; ) remains relatively constant over the
40 range1<i<2N. In the preferred embodiment the antenna radius R will be
less than approximately 30 meters, and hence each delay t; will be on the
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sai d step wdergenerating said 2 first and second beam signals includes the °
step of gsampl i nge 3 fby ilﬁééatﬂi%dsaid first electromagnetic beam to receive a first
of said information signal components transmitted over a first transmission
8 path so as to generate a first received signal, said first information signal
component comprising at least a portion of a first information signal
10 transmitted by a first of said users;
means for generating a first beam signal from said first received
12 signal;
a first beam tracking network for generating a first beam tracking
14 signal by demodulating said first beam signal; and
beam switching means for allocating, based on said first beam
16 tracking signal, said second electromagnetic beam to receive said first signal ’.'&M"’#
component and thereby produce a second received signal. .

18 Jbeam switching means for spatially tracklng_sa:.d first
signal component by assignin said second electromagnetic

20 Jbeam to receive said first s ggal component based upon said
first beam tracking sigmal.

2. The system of claim 1 further including means for generating a
2 second beam signal from a second received signal derived from said second
N electromagnetic beam, said means for generating said first and second beam signals including
4 means for sampling said first and second received signals in order to generate first and.
second sampled received signals. -

3. The system of claim 2 wherein said means for 'demedu'lati'ng
2 includes means for adjusting timing at least of said first sampled received
signal in accordance with said first beam tracking signal.

4.  The system of claim 1 wherein said beam tracking network

2 includes means for spatially tracking said first component of said

information signal, said means for spatially. tracking including an

4 accumulator for generating a cumulative error signal by accumulating said
beam tracking signal.
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7. The system of claim 6 further including:
2 means for generating third and fourth beam signals from said third
and fourth received signals;
4 means for demodulating said third and fourth beam signals in order
to provide third and fourth estimates of said information signal; and
6 a second tracking network for generating a second tracking signal
based on said third and fourth estimates of said information signal.

8.  The system of claim 2 further including:
2 means for demodulating said second beam signal;
means for generating a set of symbol estimation signals by correlating
4 said first beam signal with a corresponding set of information symbol
sequences,
6 means for selecting one of said information symbol sequences by
\_ comparing said symbol estimation signals.

9. The system of claim 8 wherein said means for demodulating
2 said first and second beam signals includes means for correlating said
selected one of said information symbol sequences with said second beam

4 signal.

10. A digital communication system in which information signals
2 are communicated among a plurality of users, said system comprising:

means for providing a set of electromagnetic beams for receiving
4 multipath signal components of a plurality of information signals

transmitted by a corresponding plurality of users so as to generate a set of
6 received signals;
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11. The communication system of claim 10 wherein said first
receiver means includes first and second receiver fingers for processing first
and second multipath signal components of said first information signal.

[V

s 12 The communication system of claim 11 wherein said switching
2 means includes means for assigning a first of said subsets of beam signals to

said first receiver finger and a second of said subsets of beam sxgnals to said
4 second receiver finger.

13. The communication system of claim 10 wherein said first
2 receiver finger includes a first demodulator for demodulating said beam signals |
included in said first set of beam signals in order to provide a corresponding
4 first set of estimates of said first information signal; and
a first tracking network for generating a first tracking signal based on
6 said first set of estimates of said information signal.

14. The system of claim 13 wherein said first demodulator
2 includes means for _correlating said beam signals included within said
first set of beam signals using a spread spectrum sequence.

15. The system of claim 10 wherein means for generating a set of
2 beam signals includes:

means for sampling said set of received signals in order to generate
4 quantized signals;

means for weighting said quantized signals; and
6 means for summing ones of said weighted quantized signals.
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claim 20 whereiMinGaicdted vin at 1edst on@t bas@ station among a plurality of users,

said system comprising:
4 an array of antenna elements, located at said base station, for
providing a first set of electromagnetic beams for receiving information
6 signals transmitted by said plurality of users so as to generate a first set of
received signals;
8 ~a first beam-forming matrix, coupled to said array of antenna
elements, for producing a first set of beam signals based on samples to said
10 set of received signals, said beam-forming matrix including means for
weighting and combining selected ones of said received signal samples;
12 switching means for spatially tracking said information signals received at said
base station by altering allocation of subsets of said beam signals among a
14 plurality of traffic channels wherein each of said traffic channels is associated
with one of said plurality of users; and
16 a set of receivers coupled to said switching means, each of said
receivers including means for- extracting an information signal from the
subset of beam signals allocated to one of said traffic channels.

18.  The system of claim 17 further including:

2 a remote array of antenna elements, displaced from said base station
Y and operatively connected to said beam matrix, for providing a second set of
4 electromagnetic beams for receiving information signals transmitted by said

plurality of users so as to generate a second set of received signals
6 . a second beam-forming matrix, coupled to said remote array of
antenna elements, for producing a second set of beam signals based on
8 samples of said set of received signals, said second beam-forming matrix
including means for weighting and combining selected ones of said samples
10 of said signals included within said second set of received signals, said
| beam-forming matrix being operatively connected to a switch matrix

12 included within said switching means.
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component comprising at least a portion of a first mformanon signal

8 transmitted by a first of said users;

generating first and second beam signals from said first and second
10 received signals;

demodulating said first and second beam signals in order to provide
12- first and second estimates of said information signal; and

generating a first tracking signal based on said first and second

14 estimates of said information signal, said first tracking signal being useable to

tially track said first transmission path.
20. The method of claim 19 wherein said step of generating said

2 first and second beam signals includes the step of sampling said first and
second received signals in order to produce first and second sampled
4 received signals.

21.  The method of claim 20 wherein said step of demodulating.
2 includes the step of adjusting timing of said first and second sampled
received signals in accordance with said first tracking signal.

22. The method of claim 19 wherein said step of tracking includes
" 2 the step of spatially tracking said first component of said information signal,
said step of spatially tracking including the step of generating a cumulative

4 error signal by accumulating said tracking signal. :

23. The method of claim 19 wherein said step of providing said
2 first and second electromagnetic beams is performed within a base station of
said digital communication system.

24.  The method of claim 19 further including the step of providing

2 third and fourth electromagnetic beams for receiving a second information

signal component over a second transmission path so as to generate third

4 and fourth received signals, said second information signal component
comprising a second portion of said first information signal.
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25. - The method of claim 24 further including the steps of:
generating third and fourth beam signals from said third and fourth
- received signals;
demodulating said third and fourth beam signals in order to provide
third and fourth estimates of said information signal; and
generating a second tracking signal based on said third and fourth
estimates of said information éignal.

26. The method of claim 19 further wherein said step of
demodulating said first and second beam signals includes the steps of:
~ generating a set of symbol estimation signals by correlating said first
beam signal with a corresponding set of information symbol sequences,

selecting one of said information symbol sequences by comparing said
symbol estimation signals.

27. The method of claim 26 wherein said step of demodulating
said first and second beam signals inciudes the step of correlating said
selected one of said information symbol sequences with said second beam
signal.

28. A method for communicating information signals among a
plurality of users within a digital communication system, said method
comprising the steps of:

providing a set of electromagnetic beams for receiving multipath
signal components of a plurality of information signals transmitted by a
corresponding plurality of users so as to generate a set of received signals;

generating a set of beam signals based on said set of received signals;
tially tracking said multipath components b altering allocation (of subsets of

said beam mgnals among a plurahty of traffic channels, each of said traffic channels
being associated with one of said plurality of users; and

recovering a first of said information signals from a first of said

subsets of beam signals allocated to a first of said traffic channels associated
with a first of said users.

29. The method of claim 28 wherein said step of recovering
includes the step of processing first and second multipath signal

components of said first information signal using first and second receiver
fingers, respectively, of a first receiver.

* c L M S *
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30. The method of claim 29 wherein said step of allocating
includes the step of assigning a first of said subsets of beam signals to said
irst receiver finger and a second of said subsets of beain signals to said
second receiver finger. '
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31.  The method of claim 28 further including the steps of:

demodulating said beam signals included in said first set of beam
signals in order to provide a corresponding first set of estimates of said first
information signal, and

generating a first tracking signal based on said first set of estimates of
said information signal.

32. The method of claim 31 wherein said step of demodulating
includes the step of correlating said beam signals included within said
first set of beam signals using a spread spectrum sequence.

33.  The method of claim 28 wherein said step of generatmg a set of
beam signals includes the steps of:

sampling sa1d set of received signals in order to generate quantized
signals;

weighting said quantized signals; and

summing ones of said weighted quantized signals.



