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' TRANSCEIVER ALGORITHMS OF ANTENNA ARRAYS

FIELD OF THE INVENTION
Present invention relates to a cellular communication
~system with adaptive antenna arrays, and more particularly to
S a transmitter and receiver set-up for improviﬁg the spectral
efficiency and the capacity of cellular communication

systems.

BACKGROUND OF THE INVENTION
The cellular industry has made phenomenal str_ides' in

10 commercial operé.tions_ in the United States as well as the rest
of the world. The number of cellular users in major metropo-
litan areas has far exceeded expectations and is outstripping
system capacity. If this trend continues, the effects of the
rapid growth will soon be achieved even in the smallest

15 markets. Innovative solutions are thus required to meet these
increasing capacity ﬁe_eds as well as to maintain high-quality
service and avoid raising prices. Furthermore, as the number
- of cellular users increases, the problems associated with co-
channel interference become of increased importance.

20 . . Current digitai_. 'c_eliular systems employ base stations
which separate signals from mobile stations using time and
freguency orthogonality. signalé from a mobile propagate to |
a base station and the s'ignals are received in a single or
sometimes double antenna. The receiver processes the signal

25 using time and frequency orthogonality to separate signals
from different users. It is then possible to equalize and
detect the signals. While techniques such as frequency

- hopping and advance cod:Lng technlques prov:l.de ways to reduce

- the effects of co-channel interference, they are J.nherently

. ' 30 1limited by the available -frequency spgctru:n. However, the use

' of the directional sensitivity of adaptive antenna 'arrays

e _ ' offers a new way of reducing co-channel interference. Aan

adaptive antenna array consists of an array of spatially
distributed antennas. Signals from several transmitters
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of cellul
cellular industry has strides in conmercial operations in

the Unifed States as t of the world. The nunber of cellular
users in major nmetropo- litan areas has far exceeded expectations and is
outstripping systemcapacity. If this trend continues, the effects of the

rapid growh will soon be achieved even in the s Ilest '
converge on the array from various dJ.rectJ.ons. By properly

~ combining the antenna outputs, it is possible to extract
. individual'signals £from 'the received superposition, even’if
they occupy the same fr_eqﬁency band. It is then possible to
5 distinguieh between spatially separated users by using narrow
adaptive antenna lobes. - Tnie can be viewed as a way to
utilize orthogonality in the spatial dimension.
The use of antenna arrays implies that the detector
structure in a receiver must be modified. Temporal and
10 spatial symbol interference suggests the possibility of using
power from various directions in a constructive way. Spatial-
ly separated signals can not simply be added due to the
teﬁporal symbol interference. There is thus a need for a
jo:.nt detection of various propagat:.on paths. A "“joint
15 maximum likelihood sequence est.unator" (MLSE) solution has
been proposed for the joint detection of all mobiles using a
channel. The joint MLSE solution can be implemented as a
channel identificetion followed by a multi-input Viterbi
detector, where the on._:tput of the detector is the detected

20 data for a mobile station. 'Howe've.r, the joint MLSE solution

is prohibitively complex. The complexity grows very fast with
the number of elements in the array and with the number of
mob:.les to be jointly detected.

Another receiver structure is d:.sclosed in "An Adaptive

25 Array for Mobile ccmnumcatlon Systenms,"™ S. Andersson et al.,

IEEE Trans. on Veh. Tech., vol. 40, no. 1, pp. 230-236 (Feb.
1991), in which a spatial filter is optimized by various
methods and the perforx_nanee is evaluated by the signal-to-
noise ratio. However, this article does not 'discu'ss transmis- |

30 sion nor the problems associated with .intersymbel inter-

ference. . _ _

Yet another receiver structure is disclosed in "Optimum
Combining in Digital _Mebile Radio with Cochannel Inter-
ference, ™ J.H. Winters, IEEE Trans. on Veh. Tech., pp. 144-155

'35 (Aug. 1984), wherein the spatial filter is trained using
detected data and a Least-Mean-Squares algorithm. Winters
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rai si ng prlces urt cefunber of cellular users I ncreases, the
probl ens associ-ated wi i nterfgerence beconme of increased
i nport arice. * Curr | ul ar systens enpl oy base stations

whi ch separate signals from m)bl | e stations using tinme and frequency
orthogonality. - Signals froma nobile propagate to a base station and the

signals are rss-sg%%@s' RraeSkRY el nf%%m%fd? oyl aag&e@&acemeaf@w&r
processes t he nal” using tinme an requency orthogona t o 'separat e
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the signals. eXBihg,t£chD] HeeIntetlyabhdl ¢A¥EPEErence so that the data can
' | be detected using cne'spat'ial filter followed by a quantizer.

S ~ Another proposed receiver solution suggests the use of

a "spatial demultlplexor“ using a spatial filter, computation

of relative delay.s and coherent con_th.natz.on. However, this

receiver solution can not handle temporal multipaths from one

direction. As a result, this solution would not be feasible

10 in systems, such as GSM, where each spatial radioc channel
typically creates intersymbol interference over 2 or 3

symbols.

SUMMARY OF THE DISCLOSURE |
It is the object of the present invention to provide a
15 transmitter and receiver set-up which includes a detector
structure for use with antenna arrays which overcomes the
complexity and intersymbol interference problems cited’ above
with respect to conventional systems. :
One embodiment of the present invention discloses a
20 receiver with an antenna array for use in a cellular com-
#mnication system containing a plurality of mobile stations.
A spatial filter means contains up to one input for each
antenna element of the antenna array and cne output for each
spatial channel wherein the output channels are grouped into
25 one group for each mcbile station. The present invention can
alSo include a training sequence detector which detects a
training sequence in the received signal from a mobile station
if the training sequence is not already known. An adaption
-means then adjusts the spatial filters in order to enhance a
‘ 30 desired spatial channel while suppressing other spatial
' - channels based upon either the known or detected training
' sequence. The term “treining sequence” is used to denote any
' : part of the desired si-gnal-, believed to uniquely dis’tinguish
the desired signal from the int'erf'erixig signals. The training
35 sequence can be used, either diﬁectly in the adaption, or
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indirectly as it is used for the MLSE detection. The indirect
method implies that infométidn’is feed back from the channel
estimation and detection to the adaption algorithm. A channel
estimation means .then comgautes estimate impulse responses for
each désired channel based on the training sequence and the

cutput of the adjusted spatial filters. A supervising means

can then determine whether the mobile stations are spatial
separat;eci by at least a predetermined amount. Finally, an
MLSE detector means for each of the mobile stations detects a
data signa.ll from each mobile station from said received
signals based upon the estimated impulse responses.

Another embodiment of the present invention discloses a -

transmitter with antenna arrays for use in a cellular com-
munication system with a plurality of mobile stations. 1In
addition, the transmitter contains a spatial filter connected
to an antenna array wherein the spatial ‘filter has as many
outputs as there are array elements and as many inputs as

.there are spatial ch_a_nnels; A splitting means then splits
‘data to be transmitted to each mobile station into a number of

paréllel data streams, the number of parallel data streams
corresponds with tlie number of spatial channels in the system,
wherein the data streams, are delayed based upon uplink
measurements. Finally, power allocation means is provided for

‘allocating transmission power to each possible channel based

upon long-term SNR measurements on the uplink.
_ In accordance with another embodiment of the present
invention , the transmitter and receiver described above can

be combined into a single transceiver.

BRIEF DESCRIPTION OF THE DRAWINGS
. The features and advantages of the present inventionwill
become apparent from reading the following detailed descrip-
tion in conjunction with the drawings, in which: _
" Fig. 1 illustrates a portion of a cellular 'mobile
communication systenm having cells, a mobile switching center,
base stations, and mobile stations; .
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2. converge on the array fromvarious directions. By properly conbining

‘the ante Lputs, it is possible to .extract individual the
recei vedn@pgg#pom ti oms ﬁy@nasla‘eert McedCcCcupy t he sane frequekgg'%gié l S

.then_possible to disti spatlally separated users by u3|ng
narr ow ddaptfve antenn can be’vi ened as a way to utilize
orthogonal ity |nthes _
~ Fig. 2 illustrates a block dlagram of a receiver struc-
ture for one channel according to one embodiment of the

. preseni inventign:
Fig. 3 illustrates ‘a block diagram of a transmitter

5 structure for one channel _according to one embodiment of the
present invention; ' '
Fig. 4 J.llustrates a block dlagram of a transceiver
according to one embodlm_ent of the present invention; and
Figs. 5(a)=(b) illustrate separate and'joint detectors
10 for individual mobile stations. '

DETAILED DESCRIPTION OF TEE DIBCI;OS_URE
The invention is primarily intended for use in base
stations for digital cellular systems, for example, GSM, ADC,
and PDC base stations, although it will be understood by those
15 skilled in the art that the present invention can also be used
in other various communication applications. .
_ Figure 1 illustrates ten cells C1-C10 in a cellular
mobile radio system. Normally, a cellular mob ile radio system
~ would be implemented with more than ten cells. However, for
20 the purposes of simplicity, the present invention can be
explained using the simplified representation illustrated in
Fig. 1. For each cell, C1-C10, there is a base station B1-B10
with the same re_fererice number as the corresponding cell.
Fig. 1 illustrates ‘the base stations as situated in the
25 vicinity of the cell's ‘center and having omni-directional
antennas. According to one embodiment of the present inven-
‘tion at least one base station is provided with an array of
antennas. N ' ,
Fig. 1 also illustrates nine mobile stations M1-M9 which
30 are movable within a cell and from one cell to another. In a
tYpical cellular radic system, there would normally be more
_ than nine cellular mobile stations. In fact, there are
. typ:.cally many times the number of mobile stations as there
' are base stations. However, for the purpose of explaining the
35 present invention, the reduced mmber of mchbile statians is sufficient.



The use of antenna arrays inplies that the detector structure in a receiver -
nmust be.npdified Tenporal and spatial:synbol interference su st s the
possi bi | i Y% GRS, ngTﬂ@SﬁEtl-faEBmeqiagems directions in a co

Spatial - |y separated mm uﬂEuHu t si rrply be added due to the terrporal
synbol fnterference need §or a joint detection of var| ous
. propagati on paths. m | i kel i hood sequence estimator" (M.SE)
sol uti on has been proposed for the jOInt detection of all nobiles using a
O e o oF Ao PELULLED, 80 Ut B SE o, 35 SR conear
of the detectMsci srhbemdbibetsﬁhtﬂﬂtmd QEnaeMd:a.Hﬁtﬁted-lmmmg,. 1his
joint MSE SO' Utl &lted to all ten base stations B1-Bl0 by cables. The
mobile switching center MSC is also connected by cables to a
5 fixed switching telephone network or similar fixed network.

' All cables from the mobile switching center MSC to the base
stations B1-Bl0 and cables to the fixed network are not
illustrated.

, In addition to the mobile switching center MSC il-
10 lustrated thev-e may be another mcbile switching center
con’nected by cables to base stations other than those il-
lustrated in Fig. 1. Instead of cables, other means, for
example, fixed _radio links may be used for connecting base
stations to the mobile switching center. The mobile switching

15 center MsC, the base stat:.cns and the mobile s..at:.ons are all

computer controlled. _
Signals propagating between mobile stations and base

stations are in the form of a number of physical approximately
plane waves which have different directions of arrival at the

20 antenna array of a base station. Each plane wave which
carries a non-negligible signal power defines a spatial
channel between the mobile station and the base station.
Flgure 2 illustrates a block dJ.agram of a receiver 10 accor-
ding to one embodiment of the present invention which can be

25 located at a base station. The receiver 10 has an array of
antennas 12 which are spatially distributed. The antenna
array 12 receives a vast number of radio signals from the
mcbile stations operating in the cellular system. The radio
signals arriving at the array elements are temporally fil-

30 - tered, amplified and modulated down to baseband in a well
known 'manner,' preserving the spatial characteristics of the
signal. The signal can also be preprocessed in any kind of
analog beamforming, such as for example, a Butler matrix. The
signals are received in a spatial filter 14.  The SPatial

35 filters éan be implemented at baseband as an arithmetic unit
in a digital signal proéessor, in a ASIC or in any arithmetic
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el énents in the array and with the nu -of nobiles to be-'oi nt |

det ect edWO 95/2287An ot hahis Skeedd ure ‘is disclosed in 1¥ve
Array for Mbile Oom‘ru ﬁ{ /" S. Andersson et aI ., | EEE Trans.
on Veh:s Tech., Vol. 30 236 (Feb. 1991), in which a spatial

filter-is opt| m zed by arl ous nmet hods and the.performance is eval uated by
the signal-to- noise ratio. However, this article does not discuss

transm s- sion nor the problens assomated with inters nbol i nter- fefence
Yet anot her nadgi worisingicvith iGighsl oseapphed osig onmbTRAenFRatE1al

Digital Mbilg,Badis0O Wi hateshyeeimplbfénced using phase shifters and
a*':.able ample:.cat:l.on at a radio frequency or at high
intermediate frequency, as described in "Array Technology"”,
5 R. Tang et al., Proceedings of the IEEE, Vol. 80, No. 1,
January 1992. Another possibility is to use a Butler matrix
. to form a number of fixed lcbes, wherein the adaption network
can then pick the best lobe using any optimization criteria to
maxz.m:.ze quality.
10 A known training sequence is then prov:.ded to an adaption
means 18. The adaption means 18 ad]usts the spatial filters
14 so as to enhance a desired spatial channel while suppres-
sing other spatialphann'eis. The adaption means 18 can adjust
the spatial filters in a variety of ways, for example,
15 direction of arrival estimaticn combined with classification
and weighting, direction of arrival estimation combined with
least squares minimization of an error signal, direction of
arrival estimation with least means sguares minimization of
an error sig‘rial, and dire’ctibn of arrival estimation combined
20 with a gradient qptimizing'method. Furthermore, the adaption
" means 18 can optimize the spatial filters using any known
~ optimization methed, such as, least squares, least mean
squares, or gradient optimization algorithm, wherein the
training sequence is used as the des:.red signal. ©One such
25 manner is disclosed in- “An Adapt:.ve Array for Mobile Com-~
munications", Soren Andersson et al. + IEEE Transactlons on
Vehicular Technology, Vol. 40, No. 1, pp.230-234 (Feb 1991),
which is J.ncorporated herein by reference.
The adaption means can also pick one, or a number of
30 filters out of a predetermined set of filters using power
~estimates and quaiity measurenents from the MLSE detector. A
filter which gives large power is picked and used to filter
out a signal, the signal is used as an input to the MLSE
. . detector and adaption légic judges from the quality of the’ |
35 MLSE output whether this is a sufficiently good filter.



ference," J.H Wnters, |EEE Trans. on-Veh. Tech., pp. 144-155 (Aug. 1984) ', '
wherein the spatial filter is trained using detected data and a
Least - Mecawdposizsess al gorithm  Wnters : PCT/SE9SS/00125
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A channel estimation means 20 then computes estimated

- impulse response signals for each desired channel based on the
training sequence and upon the output from the adjusted

spatial filters. The channel estimation means 20 uses the

§ training sequences and the output of the spatial filters to

compute estimated impulse response signals of the channels by

using several different methods, for example, a least squares

method, a least means squares method, and a grad:Lent iden-

tification metho_d. For example, the following algorithms can

10 be used to compute the estimated impulse responses, wherein

the output of the spatial filter is denoted y(k) and the
training sequence is denoted d(k). The channel filter H(q™"), -

where q! is the backward shift operator g’'y(k)=y(k-1), is

determined so that the squared difference [y(X)-HE (g hd (k)12

15 is minimized. In other words, determine:

s N
a:gm}n z: b’(i) -B{gq™) d(i)]z This Sheet Has Been Repl
. -1 )
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The receiver 10 can also contain a supervising means 22
which determines whether the mobile stations are spatially
separated by at” least a predetermined amount by using the

20 spatial filters. The supervising means 22 could, for example,

 compute the inner product of the spatial filters used to

' filter out the signals from the mobile station. By denoting

the filter for the first mobile station as'Wl and the filter

for the second mobile station as W2, the inner product between

25 W1 and W2 can be used as a separation measure. A small product

indicates almost no disturbance between the mobile stetions,

while a large product would indicate ‘that the two mobile

stations are close together. If it is determined that the

_ mobiles are not separated by at least the predetermined
30 amount, one mobile is directed to another channel.

A MISE detector 24 then uses the estimated impulse
response and the output signals from the adjusted spatial




proposes that the ' eiver filter are also used for

-transm ssi on. ver,, thIS article assunes flat fading, i.e., NQnnra
[ ntersynﬂ"é?gm-é‘rfe epl data can be detected l?grf‘%gdﬂ%“gpat i al
-filter followed by a H Anot her proposed receiver sol ution
suggest'$ the use of ltiple®or" using a spatial filter,
conputation of relative deI ays and coherent conbi nation. However, this
receiver solution can not handle tenporal nultipaths fromone direction. As
“aresult, this solution wuld not be feasible in systens, such as GSM

where each sBalFars:hgidetsahidle daka Siopad ERPRSIGR é’i%k%%%lsﬁ-?‘ﬁb?? ef’nce
over 2 or 3 gN@bpbEeived signal. The MLSE detector can be any detector

which can be used to detect a data signal transmitted through
a linear filter and corrupted by ncise. For example, the MLSE
5 detector can be approximated with a decision-feedback
equalizer or a linear eqﬁalizer with a threshold detector.
According to one embodiment of the present invention, the MLSE
detector means is implemented as a Viterbi detector or as a
fractionally spaced Viterbi detector. In one embodiment of
10 the present inventicn., the Viterbi detector is a multi-input,
single output detector which uses the estimated impulse
resi:onse signals for the channels where the inputs consist of
the cutputs-frbm the spatial channels. As illustrated in Fig.
5a, separats detectors are generally provided for each mobile
15 station when the mcbile stations are sufficiently separated.
However, according to one embodiment of the present invention,
the supervising means can order the joint detection of non-
separ'atsd mobiles in a six_'lgle'loIISE .detector means, as il-
lustrated in Fig. Sb, since the signals from the mobile
20 stations, MS1 and MS2, can not be separated by linear spat:.al
fllterlng. : - : _

In ancther embodiment of the present invention, a
training sequence generator can be used to determine a
training sequence in.a received s:.gnal when the pre—-defined

25 traln:mg sequence is not kriown or is not unique. One way to
create a unique sequence that can be used to adapt the antenna
array is to first d_etect the data burst using the antenna
weights from the last burst. The entire data burst, which
differs for different mobile stations, can then be used to

30 update the antenna weights.

Figure 3 illustrates a block diagram of a transmitter
according to one embodlment of the present J.nvent:.on. The
transmitter 50 contains data splitters 52 for splitting data
to be transmitted to each mobile into a number of parallel

35 data streams, the number of parallel data streams corresponds

| with the number of spatial channels in the systen, wherein the
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provide a_transnitter e els up which includes a det

struct ur eVPIFRER wi t e&%&eenﬁe 2ced whi ch over cones the ok er@XB?ﬂr’and

~intersynbol !nterferen HIMHM%H ed above with respect to conventional
syst ens. * One enbo reseritO I nvention discloses a receiver

with an antenna array for use in a cellular com nunication system

containing a plurality of nobile stations. A spatial filter neans contains

up to one input for each antenna el ement of the antenna array and one
out put for eadatamtiesmsrrecielaradpbasedanen Mpligneassyrenenfsouptie

I nt o . split data is then sent to a power allocation means 54 for
allocating transmission power to each possihie channel using
long-term SNR measurements on the uplink. For example, long

S term uplink measurements can be used to determine quality
ratios for the spatial channels. If the uplink quality for
each of the spatial channels is equal, then each spatial
channel should ;ecéive the same amount of power for the
downlink signals. However, if one of the spatial channels has

10 a better uplink quality, then that spatial channel should be
 allocated more power for the downlink signals. The power
allocation is also depehdent upon the overall quality; if, for
example, the C/I is low'enough, there _j.s less reason to
~ transmit in multiple spatial channels.

15 The resulting signals are then sent to a spatial filter
56 which has as many outputs as there are array elements and
as many inputs as there are spatial channels. The resulting
sigﬁal is then transmitted to mobile stations in the system

- using the antenna array 58. The weights for the spatial

20 transmit filters should be computed from the uplink measure-

' ments. For examplé,_ if different up and down link channels
are used, one can average the sp'atial' receive filter over the
short-term fading, 'compensate the filter weights for the
frequency differexice, ‘and then use the averaged and compen-
25 sated filters for transm:.ss:.on.
Accord:.ng ‘to another embod:.ment of the present lnven-
tion, the receiver and transmitter can be combined into a
transceiver 60 as illustrated in Fig. 4. Since thé components
are the same as those illustrated in Figs. 2 and 3, like
- 30 numerals have been used throughout the figure, and the
descr:.pt:l.on for how each element of the transceiver works is
as described above wJ.th reference to the descrlpt.mns of the
- elements of the receiver and the transmitter.
It will be appreciated by those of ordinary skill in the
35 art that the present invention can be embodied in other
. specific forms without departing from the spirit or essential




one group for each nobile station. The present invention can also include a
trai ni ng sequence detector which detects a training sequence,]

recei ved W2 om a nobile station if the training seque%%églﬁ?)‘tﬁ

al ready known. An adaption neans then adjusts the spatial filters in order
to enhance a desired spatial channel while uppressing other spatial
channel s based upon elther t he known .or detected training sequence. The
term"training sequence" is used to denote any part of the desired signal,
believed to uniquely distinguish the desired gnal fromthe |3t,erfer| n

signal s. The CHAGTAGHES SRAFRRL catlife RERISN Yh@?‘s‘af?%ﬁ‘tilﬁw tfgnts ate

adaption, or therefore considered in all respects to be illustrative and

not restrictive. The scoée of the invention is indicated by

the appended claims rather than the foregoing description, and

5 all changes which come within the meaning and range of
equivalence thereof are intended to be embraced therein.
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1. A receiver u_sing antenna arrays in a cellular-
communication system including a plurality of mobile stations
comprising: T

5 means for receiving a szgnal,
spatial filter means with up to one input for each'
antenna element and one output for each spatial channel;
adaption means for adjusting the spatial filters in
order to enhance a desired spatiai channel while suppressing
10 other spatial channels. :
channel estimation means for comput:.ng est:.mated
impulse responses for each desired channel based on training
sequences and said output from said spatial filters; and
MI.SE detector means for each of the mobile stations
15 for detecting a data signal broadcast from each mobile station
in said received signal based on said estimated impulse
responses and said ozi‘t_puts of said spatial filter means. . '

2. A receiver according to claim 1, further compri-
sing: _ B
- 20 means for determining a training séquence in said
received signal when said training sequence is not known.

3. A receiver according to claim 1, further compri-
sing: - - ' _
. superv:.s:.ng means for determining whether _the
25 mobile stat:.ons are spatially separated by at least a prede-

termined amocunt.

4. A receiver according to claim 3, wherein said
superv:.szng means uses said spatial filters and said estimated
~ impulse responses in determ:.n:.ng whether the mobile stations |
30 are spatially separated by at least a predetermined a_mount.

5. A receiver 'acc':oi‘ding to claim 3, wherein said
superv:.s;ng means uses information from the MLSE detector J.n



indirectly as it is used for the M.SE detection. The indirect nmethod |
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detection to the adaption algorithm A channel e
conputes estimate inpul se responses for eagl desir ed on the
trai ni n§ sequence and the output of the adj usteii@l im, lﬁj II!LA
supervi sing neans can then determ ne whether th e

unt. Finally, an M.SE
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'6.. A receiver according to claim 1, wherein the
adaption means adjusts the spatial filters.

5 7. A receiver according to c_laim 6, wherein the
adaption means adjusts the spatial filters by using direction-
of-arrival estimation combined with classification and

' weighting.

8. ‘A receiver according to claim 6, wherein the
10 = adaption means adjusts the spatial filters by using direction- -
of-arrival estimation combined with least squares minimiza-

tion of an error sigmal.

9. A receiver according to claim 6, wherein the

adaption means adjusts the spatial filters by using direction-

15 of-arrival estimation combined with a gradient optimizing
method. | '

. 10. A receiver according to claim 6, wherein the
adaption means optimizes the spatial filters using an op- -
timization method and the training sequence as a desired

20 signal.

11. A receiver according to claim 1, wherein the
adaption means picks a number of filters out of a predeter-
mined set of filters. ' '

12. A receiver according to claim 11, wherein the

25 adaption means picks a number of filters out of a predeter-

mined set of filters ~using power estimates and quality
measurements from the MLSE detector.
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transmtter with antenna arrays for use in a cellular com nuni cation
system wi t"HO2SBBiF al ity of nobile stations. |n.adeitd YRS 26 er

contains a spatial filter connected to an antenna arran wherein the spati al

filter has as many outputs as there are arR4y el Enﬂwﬂ mngllmnmltgpgtes

as there are:spatial channels. A splitting nean A

transnmitted to each nobile station into a nunber’ of par al'l e dat a* streans,
t he nunmber of parallel data streans corresponds w th the nunmber of spati al
‘channel s in the sydtiem MhEeSeiviaie A8CRTILPGarke Slaifel dyedwhesednupeie

uplink neasur it ildn tldahs R t2hlifsali S8HEREESs | Snd! QY AR @t from
al l ocating transm ssion power to each possible channel  based_upon |long-term

SNR measur eneite (ﬁpa(qféﬂupﬁ.iglers to cCompute estimated impulse response
: signals of the channels. ' _

5 14. ‘A receiver according to claim 13, wherein the
estimation means uses training sequences and the output from
the spatial filters to’ cémpute estiﬁnated impulse response
sighals of the channels by using a 1ea§t-squarés'méthod.'

_ 15. A receiver according to claim 13, wherein the
10 estimation means uses train-ing sequences and the ocutput from

the spatial filters to compdte estimated impulse resporse

signals of the channels using a least-means-sguare method.

16. A receiver according to claim 13, wherein the

estimation means uses training sequences and the output from

15 the spatial channels to compute estimated impulse response

' signals of the éhannels using' a gradient identification
method. | '

17. A receiver according to claim 3, wherein the
supervising means directs spatially non-separated mobiles to
20 other channels. '

18. A receiver accorciing to claim 3, wherein the
supervising means orders joint detection of non-separated
mobiles in the MLSE-~-detector means.. '

19. A re‘ce_iver according to claim 1, wherein the spatial
25 filters are adjusted to enhance the signal propagating from
the mobile in one or more spatial channels while suppressing

other incoming signals.

20. A receiver according to claim 1, wher’_einl'the MLSE- -

detector means is implemented as a Viterbi detector.
_ IRt
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I'n accordance wi t h anot her enbodl ment. of the present invention
transni t MR 93873 ecei ver descri bed above can be conbi ned |ﬁg’g§9§’PWgFe

transcei ver. BRI EF DESCRI PTI ON OF THE DRAW NGS - The features and
advant ages of the present invention wll b&cone appar en ll

fol l owi ng -detail ed descrip- tion in conjunction wth, th,ell mmlnﬁmmmﬁ"[m
whi ch: Fig. 1 illustrates a portion of a cellular mSbi Fe komursi cati on-
system having cells, a nobile switchi ng‘i center, bgse stations, and nmpbile
st'ati ons; 21. A receiver according to claim 1, wherein the MISE

detector means is implemented as a dec1510n-feedback detec-

' tor.

22. A receiver according to claim 1, wherein the MLSE
5 detector means is implemented as a linear equalizer followed
by a threshold detector.

23. A receiver according to claim 1, wherein the MLSE
~r.ha't:ectcn': means is zmplemented as a rake receiver w:.th at least

one finger.

10 24. A receiver according to claim 20, wherein "the
Viterbi detector is implemented as a fractionally spaced .

detector.

25. A recsiver _according to claim 20, ,ﬁherein the -

Viterbi detector is a multi-input, s_ingie-output detector

15 using the estimated impulse response signals for the channels
and the inputs to the Viterbi sonsist of the ocutput from the

spatial filters.

' 26. A transnpitter using antenna arrays in a cellular
communication system, including a plurélity of mobile
20 stat:.ons, comprising: - ' o
means for transm:.ttlng a s:.gnal,

_ means for splitting data to'be transmitted to each '
mobile into a number of parallel data streams, said number of
parallel data streams correspond.mg to the number of spatial

- 25 channels in the system, ‘'wherein the data streams are delayed

based upon uplink measurements,
power allocation means for allocating transm.ss:.on

power to each posszble channel us:.ng long-term SNR measure-

ments on the uplink; and _

—_—
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spatial filter means with as many outputs as there
are array elements and as many inputs as there are spatial
channels for providing said signal to said antenna array.

27. A transmitter according to claim 26, wherein the
weights for spatial filters are computed from uplink measure- -

ments.

28. A transceiver using antenna arrays in a cellular
communication system, including a plurality of mobile

-stations, comprlslng

means for transmlttlng and receJ.v:Lng a signal;

spatial filter means with up to one input for eaéh
antenna element and one output for each spat:.al channel;

adant:.on means for adjusting the spatial filters in

- order to enhance a desired spatial channel th.le suppre551ng

other spatial channels;
channel estimation means for comput:.ng estimated

mpulse response signals. for each desired channel based on
said training sequence and ‘said output from said spatial

filters: _ : _ _
MLSE detector means for each of the mobile stations

" for detecting a data signal broadcast from each mobile station

in said received signal based on said estimated impulse
response signals and said output of said spatial filter means;

means for splitting data to be transmitted to each
mobile into a number of parallel data streams, said number of
parallel data streams corresponding with the number of spatial

' channels in the system, wherein the data streams are delayed

based upon uplink measurements; and _
power allocation means for allocating transmission

power to each possible channel using long-term SNR measure-

ments on the uplink.

29. A transceiver according to claim 28, further
comprising: _ T

This Sheet Has B
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present I nventi on; ' Fig. 3 illustrates a block diagram of transmtter

struct ur e WO®SR#E3 channel according to one enbodi nent_of th(—:PCHV%%gé’H?xﬁ

i nventi on; Fig. 4 illustrates a bl ock diagram of a transcerver
according to one enbodi nent of the present @L@vention; “

5(a)-(b) illustrate separate and joint detectors for Mmmu"m, m:
.stations. DETAILED DESCRI PTI ON OF THE DI SCLOSURE, * Thie itnven

primarily intended for use in base stations:for di gital cellular systens,
for exanple, GSM ADC, ameRBC frnsleiaamioning & m:wgung sfguenge in said

understood by tRas8veq szgna].-when said training sequence is not known.

~ 30. A transceiver according to claiz 28, further
comprising: o _ |

5 - sypervising means for determining whether the

mobile stations are spat:.a.lly separated by at least a prede-~

termlned amount.

31. A transceiver according to claim 30, wherein said
supervising means uses said spatial filters and said estimated
10 impulse responses for determining whether the mobile stations |
are spatially separated by at least a predetermined amount.

32, a transceiver according to claim 30, wherein said
supervising means uses information from the MLSE detector for
det'e‘rmin'ing whether the mobile stations - are spatially

15 separated by at least a predetermined amount. '

33. A transceiver according to claim 28, wherein the
adaption means adjusts the spatial filters.

 34. A tfanscei_ve_r according to claim 33 , Wherein the
20 adaption means adjusts the spatial filters by using direction
of arrival estimation combined with classification and

weighting.

' 35. A transceiver according to claim 33, wherein the
adaption means adjusts a spatial filters by using direction of
25 arrival estimation w:.th least means squares minimization of

an error signal.

36. A transceiver according to claim 33, wherein the
adaption means adjusts the spatial filters by using direction
of arrival estimation combined with a gradient optimizing

30 method.
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skilled in the art that the present invention can also be used in other
vari'ous CQIr |.cation applications. Figure 1 illustrate € S
Cl-C10 i n%gg-z?& ar nobile radio system Nornally, a_ceJ_lJ,l_PgTIsEr%’gﬁ’?g radi o
system woul d be inplemented with nore than ten cells. Hovvevm
purposes of sinplicity, the present invent}®n can be zﬁmm:mm ' e
sinplified representation illustrated in Fig. 1. For. nﬂmjlm
there is a base station B1-B10 with the same reference hurber ad the *
corresponding cell., Fig. 1 illustrates the pase statjons as situated in the

vicinity of the cePT's BefF@RSHRFVFH iIFHMINGI TG I3 Int'HREein the
According to adg€peibadmeans dptiwizeesene spacthalt ifddtatsl ersingnen bage

station I_ S prgﬂgzegt%;!hmae%% agngf the-training sequence as a desired

signal.

5 - 38. A 'transceiver'acc'ording to claim 28, wherein the
adaption means picks a .number of filters out of a predeter-

‘mined set of filters.

39. A transceiver accordihq to claim 38, wherein the

adaption means picks a number of filters out of a predeter-

'10 mined set of filters using power estimates and quality
measurements from the MLSE detector. '

40. A transceiver according to ‘claim 28, wherein the
estimation means uses training sequences and the output from
the spatial filters to compute estimated impulse response

15 signals of the channels.

'41. A transceiver according to claim 40, wherein the
estimation means uses 'training seqﬁences_ and the output from
the spatial filters to compute estimated impulse r"e'sponse

- signals of the channels by using a least squares method.

20 42. A transceiver aécording to claim 40, wherein the
estimation means uses training sgquené:es and the output from
the spatial filters to compute estimated limpulse response
signals of the channels using a least mean squares method.

43. A transceiver according to claim 40, wherein the -

25 estimation meahs uses tra_i’ning séquences and the output from
the spatial filters to compuﬁe ‘-estimated impulse response
'signals of the channels using é gradient identification

method.
/
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antennas. ~ Fig. 1 also illustrates nine nobile stations ML-M ‘which are
nmovabl e w0 §5/728%3 cel—l—aﬁd—f—ﬁem—m&e—eel | to another. In a tPETEEPSBYHRS ul ar

»radi o system ther be nore than nine cellular nobile .
stations. In fact Jm w IIy nmegy tinmes the nunber of nobile
stations as-there However,- for the purpose of expl aining

the present invention, the reached nunber of nobile stations is sufficient.

44. A transceiver according to claim 30, wherein the
supervising means directs spatially non-separated mobiles: to

other channels.

45. A transceiver according to claim 30, wherein the
5 supervising means orders. joint detection of non>separated
mobiles in the MLSE detector means. |

46. A tranéceiver according to claim 28, wheréin the
spatial filters are adjusted to enhance the signal propagating
from the mobile in one or more spatial channels while suppres-

10 sing other incoming signals.

~ 47. A transceiver according to claim 28, wherein the
MILSE detector means is implemented as a Viterbi detector.

48. A transceiver according to claim 28, wherein the
MLSE detector means is implemented as a decision-feedback

15 detector.

49. A transce:.ver according to claim 28, where:.n the
MLSE detector means is implemented as a linear equalizer
followed by a threshold detector.

50. A transceiver 'acc_ording to claim 47, wherein the
20 Viterbi detector is implemented' as a fractionally spaced

detector.

51. A transceiver according to claim 47, wherein the

Viterbi detector is a multi-input, single output detector

using the estimated impuise' response for the channels and the

- 25 inputs to the viterbi consist of the output from the spatial

filters.
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6 " Alsoillustrated in Fig. 1is a nobile. switching cen%?%S The
nobi | e Sy bg@zﬁscenter MSC-illustrated in Fig. 1is conneELAFET ten ’
base stati ons B10 by cables. The nobile sw tching cemter MC+s—atso

connected by cables to a fixed sw tching el ephone ar fixed
etk A o

wherein the

52. A transceiver accordmg to claim 28,

. uplink
weights for spat:.al transmit filters are computed from up tnk

measurements averaged over the fast fading.
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WO 95/22873 R PCT/SE95/00125
All cables rom the nobile switching center VsC to t he base stations Bl-B10.

and cables to the fixed network are not "i'l | ustrat ed. In addition to
the-nobile switching center MSC il - Y¥strated, there may be anot her nobile
swi tching center connected by cabl es to base stations‘ ot her than those il -
‘lustrat:ed in Fig. 1. Instead of cables, other neans, for exanple, fixed

radi o | inks nmay be used for connecting base stations to the nobile
switching center. The nobile switc fc, t he base stations .and
the nobile stations are all conput Gﬁnﬁn Si gnal s propagati ng
bet ween nobil e stations and base statlons Are in the formof a nunber of
physi cal approxi mately

1

|
)
)
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pl ane mavq§ yhyb4zhs have d|fferent directions of arrival at tthﬁn@gmmasarray
of a base statlon Each pl ane wave which carries a non-negligible signal
power. defines a spatial channel between the nobile station and the base
station. Figure 2 illustrates a bl ock ZdiEagram of a receiver 10 accor- ding
‘to one enbodi nent of the present invention which can be |ocated at a base
station. The receiver 10 has an array of antennas 12 which are spatially
~distributed. The antenna array 12 receives a vast nunber of radio signals

- fromthe nobile stations operating in the cell:ular system The radio
signals arriving at the array elenents are tenporally fil- tered, anplified
and nodul ated down to baseband in a well known nmanner, preserving the
spatial characteristics of the '

= :7.
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\ﬂ( T T T // SEQUENCE
SPATIAL - asaeror 2"
FILTER :4 _ orran L
11 1 | |
CHANNEL 20 'f'.ff/.lflArEp . |2
| Esgg,%” ~ IRPULSE RESPOISE ?f TECTOR
suPERVISING | 4 OETECIED
HEARS
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si-gnal . Thﬁﬁs&?ﬁh can al so be preprocessed in any kind of 5100125
beanf orm ng, -'such as for exanple, a Butler matrix. The signals are réceived
in a spatial filter 14. The spatial filters can be inplenmented at baseband
as an arithnetic unit in a digital S|gnsal processor, in a ASIC or in any
arithmeti c

7. 5
30 -
/

(11
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o) 2] [07] [0 |-52 - ndy] e 4
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“'Fur t her.nor e,

meane# 18 %The  adapti on neans 18 adj usts-the spatial filter PCISESSORISSt O -
enhance awipssiness spatial. channel- whi | e suppres- sing other spati al _
channel s: The adapti-on .neans 18 can. adj‘ust the spatial filters in a variety
of ways, for exanpl & - di rectian of’ “ar§isval esti mation conbi ned with '
classificati g\/a—nd wei ght LRy, ‘direction of arrival estimation combined W th

| east sqtrarés m nim zagion of an e.m—g-namrect ion of arrival
of an error signal, and

estimation with I/S%s/t/rfeans squar, m'rmza :
direction of arri estimation donbined 4ith a gradi ent optim zi ng nmet hod.
HE adapti on rreans 18 can opt| mze the spatial filters using

ot g knOWfl/ i m zat i on met hod, h as, st squdres, |east nean squares,
_oragr/a,d;i’ent opt| m zation al gorl t h vvherel n the _
| SPAr/Az FILTERS
el HST] SIGHAL HS2
mf | HLSE |
l MR
%‘% W52
| 'sPAr/AL FILTERS
slemAL WS3| SIGNAL WS2+MSI
B MLSE
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training- sequence IS used as the desired si gnal R_afec;_ﬁw ?f e |s""'m'3""“"’s

di scl osedin "A
Ander sson et al .,

1, pp.230-234 (Feb. 1991),
The adapti on neans can al so pick one,
predeterm ned set of filters using power estir

"An Adaptive Array for
| EEE Transacti ons on Vehi cul
whi ch i s incorporat
orl a nun

fromthe MSE det ect orraNstEIvER

to filter

nut a si gnal

t he signal

Mobi |l e Compr

cop !

muni cat i ons", §Sgren

ar Teghnpkogqy olf. 40, No.
ed herein by refiefjence.
ber—of—fTtters—outf of a

mtes and quality asurenents

WRkakg§ pi cked and used

Is used as an 1 nput to the M.SE detector
es fromthe quality of the M.SE output whether this

and adaption | ogic JU
is a sufhc@ﬁ?%

5a%: FHvRY¥TION

Present invention relates to a cellular communication
system with adaptive antenna arrays, and more particularly to
a transmitter and receiver set-up for improving the spectral
efficiency  and the capacity of cellular communication
systenms.

BACKGROUND OF THE INVENTION _
- The cellular industry has made phenomenal strides in
commercial operations in the United States as well as the rest
~of the world. The number of cellular users in major metropo-
litan areas has far exceeded expectations and is ocutstripping
system capacity. If this trend corntinues, the effects of the
rapid growth will soon be achieved even in the smallest
markets. Innovative solutiohs are thus required to meet these
increasing capacity needs as well as to maintain high-quality
service and avoid raising érices. Furthermore, as the number
of cellular users increases, the problems associated with co-
channel interference become of increased importance.
Current digital cellular systems employ base stations
which separate signals from mobile stations using time and
frequency orthogonality. Signals from a mobile propagate to
a base station and the signals are received in a single or
sometimes double antenna. The receiver processes the signal
using time and frequency orthogonality to separate signals
from different users. It is then possible to equalize and
detect the signals. .While techniques such as frequency
hopping and advance coding techniques provide ways to reduce
the effects of co-channel interference, they are inherently
limited by the available frequency spectrum. However, the use
of the directional sensitivity of adaptive antenna arrays
offers a new way of reducing co—channel interference. An
adaptive antenna array consists of an array of spatially
distributed antennas. Signals from several transmitters

l‘LPL ACED 5§ 5G
stion : paged ....... 1o paged ..........
spaged . 1o paged .22

: paged B topaged. B
cpaged .8, topaged .. T




8 ¢ A channel estimation neans 20 then conputes estimated
| mpul se response signals for each desired channel based on the

converge on the array from various directions. By properly
combining the antenna outputs, it is possible to extract
individual signals from the received superposition, even if
they occupy the same frequency band. It is then possible to
distinguish between spatia{l.ly separated users by using narrow
adaptive antenna lobes. This can be viewed as a way to
utilize orthogonality in the spatial dimension.

The use of antenna arrays implies that the detector

_structure in a receiver must be modified. Temporal and
spatial symbol interference suggests the possibility of using
power from various directions in a constructive way. Spatial-
ly separated signals can not simply be added due to the
temporal symbol interference. There is thus a need for a
joint detection of various propagation paths. A "joint
maximum likelihood sequence estimator® (HiSE) solution has
been proposed for the joint detection of all mobiles using a
channel. The joint MLSE' solution can be implemented as a
channel identification followed by a multi-input Viterbi
detector, where the output of the detector is the detected
data for a mobile station.  However, the joint MLSE solution
is prohibitively cdmplex. The complexity grows very fast with
the number of elements in the array and with the number of
mobiles to be jointly detected. -

Another receiver structure is disclosed in "aAn Adaptive
Array for Mobile Communication Systems," S. Andersson et al.,
IEEE Trans. on Veh. Tech., vol. 40, no. 1, pp. 230-236 (Feb.
1991), in which a spatial filter is optimized by various
methods and the performance is evaluated by the signal-to-

' noise ratio. However, this article does not discuss transmis-
sion nor the problems associated with intersymbol inter-
ference.

Yet another receiver structure is disclosed in "Optimum
Combining in Digital Mcbile Radio with Cochannel Inter-
ference," J.H. Winters, IEEE Trans. on Veh. Tech., pp. 144-155
(Aug. 1984), wherein the spatial filter is trained using
detected data and a Least-Mean-Squares alqorithm; Winters
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trai ni ng sequence and upon the output fromthe adjusted spati al

filters., The channel estimation nmeans 20 uses the . training
sequences and the output of the spatial filters to © conpute
estimated i npul se response signals of the channels by usi ng several
di fferent nmethods, for exanple, a | east sq@uares met hod, a | east
means squares method, and a gradi ent iden- tification nethod. For
exanpl e, the foI | owi ng al gorithns can be used to corrpute t he
estlrratedlrrp 28 J83P the o thes at ] al
filter is den °(§’°)§F% gﬁﬂgs’i’h’e Vd ks LEPR Fﬁ’ﬁg’%‘éﬁftdp §‘eﬁeﬁ5geﬂiﬁ? k) .
The channel fiusesy ﬂq@‘qpmwission. Howevear, ]arrtéCﬂ-Heabamaarﬂlatn ft

operator q[er rﬂa\di SY{ ke. )nc'ﬁxtersymboldﬁx@éﬂé}.%cipsé fﬁ‘x’;attﬁ?e A’ &kh
gg{ Lre;n_ezg:e [y(bke) de g&@e& ]uls%g) M: ;Jatia.l filter :m lg.oweé%y a'.I crglug}: zrei-l\{o rds,

Another proposed receiver solution suggests the use of

a "spatial demultiplexor® using a spatial filter, computation

of relative delays and coherent combination. However, this

receiver solution can not handle temporal multipaths from one

' direction. As a result, this solution would not be feasible

in systems, such as GSM, where each spatial .radio channel

typically creates intersy‘mbal interference over 2 or 3

symbols. -

SUMMARY OF THE DISCLOSURE

" It is the object of the present invention to provide a
transmitter and receiver set-up which includes a detector
structure for use with antenna arrays which overcomes the
complexity and intersymbol interference prob].ems cited above
with respect to conventional systems.

One embodiment of the present invention discloses a
receiver with an antenna array for use in a cellular com-
munication system containing a plurality of mobile stations.
A spatial filter means contains up to one input for each
antenna element of the antenna array and one output for each
spatial channel wherein the output channels are grouped into
one group for each mobile station. The present invention can
also include a trai.ning sequence detector which detects a
training sequence in the_ received signal from a mobile station
if the training sequence is not already known. An adaption
means then adjusts the spatial .filters in order to enhance a
désired spatial channel while suppressing other spatial
channels based upon either the known or detected training
sequence. The term "training sequence®” is used to denote any

. part of the desired signal, believed to uniquely distinguish
the desired signal from the interfering signals. The training
sSequence can be used, either directly in the adaption, or
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[err] ; where Nis the length of the training sequence.

The receiver 10 can also contain a supervising neans 22 whi ch
determ nes whether the nobile stations are spatially separ at ed by
at | east a predeterm ned anount by using the spatial filters. The
supervi sing neans 22 could, for exanple, : conput e the i.nnér product
of the spatial filters used to filter out the signals fromthe

nobil e station. By denoting 4

indirectly as it is used for the MLSE detection. The indirect
method implies that information is feed back from the channel
estipation and detection to the adaption algorithm. A channel
estimation means then cdmputes estimate impulse responses for
each desired channel based on the training sequence and the
output of the adjusted spatial filters. A supervising means
can then determine whether the mobile stations are spatial
separated by at least a predetermined amount. Finally, an
MLSE detector means for each of the mobile stations detects a
data signal from each mobile station from said received
signals based upon the estimated impulse responses.
Another embodiment of the present invention discloses a
transmitter with antenna arrays for use in a cellular com-
munication system with a plurality of mobile stations. 1In
addition, the transmitter contains a spatial filter connected
toc an antenna array wherein the spatial filter has as many
outputs as there are arr3gy elements and as many inputs as
_there are spatial channels. A spl_ittj.ng means then splits
data to be transmitted to each mobile station into a2 number of
parallel data streams, the number of parallel data streams
corresponds with tlie number of spatial channels in the system,
wherein the data streams, are delayed based upon uplink
measurements. Finally, power allocation means is provided for
allocating transmission power to .each péssible channel based
upon long-term SNR measurements on the uplink. '
In accordance with another embodiment of the present
invention, the transmitter and receiver described above can
be combined into a single transceiver.

BRIEF DESCRIPTION OF THE DRAWINGS
The features and advantages of the present invention will
become apparent from reading the following detailed descrip-
tion in conjunction with the drawings, in which:
Fig. 1 illustrates a portion of a cellular mobile
communication system having cells, a mobile switching center,
base stations, and mobile stations: '
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the filt

er for the first nobile station as W and the filter for

the second nobile station as W2, the inner product between WL and
W2 can be used as a separation nmeasure. A snall product : i ndi cat es
al nost no di sturbance between the nobile stations, while a | arge
product would indicate that the two ngpbile stations are close

t oget her.

at | east
anot her
I mpul se

If it is determ ned that the nobi | es are not separated by
t he predeterm ned amount, one nobile is directed to
channel . A MLSE detector 24 then uses the estimated
Fig.egpbhivstrates Rebdock diagnpmis &rxegaiverastnusted spati al

ture for one channel according to one embodiment of the
present invention: :

Fig. 3 illustrates a block diagram of a transmitter
structure for one channel according to one embodiment of the
present invention: _

Fig. 4 illustrates a block diagram of a transceiver
according to one embodiment of the present invention; and

Figs. 5(a)=(b) illustrate separate and joint detectors
for individual mobile stations.

" DETAILED DESCRIPTION OF THE DISCLOSURE

The invention is primarily intended for use in base
stations for digital cellular systems, for example, GSM, ADC ,
and PDC base stations, although it will be understood by those
skilled in the art: that the present invention can also be used
in other various comunica.ticn applications.

Figure 1 illustrates tem cells C1-C10 in a cellular
mobile radio system. Nomally, a _cellular mobile radio system
would be implemented with more than ten cells. However, for

'~ the purposes of simplicity, the present invention can be

‘explained using the simplified representation illustrated in
Fig. 1. For each cell, C1-C10, there is a base station B1-B10
with the same reference number as the corresponding cell.
Fig. 1 illustrates the base stations as situated in the
vicinity of the cell's center and having cmni-directional
antennas. According to one embodiment of the present inven~
tion at least one base station is provided with an array of
antennas.

Fig. 1 also illustrates nine mobile stations Mi-M9 which
are movable within a cell and from one cell to another. In a
‘typical cellular radio system, there would normally be more
than nine cellular mobile stations. In fact, there are
typically many times the number of mobile stations as there
are base stations. However, for the purpose of explaining the
present invention, the reduced mmber of mehile stations is sufficient.
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9 filters.to detect the data signal fromeach nobile station in the
received.-signal. The M.SE detector can be any detector which can be used
to detect a data signal transmtted through 4 Ig ' q corrupted
by noi se. For exanple, the MLSE detector can beREIPE%EMEI\h‘t ik Wit h a

deci si on-f eedback
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Also illustrated in Fig. 1 is a mobile switching center
MSC. The mobile switching center MSC illustrated in Fig. 1 is
connected to all ten base stations B1-B10 by cables. The
mobile switching center MscC is_ also connected by cables to a
fixed switching telephone network or similar fixed network.
All cables from the mobile switching center MSC to the base
stations B1-B10 and cables to the fixed network are not
illustrated. ' :

In addition to the mchile switching center MsC il-
lus‘trated, there may be another mobile switching center
conmnected by cables to base stations other than those il-
lustrated in Fig. 1. Instead of cables, other means, for
example, fixed radio links may be used for connecting base
stations to the mobile switching center. The mobile switching
center MSC, the base stations and the mobile stations are all
computer controlled.

Signals propagating between mobile stations and base
stations are in the form of a number of physical approximately
plane waves which have different directions of arrival at the

~ antenna array of a base station. Each plane wave which
- carries a non-negligible signal power defines a spatial
channel between the mobile station and the base station.

- Figure 2 illustrates a block diagram of a receiver 10 accor-
ding to one enbodiment of the present invention which can be
located at a base station. The receiver 10 has an array of
antennas 12 which are spatially distributed. The antenna

' array 12 receives a vast number of radio signals from the
mobile stations cperating in the cellular system. The radio
signals arriving at the array elements are temporally fil-
tered, amplified and modulated down to baseband in a well
known manner, preserving the spatial characteristics of the
signal. The signal can also be preprocessed in any kind of
analog beamforming, such as for example, a Butler matrix. The
signals are received in a spatial filter 14. The spatial
.£ilters can be implemented at baseband as an arithmetic unit
in a digital signal processor, in a ASIC or in any arithmetic



equalizer or .a linear equalizer with a threshold detector.
one enbodi nent of the present invention, the M.SE detector

According to
neans i s

i npl emented as a Viterbi detector or as_a fractionally spaced Viterb

- detector. In one enbodi nent of the present invention, the Viterbi detector
Is a multi-input, single output detector which uses the estimated inpul se
response signals for the channels where the inputs consist of the outputs

fromthe spaghat GHAR nﬁ% Swidly dligisalnt sehpledi §igndbs. sefhealspad@hact ors
e
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present inveva¥iahle t amplipicatiomgakednsradie ofgequeneyj dittatiehdghi on of

non-  separ aj pébsiddife rPeguehag| cadiddeciebeat 9f "RPREy TeThnology",

R. Tang et al., Proceedings of the IEEE, Vol. 80, No. 1,
January 1992. Another possibility is to use a Butler matrix
to form a number of fixed lobes, wherein the adaption network
can then pick the best lobe using any optimization criteria to
maximize quality.

A xnown training sequence is then ptovided.to an adaption
means 18. The adaption means 18 adjusts the spatial filters
14 so as to enhance a desired spatial channel while suppres-
sing other spatial channels. The adaption means 18 can adjust
the spatial filters in a variety of ways, for example,
direction of arrival estimaticn combined with classification
and weighting, direction of arrival estimation combined with
least squares minimization of an error 'signal, direction of

. arrival estimation with le.ast neans.squa.r'es minimization of

an error signal, and direction of arrival estimation combined

¥ith a gradient optimizing method. Furthermore, the adaption
neans 18 can optimize the spatial filters using any known
sptimization method, such as, 1east squares, least mean
squares, or gradient optimization a.lgorithm, wherein the
sraining sequence is used as the desired signal. One such
sanner is disclosed in "An Adaptive Array for Mobile Com-
mnications", Soren Andersson et al., IEEE Transactions on
7ehicular Technology, Vol. 40, No. 1, pp.230-234 (Feb. 1991),
thich is incorporated herein by reference.

The adaption means can also pick one, or a number of
!ilters out of a predetermined set of filters using power
istimates and quality measurements from the MLSE detector. A
'ilter which gives large power is picked and used to filter
mt a signal, the signal is used as an input to the MLSE
:etector and adaption logic judges from the quédlity of the
ISE output whether this is a sufficiently good filter.
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lustrated in Fig. 5b, since the signals fromthe nobile stations, Ml and
M52, can not be separated by linear spatial filtering. I n anot her .
enbodi ment of the present invention, a training sequence generator can be
used to deternmine a training sequence in a received signal when the
pre-defined training sequence is not known or is not unique. One way to
create a uni que sequence that can be used& o adapt the antenna array is to
first detect the data burst using the antepnna weights fromthe | ast burst.
The entire data burst, which differs for different nobile stations, can

then be used to updal g,Lige ANl SRiGe¥8hOibine 20 hbH!bSnplidd Wak1ALESa®

bl ock di agram of a _
: impulse response signals for each desired channel based on the

training sequence and upon the output from the adjusted
spatial filters. The channel estimation means 20 uses the
training sequences and the ocutput of the spatial filters to
compute estimated impu'lse response signals of the channels by
using several different methods, for example, a least squares
‘method, a least means squares method, and a gradient iden-
tification method. For example, the following algorithms can
be used to compute the estimated impulse responses, wherein
the output of the spatial filter is denoted y(k) and the.
training sequence is denocted d(k). The channel filter H(q™),
where q’! 1S the backward shift operator g'ly(k)=y(k-1), is
determined so that the sgquared difference [y(X)-H(q'')d(k))?
is minimized. In other words, determine:

' .4 .
arg " ?:i i) ~E(ge )1 d(D

where N is the length of the’'training sequence.

.The receiver 10 can also contain a supervising means 22
which determines whether the mobile stations are spatially
separated by at least a predetermined amount by using the
spatial filters. The supervising means 22 could, for example,
compute the ‘inner product of the spatial filters used to
filter out the signals from the mobile station. By denoting
the filter for the first mobile station as Wl and the filter
for the second mobile station as W2, the inner product between

| W1land W2 canbeusedasa separation measure. A small product
indicates almost no disturbance between the mobile stations,
while a large product would indicate that the two mobile
stations are close together. If it is determined that the
mobiles are not separated by at least the predetermined
amount, one mobile is directed to another channel.

A MISE detector 24 then uses the estimated impulse
response and the output signals from the adjusted spatial
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according to.one enbodi nent of the present invention. The transmtter

contains-data splitters 52 for splitting data to be transmtted to each

mobile into a nunber of parallel data streanms, the nunber of parallel
streans corresponds with the nunber of smatial channels in the system

wherein the

filters to detect the data signel from each mobile station in
the received signal. The MLSE detector can be any detector
which can be used to detect a data signal transmitted through
a linear filter and corrupted by noise. For example, the MLSE
detector can be approximated with a decision-feedback
equalizer or a linear equdlizer with a threshold detecto:.
According to one embodiment of the present invention, the MLSE
detector means is implemented as a Viterbi detector or as a
fractionally spaced Viterbi detector. 1In one embodiment of
the present invention, the Viterbi detector is a multi-input,
single output detector which uses the estimated impulse
response signals for the channels where the inputs consist of
the outputs from the spatial channels. As illustrated in Fig.
5a, separate detectors are generally provided for each mobile
station when the mobile stations are sufficiently separated.
However, according to one enbodinment of the present invention,
the supervising means can order the joint detection of non-

'separated mobiles in a single MISE detector means, as il-

lustrated in Fig. 5b, since the signals from the mobile
stations, MS1 and MS2, can not be separated by linear spatial
filtering.

In another embodiment of the present invention, a
training sequence generator can be used to determine a
training sequence in a received signal when the pre—-defined
training sequence is not known or is not unique. One way to
create a unique sequence that can be used to adapt the antenna
array is to first detect the data burst using the antenna
weights from the last burst. The entire data burst, which
differs for different mobile stations, can then be used to
update the antenna weights. :

Figure 3 illustrates a block diagram of a transmitter
according to one embodiment of the present invention. The
transmitter 50 contains data splitters 52 for splitting data
to be transmitted to each mobile into a number of parallel
data streams, the number of parallel data streams corresponds
with the number of spatial channels in the system, vherein the
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10 data streans are del ayed based upon uplink neasurenents.

The split

data is-then sent to a power allocation neans 54 for allocating
transm ssi on power to each possible channel using |long-term SNR -
measurenents on the uplink. For exanple, long termuplink neasurenments can

be used to determne quality ratios f&0 the spatial channels.

I f the uplink

quality for each of the spatial channels is equal, then each spati al

channel shoul d receive the sane anount of power for the

data streams are delayed based upon uplink measurements. The
split data is then sent to a power allocation means 54 for
allocating transmission power to each possible channel using
long-term SNR measurements on the uplink. For example, long
term uplink measurements can be used to determine quality
ratios for the spatial channels. TIf the uplink quality for
each of the spatial channels is equal, then each spatial
channel should receive the same amount of power for the
downlink signals. However, if one of the spatial channels has
a better uplink quality, then that spatial channel should be
allocated more power for the downlink signals. The power
allocation is also dependent upon the overall quaiity: i, for
example, the C/I is low enough, there is less reason to '
transmit in multiple spatial channels.

The resulting signais are then sent to a spatial filter
56 which has as many outputs as there are array elements and
as many inputs as there are spatial channels. The resulting

.signal is then transmitted to mobile stations in the system

using the antenna array 58. The weights for the spatial
transmit filters should be computed from the uplink measure-
ments. For example, if differént up and down link channels
are used, one can average the spatial receive filter over the
short-term fading, compensate the filter weights for the
frequency difference, and then use the averaged and compen-
sated filters for transmission. -

According to another embodiment of the present inven-
tion, the receiver and transmitter can be combined into a
transceiver 60 as illustrated in Fig. 4. Since the components
are the same as those illustrated in Figs. 2 and 3, like
numerals have been used throughout thé figqure, and the
description for how each element of the transceiver works is
as described above with reference to the descriptions of ‘the
elements of the receiver and the transmitter.

It will be appreciated by those of ordinary skill in the
art that the present invention can be embodied in other
specific forms without departing from the spirit or essential
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downlink signals. However, if one of the spatial channels has a better
uplink quality, then that spatial channel should be all ocated nore power
for the downlink signals. The power allocation is al so dependent upon the
overall quality; if, for exanple, the C/I is |ow enough, there is |ess
reason to transmt in multiple spatial channels. The resulting signals
"are then sent to a spatial filter 56 whi has as many outputs as there are
array elements and as many inputs as there are spatial channels. The
resulting signal is then transmtted to nobile stations in the system using
the antenna array 58. The weights for the spatial transmt filters should

be conput ed céf%?;f#r?;ﬁ ;t&léf&%ﬁ?a%s-pﬂaabauﬁoaiwméa difboti fhenest are

and down llgherefore considered in all respects to be illustrative and
not restrictive. The scope of the invention is indicated by
the appended claims rather than the foregoing description, and
all changes which come within the meaning and range of

equivalence thereof are intended to be embraced t,herej.n.




are used, one can average the spatial receive filter over the short-term
fading, conpensate the filter weights for the frequency difference, and
then use the averaged and conpen- sated filters for transm ssion.
Accordi ng to anot her enbodi ment of the present |nven

and transmtter can be conbined into a transceiver '
Fig. 4. Since the conponents are the sanm® as those |II ! H"T 2
and 3, l|ike nunerals have been used throughout the flg s x

description for how each el ement of the transceiver wor ks | s as descri bed
above with r mfg:%ecw escriptions of the elenents of the receiver
and the trans Wi ll be appreciated by those of ordinary skill
in the 1. A receiver using antenna arrays in a cellular-
: communication system including a plurality of mobile stations
comprising: _
means for receiving a signal;
spatial filter means with up to one input for each
antenna element and one output for each spatial channel;
adaption means for adjusting the spatial filters in
order to enhance a desired spatial channel while suppressing
other spatial channels: : _
channel estimation means for computing estimated
impulse responses for each desired channel based on training
sequences and said output from said spatial filters; and
) _ ' MLSE detector means for each of the mobile stations
for detecting a data signal broadcast from each mobile station
in said received signal based on said estimated impulse
responses and said outputs of said spatial filter means.

2. A receiver according to claim 1, further compri-
sing: _
means for determining a training sequence in said
received signal when said training sequence is not known.

3. A receiver according to claim 1, further compri-
sing: . ' '
: supervising means for determining whether the
" mobile stations are spatially separated by at least a prede-
ternined amount. :

4. A receiver according-to claim 3, wherein said
supervising means uses said spatial filters and said estimated
impulse responses in determining whether the mobile stations
are spatially separated by at least a predetermined amount.

5. A receiver according to claim 3, wherein said
supervising means uses information from the MLSE detector in
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art that the present invention can be enbodied in other specific forns
W t hout .departing fromthe spirit or essenti al

14 R BN
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13. A receiver according to claim 1, wherein the
estimation means uses tra.inihg sequences and the output from
the spatial filt;ers to compute estimated impulse response
signals of the channels.

14. A receiver according to claim 13, wherein the
estimation means uses training sequences and the ocutput from
the spatial f;l.ltei:s to compute estimated impulse response
signals of the channels by using a least-squares method.

15. A receiver according to claim 13, wherein the
estimation means uses training sequences and the output from
the spatial filters to compute estimated impulse response
signals of the channel_s using a least-means-square methed. '

16. -A receiver according to claim 13, wherein the
estimation means uses training sequences and the output from
the spatial channels t? conpht? estimated impulse response
signals of the channels using a gradient identification
method.

7. A reg:eiver according to claim 3, wherein the
supervising means directs spatially non-separated mobiles to
other channels. :

' 18. A receiver according to claim 3, wherein the
supervising means orders joint detection of non-separated
mobiles in the MLSE~detector means.

19. A receiver according to claim 1, wherein the spatial
filters are adjusted to enhance the signal propagating from
the mobile in one or more spatial channels while suppressing
other incoming signals.

20. A receiver according to claim 1, wherein the MLSE-
detector means is implemented as a Viterbi detector.
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character thereof. The presently disclosed enbodi nents are therefore
considered in all respects to be illustrative andmot—restrictive. The.

scope of the invention is indicated by the appende mﬂ, r at her than t he

foregoi ng description, and all changes which cone m”m”m and

range of equival ence thereof are |ntended éo be enbr

21. A receiver according to claim 1, wherein the MLSE
detector means is imblemented as a decision-feedback detec-

tor.

"~ 22. A receiver acc'ording to claim 1, wherein the MLSE
detector means is implemented as a linear equalizer followed
by a threshold detector.

23. A receiver according to claim 1, wherein the MLSE
detector means is implemented as a rake receiver with at least

one finger.

24. A receiver according to claim 20, wherein the
Viterbi detector is implemented as a fractionally spaced
detector.

. 25. A receiver according to claim 20, wherein the
Viterbi detector is a multi-input, single-output detector
using the estimated impulse response signals for the channels
and the inputs to the Viterbi consist of the output from the

spatial filters.

26. A transmitter using antenna arrays in a cellular

-communication system, including a plurality of mobile
stations, comprising:

means for transmitting a signal;

means for splitting data to be transmitted to each
mobile into a number of parallel data streams, said number of
parallel data streams corresponding to the number of spatial
channels in the system, wherein the data streams are delayed
based upon uplink measurements;

power allocation means for allocating transmission
power to each possible channel using long~term SNR measure-

ments on the uplink; and
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12 VWHAT IS CLAIMED | S: 1. A receiver usmg antenna arrays in a

cel lul ar-comuni cation systemincluding a plurality of

conpri-si ng:

means with up té onrem?E?)uI 01[ o:egglcxl ggt 2n?11’;1g2?|errent “‘\“\i\i\ﬁ‘l‘a“‘\“ \“\or

_ spatial filter means with as many outputs as there
are array elements and as many inputs as there are spatial
channels for providing said signal to said antenna array.

27. A transmitter according to claim 26, wherein the

_wéights for spatial filters are computed from uplink measure-

nments.

28. A transceiver using antenna arrays in a cellular
communication system, including a plurality - of mobile
stations, comprising: )

means for transnitting and receiving a signal;

spatial filter means with up to one input for each
antenna element and cne output for each spatial channel:;

.adaption means for adjusting the spatial filters in
order to enhance a desired spatial channel while suppressing
other spatial channels:

channel estimatidn means for computing estimated
impulse response signals for each desired channel based on
said training sequence and said output from said spatial
filters:

MLSE detector means for each of the mobile stations
for detecting a data signal broadcast from each mobile station
in said received signal based on said estimated impulse
response signals and said output of said spatial filter means:;

~ means for splitting data to be transmitted to each
mobile into a number of parallel data streams, said number of
parallel data streams corresponding with the number of spatial
channels in the system, wherein the data streams are delayed
based upon uplink measurements; and

power allocation means for allocating transmission
power to each possible channel using long-term SNR measure-
ments on the uplink. |

29. A transceiver according- to claim 28, further
comprising:
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each spati al. channel ; adaption nmeans for adjusting the spatia

filter means in order to enhance a desired spatial_channel while
suppressi ng other spatial channels; channel estimation neans for
conputing estinmated inpul se responses for each desi ﬂmmlmrmuuﬂ n on
training sequences and said output fromsgid spati al Eﬂﬂ

M.SE detector neans in said receiver for ®ach of the*nobilk statsions for
detecting a data signal broadcast from each nobile station in said received
signal based on said estinmated i npul se responses and said outputs of said
spatial filter means. means fo?. .dekdr@ifiingr a AEFANring0 skQuéhee Ninl safivr t her

COMPIISING: - receilfRichQl (RlPLUYA! O fhioALOLNGSEWUCHSE shibuil

recei ved si gna en sal ralninhg sequence I°s n

30. A transceiver according to claiz 28, further
comprising: - .
supervising means for determining whether the
mobile stations are spatially separated by at least a prede-
termined amount.

31. A transceiver accord:.ng to claim 30, wherein said
supervising means uses said spatial filters and said estimated
impulse responses for determining whether the nobile stations
are spatially separated by at least a predetermined anouxit. |

32. A transceiver according to claim 30, wherein said
supervising means uses information from the MLSE detector for
determining whether the n'xohile_ stations are spatially
separated by at least a predetermined amoﬁr;t. .

33. A transceiver according to claim 28, wherein the
adaption means adjusts the spatial filters.

34. A transceiver according to claim 33, wherein the
adaption means adjusts the spatial filters by using direction
of arrival estimation combined with classification and
weighting.

35. A transceiver according to claim 33, wherein the
adaption means adjusts a spatial filters by using direction of
arrival estimation with least means squares minimization of
an error signal.

36. A transceiver according to claim 33, wherein the
adaption means adjusts the spatial filters by using direction
of arrival estimation combined with a gradient optimizing
method.
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3. Areceiver according to claim1, further conprising: super vi si ng
nmeans for determ ni ng whether the m)bl | e stations are spatially separated

by at |east a predeterm ned anount. - 4. -A-receiver—aecording to

claim 3, wherein said supervising neans uses said. si|at lal fil terﬁ!land

estimated i mpul se responses in deternining whet helrul lﬂl“l“)“l“ﬂlll; i ons are

spatially separated by at least a predet]gqrm' ned a
recei ver according to claim3, wherein d supervi 'si ng means uses

i nformati on

37. A transceiver according to ¢laim 33, wherein the
adaption means optimizes the spatial filters using an op-
timization method and the training sequence as a desired

signal.

38. A transceiver according to claim 28, wherein the
adaption means picks a number of filters out of a predeter-
mined set of filters.

3s. A transceiver according to claim 38, wherein the.
adaption means picks a number of filters out of a predeter-
mined set of filters using 'power estimates and quality
measurements from the MLSE detector.

40. A transceiver according to claim 28, wherein the
estimation means uses training sequences and the output from
the spatial filters to ccmpute estimated impulse response
signals of the channels.

41. A transceiver according to claim 40, wherein the
estimation means uses training sequences and the output from
the spatial filters to compute estimated impulse response
signals of the channels by using a least squares method.

42. . A transceiver according to claim 40, wherein the
estimation means uses training sequences and the cutput from
the spatial filters to compute estimated impulse response
signals of the channels using a least mean squares method.

43. A transceiver according to claim 40, wherein the
estimation means uses training sequences and the cutput from
the spatial filters to compute estimated impuis'e response
signals of the channels using a gradient identification
method.
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fromthe M.SE detector in determ ning whether the nobile stations are

spatially separated by at |east a predeterm ned %

| \e\[l\ll} I

44. A transceiver according to claim 30, wherein the
supervising means directs spatially non-separated mobiles to
sther channels.

45. A transceiver accdrding td claim 30, wherein the
supervising means orders joint detection of non-separated
mobiles in the MLSE detector ‘means.

46. A transceiver according to ‘claim 28, wherein the _
spatial filters are adjusted to enhance the signal propagating
from the mobile in one or more spatial channels while suppres-
sing other incoming signals.

47. A transceiver according to claim 28, wherein the
MLSE detector means is implemented as a Viterbi detector.

48. A transceiver according to claim 28, wherein the
MLSE detector means is :.mplemented as a decision—feedback
detector.

49, A transdeiv_er- according to claim 28, wherein the
MLSE d_étector ‘means is implemented as a linear equalizer
followed by a threshold detector.

50. A" transceiver according to claim 47, wherein the
Viterbi detector is implolented as a fractionally spaced
detector.

51. A transceiver according to claim 47, wherein the
Viterbi dgtecﬁor is a multi-input, single output detector
using the estimated impulse response for the channels and the
inputs to the viterbi consist of the ocutput from the spatial
filters.
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6. A receiver according to claim1, wherein the adaption rreans adj usts the
spati al filter means by usi ng dlrectlon of -arri ned with

cl assification and wei ghti ng. 7. A recel ver. according to cI al m 1,
wherein the adaption neans adjusts the spatial Elllll“ﬂ“ﬂjwniu
direction-of-arrival estimation conbined with e B zatlon of
an error signal. : 8. A receiver acc#®ding to clalml *wherein the

adaption nmeans adjusts the spatial filter means by using :
direction-of-arrival estimation conbined with a gradient optim zing nethod.

§2. A transceiver according to claim 28, wherein the
weights for spatial transmit filters are computed from uplink
measurements averaged over the fast fading.

N
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9. Areceiver according to claim1, wherein the adaption neans optim zes
the spatial filter neans using an optim zation nmethod and. t he training

sequence as a desired signal. 10. A receiver according to claiml1,
wherein the adaption neans picks a nunberqgef filters out of a predetern ned
set of filter means. 11. A receiver according to claim 10, wherein

t he adaption neans picks a nunber of filter neans out of a predeterm ned

Sotontor " orHaANECRIVER AEEORITHMY Or ARITENNEARRAYS ™ © 1 om the MSE

det ect or.

ABSTRACT

A transceiver for improving the spectral efficiency and the capacity of cellular
communication systems is disclosed. The transceiver uses an antenna array for
communicating in a cellular communicatidn system with a plurality of mobile
stations. In addition, the transceiver contains a spatial filter connected to an
antenna array wherein the épatia_l filter has as many outputs as there are array
elements and és many inputs as there are spatial channels. A splitter then splits
data to be transmitted to each mobile station into a mumber of parallell data
streams, the number of parallel data streams corresponds with the number of
spatial channels in the system, wherein the data streams, are delayed based upon
uplihk measurements. Finally, power allocators are provided for alldcating
transmission power to each possible channel based upon long-term SNR

measurements on the uplink.

No suitable figure
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12. A receiver according to claim1, wherein the estimation means uses
trai ni ng sequences and the output fromthe spatial filter means to conpute
estimated i nmpul se response signals of the channels by using a | east-squares
met hod. 13. A receiver according to claim1, wherein the
estimati on nmeans uses training sequences and the output fromthe spati al
filter means to conpute estimated inpul se response signals of the channels
usi ng a | east-neans-square net hod. ' 14. A receiver according to
claim1l1, wherein the estinmation neans uses training sequences and the
output fromthe spatial filter neans-&efsenpuiééfstinated | mpul se response

v
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signals of the channels using a gradient identification nethod.
14 : 15. A receiver according to claim3, wherein the superV|S|ng

nmeans directs spatially
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non- separ ated nobiles to other channels. : 16. A receiver according
to claim3, wherein the supervising neans orders joint detection of

non- separated nobiles in the M.SE-detector mneans. 17. A receiver
according to claim1l, wherein the spatial filter nmeans are adjusted to
enhance the signal propagating fromthe nobile in one or nore spati al
channel s whil e suppressing other incomng signals. 18. A receiver
according to claim1, wherein the M.SE-detector neans is inplenented
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as a Viterbi. detector.

wherein the M.SE det ect or
det ect or.

det ect or

- det ect or.

det ect or

nmeans is inplenmented as a rake receiver with at

19. A receiver according to claiml1,
means i s inplenmented as a deci si on-feedback
20. A receiver according to claim1, wherein the M.SE
neans is inplenmented as a |inear equalizer followed by a threshold
21. A receiver according to claim1l1, wherein the M.SE

-l

| east one finger.
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22. A receiver according to claim18, wherein the Viterbi detector is

I npl emented as a fractionally spaced detector. 23. A receiver
according to claim 18, wherein the Viterbi detector is a multi-input,

si ngl e-out put detector using the estimated inmpul se response signals for the
channel s and the inputs to the Viterbi consist of the output fromthe
spatial filter neans.
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24, A'transmitter usi ng ant enna arrays in-a cel | ul ar communi cati-on system ¢

including a plurality of nobile stations, conprising: for

transmtting a signal; means for splittlgmﬂ snmitted to

each mobile intoya: nurrber Ot "pargl | el data stre mmm" myrﬂg paral | el

data streans coj requnql ng to‘”t‘ﬁ nunmber gf spati*al ¢channelss| he system

wherei n the dat Lﬁéwﬁ are del gyed bas& upon uplink nmeasurenents;
determining whether the mobile_ stations are spatially
separated by at least a predetermined amount.

6. A receiver according to claim 1, wherein the
adaption means adjusts the spatial filters.

| 7. A receiver according to claim 6, wherein the
adaption means adj usts the spatial filters by using direction-
of-arrival estimation combined with classification and

weighting.

_ 8. A receiver according to claim 6§, wherein the
adaption means adjusts the spatial filters by using direction-
of-arrival estimation combined with least squares minimiza-
tion of an error signal.

9. A receiver according to claim 6, wherein the
adaption means adjusts the spatial filters by using direction-
of-arrival estimation combined with a gradient optimizing

method.

10. A receiver according to claim 6, wherein the
adaption means optimizes the spatial filters using an op-
timization method and the training sequence as a desired

signal.

11. A Treceiver according ‘fo claim 1, - wherein the
adaption means picks a nupber of filters ocut of a predeter-

mined set of filters.

' 12. A receiver ‘according to claim 11, wherein the
adaption means picks a number of filters out of a predeter-
mined set of filters using power estimates and quality
measurements from the MLSE detector.
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power .ald ocation means connected to said neans for splitting data for
al | otat *ng transm ssi on power to each possible channel using |Iong-term SNR
measurenents on the uplink; and spatial filter means connected to
sai d power allocation neans with as many outputs as there are array
- elenments and as many inputs as there are spatial channels for providing
said signal to said antenna array. 175 25. Atransnitter according to
claim 24, wherein the weights for said spatial filter means.are conputed
from uplink measurenents. 26. A transceiver using antenna arrays
in a cellular communi cati on SySt en isaadmsseh=irer
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a plurality of nobile stations, conprising: means for transmtting
and receiving a signal; spatial filter nmeans with up to one i nput
for each antenna el enent and one output for each spatial channel;

adaption nmeans for adjusting the spatial filter nmeans in order to enhance a
desired spatial c¢hannel while suppressing other spatial channels;

channel estimation nmeans for conputing eggmted i npul se response signal s
for each desired channel based on a_training sequence and said output from
said spatial filter neans; _ MLSE detector neans in said transceiver
for each of the nobile stations for detecting a data signal broadcast from
each nobile station in said received signal based on said estimted inpul se
response signals and said output of said spatial filter neans; nmeans
for splitting data to be transmtted to each nobile into a nunber of
paral l el data streans, said nunber of parallel data streans correspondi ng

w t'h the nunber of spati al
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16 cihanqriélé In the system wherein the data streans are del ayed based upon
upl i nk neasurenents; and power allocation neans for allocating
transm ssi on power to each possi bl e channel
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using_logﬁfférn1SNR measur ements on t he upl i nk. ' 27. A tranéceiver

according to claim 26, further conprising: nmeans for determning a
training sequence in said received signal when said training sequence is
not known. 28. A transceiver according to claim 26, further
conpri sing: supervi sing neans for determ ning whether the nobile

stations are spatlally separ at ed by at | gagt a predeterm ned anmount.
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29. A_trdﬁsceiver according to claim 28, wherein said supervising neans
uses said spatial filtér means and said estimated inpul se responses for
determ ni ng whether the nobile stations are spatially separated by at | east
a predeterm ned anmount. = - 30. A transceiver according to claim28,
wher ei n said supervising nmeans uses infgr tion fromthe MLSE detector for
determ ni ng whet her the nobile stations 4Pe spatially separated by at |east

a predetern ned anount. 31. A_tfansceiver according to claim 26,

wherein the adaption nmeans adjusts the spatial filter means by using

direction of arrival estimation_c Lped Wth classification and wei ghting..
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325 A tra’hééw—cl ai m 26, V\:heI’GI n the adaption neans adJ usts
a spati al ter nmeans by usi ng direction of arri w@lpLgégi‘,ﬁsg‘ Q,L;F&,éu -§wu
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WHAT IS CLAIMED IS:
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1. A receiver using antenna arrays in a cellular-communication system includihg a
plurality of mobile stations comprising:

means for receiving a signal;

spatial filter means with up to one input for each antenna element and one output for
each spatial channel; |

adaption means for adjusting the spatial filter means in order to enhance a desired

spatial channel while suppréssing other spatial channels;

channel estimation means for computing estimated impulse responses for each desired
channel based on training sequences and said output from said spatial filter means; and

MLSE detector means in said reéeiver for each of the mobile stations for detecting a
data signal broadcast from each mobile station in said received signal based on said estimated

impulse responses and said outputs of said spatial filter means.

2. A receiver according to claim 1, further comprising:
means for determining a training sequence in said received signal when said training

sequence is not known.

3. A receiver according to claim 1, further comprising:
supervising means for determining whether the mobile stations are spatlally separated

by at least a predetermined amount.

4. A receiver according to claim 3, wherein said supervising means uses said spatial
filters and said estimated impulse responses in determining whether the mobile stations are

spatially separated by at least a predetermined amount.

5. A receiver according to claim 3, wherein said supervising means uses information
from the MLSE detector in determining whether the mobile stations are spatially separated by

at least a predetermined amount.
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17 + - 33. A transceiver according to clai md_26’,ihﬂgi_n_th’e_adapt-i on
nmeans adj usts the spatial filter neans by using ditection of arrival
estimation combined with a gradient optim zing met ‘“t
transcei ver according to claim 26, wherel n the ad “?IH“M‘IL“‘M zes the
spatial filter means using an optim zatiléh met hod ¢t he- t Mai Ai ng sequence
as a desired signal. 35. A transceiver according to claim 26,

wherein the adaption nmeans picks a nunber of filters out of a predeterm ned
set_of filter reagaeiver according to claim 1, wherein the adaption means adjusts the spatial

filter means by using direction-of-arrival estimation combined with
classification and weighting.

7. A receiver according to claim 1, wherein the adaption means adjusts the spatial filter
means by using direction-of-arrival estimation combined with least squares minimization of

an error signal.

8. A receiver according to claim 1, wherein the adaption means adjusts the spatial filter

means by using direction-of-arrival estimation combined with a gradient optimizing method.

9. A receiver according to claim 1, wherein the adaption means optimizes the spatial

filter means using an optimization method and the training sequence as a desired signal.

10. A receiver according to claim 1, wherein the adaption means picks a number of

filters out of a predetermined set of filter means.

11. A receiver according to claim 10, wherein the adaption means picks a number of
filter means out of a predetermined set of filters using power estimates and quality

measurements from the MLSE detector.

12. A receiver according to claim 1, wherein the estimation means uses training
sequences and the output from the spatial filter means to compute estimated impulse response
signals of the channels by using a least-squares method.

13. A receiver according to claim 1, wherein the estimation means uses training
sequences and the output from the spatial filter means to compute estimated impulse response
signals of the channels using a least-means-square method.

14. A receiver according to claim 1, wherein the estimation means uses training
sequences and the output from the spatial filter means to compute estimated impulse response
signals of the channels using a gradient identification method.
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36. " A transceiver according to claim 35, wherein the—adaption neans picks a
nunmber of filter means out of a predeterm ned set of lllters usi ng power

estimates and quality neasurenents fromthe M.SE dé¢ lu!lll"s"llwm 37. A

transcei ver according to claim 26, wherﬂﬁn t he esti
trai ni ng sequences and the output from the spati al fllter meafs to tonput e
estimated i npul se response signals of the channels by using a | east squares
nmet hod. 38. A transceiver according to clai-m 26, wherein the
estimation meank5.uA eeceiveriaccarding to claim 3, wherein the supervising means directs spatially

non-separated mobiles to other channels.

16. A receiver according to claim 3, wherein the supervising means orders joint
detection of non-separated mobiles in the MLSE-detector means.

17. A receiver according to claim 1, wherein the spatial filter means are adjusted to -
enhance the signal propagating from the mobile in one or more spatial channels while

suppressing other incoming signals.

18. A receiver according to claim 1, wherein the MLSE-detector means is implemented
as a Viterbi detector. |

19. A receiver according to claim 1, wherein the MLSE detector means is implemented
as a decision-feedback detector.

20. A receiver acodrlding to claim 1, wherein the MLSE detector means is implemented
as a linear equalizer followed by a threshold detector.

21. A receiver according to claim 1, wherein the MLSE detector means is implemented

as a rake receiver with at least one finger.

22. A receiver according to claim 18, wherein the Viterbi detector is implemented as
a fractionally spaced detector. |

23. A receiver according to claim 18, wherein the Viterbi detector is a multi-input,
single-output detector using the estimated impulse response signals for the channels and the
inputs to the Viterbi consist of the output from the spatial filter means.
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sequeﬁces and t he out put from the spatial filter ti mated
| mpul se response signals of the channels using a | east ‘et hod.
39. A transceiver according to claim26, wherein. m‘ﬁm mgﬂ!ﬂ ns uses
training sequences and the output from.the spati all 'SR} [T *0 conpute
estimated i mpul se response ‘signal s of tIRe channel s ‘usi ng a gradient
identification nmethod. ~40. A transceiver according to claim 28,
wherein the superyishaiuBFaty Sl arrayPitd Slihular SORRARAGH SbidHR HhbiEdink 0

a plurality of mobile stations, comprising:

means for transmitting a signal;

means for splitting data to be transmitted to each mobile into a number of parallel data
streams, said number of parallel data streams corresponding to the number of spatial channels
in the system, wherein the data streams are delayed based upon uplink measurements;

power allocation means connected to said means for splitting data for allocating
transmission power to each possible channel using long-term SNR measurements on the uplink;
and

spatial filter means connected to said power allocation means with as many outputs as
there are array elements and as many inputs as there are spatial channels for providing said

signal to said antenna array.

25. A transmitter according to claim 24, wherein the weights for said spatial filter

means are computed from uplink measurements.

26. A transceiver using antenna arrays in a cellular communication system, including
a plurality of mobile statiorts, comprising:

means for transmitting and receiving a signal;

spatial filter means with up to one input for each antenna element and one output for
each spatial channel; _ ' ‘

adaption means for adjusting the spatial filter means in order to enhance a desired
spatial channel while suppressing other spatial channels;

channel estimation means for computing estimated impulse response signals for each
desired channel based on a training sequence and said output from said spatial filter means;

MLSE detector means in said Uanéceiver for each of the mobile stations for detecting
a data signal broadcast from each mobile station in said received signal based on said estimated
impulse response signals and said output of said spatial filter means;

means for splitting data to be transmitted to each mobile into a number of parallel data

streams, said number of parallel data streams corresponding with the number of spatial
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41: A'transceiver accor di ng to c'I ai m 28, wherein the supervising neans
orders joint detection of non-separated nobil.es in the ML.SE detector neans.

AR

channels in the system, wherein the data streams are delayed based upon uplink measurements;

and
power allocation means for allocating transmission power to each possible channel

using long-term SNR measurements on the uplink.

27. A transceiver according to claim 26, further comprising:
means for determining a training sequence in said received signal when said training

sequence is not known.

~ 28. A transceiver according to claim 26, further comprising: _
supervising means for determining whether the mobile stations are spatially separated
by at least a predetermined amount.

29. A transceiver according to claim 28,. wherein said supervising means uses said
spatial filter means and said estimated impulse responses for determining whether the mobile

stations are spatially separated by at least a predetermined amount.

30. A transceiver ‘according to claim 28, wherein said supervising means uses
information from the MLSE detector for determining whether the mobile stations are spatially
separated by at least a predetermined amount.

31. A transceiver according to claim 26, wherein the adaption means adjusts the spatial
filler means by using direction of arrival estimation combined with classification and
weighting.

32. A transceiver according to claim 26, wherein the adaption means adjusts a spatial
filter means by using direction of arrival estimation with least means squares minimization of

an error signal.
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42 A transceiver according to claim 26, wherein the spatial filter neans
are adjusted to enhance the signal propagating fromthe nobli e Tnomne or
nore spatial channels while suppressing other incomn [
43. A transceiver according to claim26, wherein tﬂﬂmmwmﬂl’”" ans is
i mpl emented as a Viterbi detector. 17 44. A transecelwvern according to
claim 26, wherein the MLSE detector neans is inplenented as a
deci si on- f eedback detector.

33. A transceiver according to claim 26, wherein the adaption means adjusts the spatial

filter 'means by using direction of arrival estimation combined with a gradient optimizing
method. |
34. A transceiver according to claim 26, wherein the adaption means optimizes the

spatial filter means using an optimization method and the training sequence as a desired signal.

35. A transceiver according to claim 26, wherein the adaption means picks a number

of filters out of a predetermined set of filter means.

36. A transceiver according to claim 35, wherein the adaption means picks a number
of filter means out of a predetermined set of filters using power estimates

and quality measurements from the MLSE detector.

37. A transceiver according to claim 26, wherein the estimation means uses training
sequences and the output from the spatial filter means to compute estimated impulse response
signals of the channels by using a least squares method.

38. A transceiver aécording to claim 26, wherein the estimation means uses training
sequences and the output from the spatial filter means to compute estimated impulse response

signals of the channels using a least mean squares method.

39. A transceiver according to claim 26, wherein the estimation means uses training
sequences and the output from the spatial filter means to compute estimated impulse response
signals of the channels using a gradient identification method.

40. A transceiver according to claim 28, wherein the supefvising means directs spatially
non-separated mobiles to other channels.

41. A transceiver according to claim 28, wherein the supervising means orders joint

detection of non-separated mobiles in the MLSE detector means.
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45." A transceiver according to claim26, wherein the M.SE detector neans is
I npl emented as a linear equalizer followed by a threshold detector.

46. A transceiver according to claim43, wherein the W

i npl emented as a fractionally spaced detector. mﬂm“““jm&mm“"er
according to claim43, wherein the Vitel®i detector is & ntlth-itput

singl e output detector using the estinmated inpul se response for the

channel's and thg A%l\;eg aE&qdi}ﬂ;Tt@EB}m 98" ¥hStkirCthe E&(ﬁapﬂft@“ﬂle;:{s% bd)Gisted

spatial filter Tmmeans
to enhance the signal propagating from the mobile in one or more spatial channels while

suppressing other incoming signals.

43. A transceiver according to claim 26, wherein the MLSE detector means is
implemented as a Viterbi detector.

44. A transceiver according to claim 26, wherein the MLSE detector means is
implemented as a decision-feedback detector.

45. A transceiver according to claim 26, wherein the MLSE detector means is
implemented as a linear equalizer followed by a threshold detector.

46. A transceiver according to claim 43, wherein the Viterbi detector is implemented
as a fractionally spaced detector.

47. A transceiver according to claim 43, wherein the Viterbi detector is a multi-input,
single output detector using the estimated impulse response for the channels and the inputs to
the Viterbi consist of the output from the spatial filter means.

48. A transceiver according to claim 26, wherein the weights for spatial transmit filter

means are computed from uplink measurements averaged over the fast fading.
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48. " A transcel ver according to claim 26 V\/nerel n the weights for spatial
transmt filter means are conputed from’ upI | fi® measur ements averaged over

t he- fast fading.
19

TRANSCEIVER ALGORITHMS | OF ANTENNA ARRAYS
ABSTRACT

A transceiver for improving the spectral efficiency and the capacity of cellular
communication systems is disclosed. The transceiver uses an antenna array for
communicating in a cellular communication system with a plurality of mobile
stations. In addition, the transceiver contains a spatial filter connected to an
antenna array wherein the spatial filter has as many outputs as there are array
-elements and as many inputs as there are spatial channels. A splitter then splits
data to be transmitted to each mobile station into a number of parallel data
streams, the number of parallel data streams corresponds with the number of
spatial channels in the system, wherein the data streams, are delayed based upon
uplink measurements. Finally, power allocators are provided for allocating
transmission power to each possible channel based .upou long-term SNR

measurements on the uplink.
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