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(57) ABSTRACT

An antenna array in a radio node includes multiple antenna
elements for transmitting a wider beam covering a majority of
a sector cell that includes a common signal and a narrower
beam covering only a part of the sector cell that includes a
mobile user-specific signal. Transmitting circuitry is coupled
to the antenna array, and processing circuitry is coupled to the
transmitting circuitry. The processing circuitry ensures the
user-specific signal and the common signal in a mixed beam
embodiment are in-phase and time-aligned at the antenna
array. In a steered beam embodiment, the processing circuitry
ensures the user-specific signal and the common signal are
time-aligned and have a controlled phase difference when
received at mobile stations in the sector cell. In both embodi-
ments, distortions in the common signal and the user-specific
signal associated with their conversion from baseband fre-
quency to radio frequency are also compensated. And in the
steered beam embodiment, beam forming weights are used
not only to radiate a narrower beam to the desired mobile user
but also to direct a wider common signal beam to reach all
mobile users in the cell.

58 Claims, 13 Drawing Sheets
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Sector Covering Method Using Random Beam Weights

= — Sector
5 ~ - Beam 1
= -~-- Beam 2
s o s s s e Beam 3
=
© Nd
o e
© K
E /'/ -7
..aé _/./ !
© //’ /
-15 \ L& ! Y . 1 L ’)/ I
-60 -40 -20 0 20 40 60
angle of arrival (deg)
Fig. 5A
% 150 i T T T 1 T ]
z
§ 100+ :
5 50r .
3 0 -
©
S 50 s
2100} -
B-150} |
-60 -40 -20 0 20 40 60

angle of arrival (deg)

Fig. 5B

Ford Motor Co.
Exhibit 1011
Page 006



U.S. Patent

L .
=) & = 3

antenna pattern (dB)

N
()]

150
100

w
o

relative phase offset (deg)
o

LoL
N O O
S O ©

Feb. 16, 2010 Sheet 5 of 13 US 7,664,533 B2

Sector Covering Method Using Optimized Beam Weights
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Mean and Standard Deviation of Phase Offset Between
the Dedicated and Common Pilot Channels. AS = 5.0 deg.
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Mean and Standard Deviation of Phase Offset Between
the Dedicated and Common Pilot Channels. AS = 10.0 deg.
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1

METHOD AND APPARATUS FOR A
MULTI-BEAM ANTENNA SYSTEM

BACKGROUND

The invention relates generally to wireless communication
nodes, and more particularly, to wireless communications
nodes that utilize a multi-beam antenna system.

Adaptive antenna arrays have been used successfully in

2

In adaptive antenna systems, user-specific data signals are
transmitted using narrower beams (whether fixed or steer-
able). But system-specific or common signals are generally
transmitted via another antenna that has a wider covering
beam, e.g., a sector antenna. A typical common signal is the
base station (primary) pilot signal. The pilot signal includes a
known data sequence which every mobile radio uses to esti-
mate the radio propagation channel. As the mobile moves, the
radio propagation channel also changes. Because a good

various cellular communications systems, e.g., the GSM sys- 10 channel estimate is essential in order to detect the user-spe-
tem. An adaptive antenna array replaces a conventional sector cific data, the pilot signal is used as a “phase reference.” A
antenna by two or more closely-spaced antenna elements. beam-specific secondary pilot signal may be present on each
The antenna array directs a narrow-beam of radiated energy beam anq may alsobe useq asa phase reference. Mobile users
to a specific mobile user to minimize the interference toother ~ Whose signals are transmitted with the same beam then use
users. Adaptive antenna arrays have been shown in GSM and 15 the same secondary pilot signal. Alternatively, mobile-dedi-
TDMA systems to substantially improve performance, mea- cated pilot 51gnals.may be transmitted with the same beam as
sured in increased system capacity and/or increased range, the user-specific signal and be used as a phase reference. The
compared to an ordinary sector covering antenna. mobile user is instructed by the network which phase refer-
. . ence should be used.
Adaptive antenna systems may be grouped into two cat- . .
. . . 20  There are several drawbacks of current multi-beam archi-
egories: fixed-beam systems, where radiated energies are .
: S tectures. A first drawback is cost. A fixed-beam antenna array
directed to a number of fixed directions, and steered-beam . .
. R that forms the narrow beams at radio frequency may require
systems, where the radiated energy is directed towards any . . .
desired location. Both types of narrow beam systems are an additional sector covering antenna to be implemented. The
- - - hardware complexity and cost are related to the: number of
generally illustrated in FIG. 2, which also shows a sector
.~ 25 feeder cables equal to the number of beams+1 (for the sector-
beam that covers the sector cell. The benefits of adaptive . . . . :
antenna systems include: efficient-utilization of spectral covering antenna), physical weight determined by the size of
Py . . the antennas, and the height and size of the antenna mast.
resources by exploiting the spatial (angular) separation of . .
: : - Different sector and narrow beam antennas add significantly
users, cost efficiency, increased range or capacity, and easy .
. N . - . to the cost of the base station.
integration, i.e., no mobile terminal changes are required as .

- : - 30 A second drawback relates to phase reference mismatch
would be in other schemes such as Multiple Input Multiple q lity of Servi 3 deoradation. The radio ch. |
Output (MIMO) schemes which employ multiple antennas at an Qua.lty ot Service (QoS) egradation. the radio channe
both the terminal and the base stations. of'the primary pilot signal transmitted by the sector covering

Fixed b b din baseband f . antenna and the radio channel of the user-specific data trans-
R dl.xeF cams canRFe geBnerabte (in aseband lrequency or lm mitted through a narrow beam are not necessarily the same. If
b adio requeﬁcy ( . ). Base Zn generation r;:qulres aca li 35 the mobile is instructed to use the primary pilot signal as a
d?a“m? unit that e.stlnlllates. an | corﬁp;:nsatis 0}; ar(liy S,lgrﬁl phase reference, then the mobile will expect that the user-
Ilitomo(? Iirelgent in the Slﬁ? a pda :h %01? atse anh Vlta the specific data to be subject to the same radio channel as the
111 ermedia eh requencz;:; ( R%an he d up to eac hanﬁem(lia primary pilot signal. But those channels are different. As a
Eement n F array. ) e B Ilnet 0 .generagzs ft © hixed- result, the phase reference is wrong, detection and decoding
cams using, for cxamp ?’ a Butler matrix at ra 1.0 requf:ncy. 40 errors increase, and the Quality of Service (QoS) is degraded.
Under some assumptions, for example a uniform linear A third drawback is poor resource utilization. To compen-
array where the antenna elements are separated by a half  gsate for the phase reference mismatch, the mobile can be
Wave.length, t.her €15 a one-to-one correspondepce between a instructed to use a beam-specific secondary pilot signal or a
certain dlrectlonTof-arrlval .(DOA) of an incoming wave front user-specific dedicated pilot signal as a phase reference. In
and the phase shift of the signals at the output of the antenna 45 the former case, all users within the same beam use the same
elements. By appropriately phase shifting the signals priorto  pilot signal, whereas in the latter case, each user utilizes a
transmission (or reception), an adaptive antenna system can  ynique pilot signal. The QoS is improved butat the expense of
steer the radiated energy towards (or from) the desired mobile  additional allocated resources, (e.g., power, codes, etc). Con-
user, while at the same time, minimize the interference to sequently, less power is available to other mobile users,

other mobile users. Steered-beams req}lire qalibration to esti- 50 adversely impacting system capacity and data throughput.
mate and compensate for any signal distortion present 1n.the A further drawback concerns inflexibility and signaling
signal path from baseband to the antenna elements and vice- delays. Suppose amobile could receive a better signal from an
versa. alternative, secondary pilot per beam. The network must
ime-varying, multipath fading serious egrades the erefore periodically investigate which secon ilot is

T rying Itipath fading ly degrades th therefore periodically tigate which dary pilot
quality of the received signals in many wireless communica- 55 most appropriate, i.e., received at maximum power. The
tion environments. One way to mitigate deep fade effects and antenna system and the mobile radio must be signaled by the
provide reliable communications is to introduce redundancy network to report back several measurement reports. If the
(diversity) in the transmitted signals. The added redundancy network determines that a new beam should be used to trans-
may be in the temporal or the spatial domain. Temporal (time) mit the user-specific data, then the antenna system is
diversity is implemented using channel coding and interleav- 60 instructed to change beams, and the mobile radio is signaled
ing. Spatial (space) diversity is achieved by transmitting the to start using the alternative secondary pilot channel as a
signals on spatially-separated antennas or using differently phase reference. Such procedures cause delays and require

polarized antennas. Such strategies ensure independent fad- significant signaling overhead.

ing on each antenna. Spatial transmit diversity can be sub- Receiver diversity is widely used in today’s wireless infra-
divided into closed-loop or open-loop transmit diversity 65 structure and it offers substantial benefits in terms of uplink

modes, depending on whether feedback information is trans-
mitted from the receiver back to the transmitter.

coverage and capacity. Further, transmit diversity can be use
to improve the downlink performance and it may become a
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3

key feature in the 3" generation wireless systems. But trans-
mit diversity signals are transmitted throughout the cell caus-
ing increased interference to other users, even though the
intended mobile user is located in a certain direction. None-
theless, combining transmit diversity with narrower, directed
beams can offer significant benefits.

The above-identified drawbacks of current multi-beam
architectures are overcome with an antenna system that
includes an antenna array for transmitting a common signal in

4

signals and generates N signals which are provided to the
antenna array. Before the beam forming network receives the
N signals, each signal passes through beam-specific transmit
filtering circuitry. The beam transmit filters cancel the com-
mon signal in all outputs of the beam forming network except
at a center antenna element output. But the common signal is
transmitted simultaneously on the N beams with equal or
approximately equal power and phase.

Beam-weighting circuitry weights the user-specific signal

a wider beam covering a a sector cell and a mobile-user 10 with a beam weight corresponding to each beam and provides
specific signal in a narrower beam covering only part of the weighted, user-specific signals to the corresponding beam
sector cell. Transmitting circuitry is coupled to the antenna transmit filters. Bach user-specific beam weight may be a
array and to filtering circuitry. In a first, “mixed beam”  function of the uplink average power received in the corre-
embodiment, the filtering circuitry filters the user-specific  sponding beam. An example function is the square root. The
and common signals to compensate for distortions associated 15 yger-specific beam weights are selected to direct radiated
with their conversion from baseband frequency to radio fre- energy in a relatively narrow beam from the antenna array to
quency. The filtering circuitry and beam weighting circuitry a desired mobile user.

e.nsure.that th.e user-spegiﬁc and common signals are substan- Receiving circuitry is coupled to the beam forming net-
:Elli/y gtmz aclgrtlzf Zﬁ?eﬁlngh?jznigg a{ljt::lrl-lspaercr?gc(psri?g%; 1 20 Wprk apd toa signal processor. The signal.processor com-

; . . bines signals received on the N beams to estimate a received
Welghts are designed to radiate a narrower be?lm (compared.to signal and determines an average uplink power for each
the Wlde’ sector-covering l?eam) in the direction of the mpblle beam. Those average uplink powers are used to determine the
station such that each mobile canuse the same common signal user-specific beam weights. The mixed beam embodiment
as a phase reference for channel estimation and demodula- may be implemented in transmit diversity branches and/or in
tion. . . . 2 receive diversity branches.

In a second, “steered beam” embodiment, the filtering cir- . .
cuitry filters the user-specific and common signals to com- In a more detailed ex?lmple of the steered beam embodi-
pensate for distortions associated with their conversion from ment, the antenna array includes N antenna elen.lentsf Wher ©
baseband frequency to radio frequency. The filtering circuitry N 1S a positive 1nteger—even or odd. The filtering circuitry
and beam weighting circuitry ensure that the user-specific 30 1ncludesNaptenna transmit filters, apd each antenna transmit
and common signals are time-aligned and have a controlled filter is assgmated witha correspopdmg antenna element. The
phase difference when received at each mobile user in the common signal and the user-specific signal may be transmit-
cell. Each mobile user can use the common signal as a phase ted s.1mult.ane0u§1y from %H N antenna elements. T he user-
reference for channel estimation and demodulation. That speplﬁc signal is tr ansmltted with N user-specific .beam
phase difference is preferably controlled to obtain a good 35 weights, each user-specific beam weight cor.respondlng fo
tradeoff between required transmit power, radiated interfer- one of the N antenna elements. The beam Welghts are com-
ence, and quality of service to the users. Beam forming p.lex n}lmbers used to phase.-rotatfz and amphfy th.e user-spe-
weights are used not only to radiate a narrower beam to the cific s.1gna1. The common signal is transmltted with N com-
desired mobile user (as in the mixed beam embodiment) but mon signal beam weights, each common signal beam weight-
also to direct wider common signal beam to reach all mobile 40 cor.respondlng to one of the N antenna elements. These beam
users in the cell. weights may also be compl.ex numbers us.ed to phase-rotate

In an example, steered-beam implementation, the wide apd amplify the common signal. Alternatively, the common
beam carrying the common signal is transmitted only from a signal may be transmitted frqm only one antenna such as the
center antenna element in the antenna array. Using the center central antenna element. In this case, the beam weights for the
antenna element to generate the wide common beam permits 45 other antenna elements may be .set to zero. )

a correlation of the controlled phase difference between the In the steered beam embodiment, the user-specific and
common and user-specific signals received by themobileuser ~ common signal beam forming weights are determined (1) to
to be less than or equal to a target value that ensures a desired ~ Yield high antenna gain so that the generated interference is
quality of service. Alternatively, the wide beam carrying the ~ reduced and (2) to keep the phase difference between the
common signal may be generated using multiple antenna so user-specific signal and the common signal at an acceptable
elements in the antenna array. Since the antenna elements are level. The common signal is the phase reference signal for all
generally fixed in a predetermined “look direction” during the ~ mobiles in the cell, and the controlled phase difference
antenna array installation, all antenna elements can be uti- between the common and user-specific signals can be viewed
lized in conjunction with baseband signal processing to form as random with its distribution being affected by statistics of
awide beam with desired characteristics, which couldchange ss the channel as well as the transmitter weights used.

with time depending on the cell planning. Beam forming In the receive side of the antenna system in the steered
weights applied to user-specific signal results in steering a beam embodiment, a beam forming network, (which is not
narrower beam towards the mobile user from the antenna required in the steered beam embodiment on the transmit
array. Providing such beam steering for both the user-specific side), may be coupled to the N antenna elements for generat-
signal beam and the common signal beam permits more intel- 60 ing N received beams. Receiving circuitry is coupled to the
ligent aiming of both signal types in the cell. beam forming network and to a signal processor. The signal

In a more detailed, non-limiting example of the mixed processor processes signals received on the N received beams
beam embodiment, the antenna array includes N antenna to estimate a received signal. The signal processor determines
elements, where N is an odd positive integer greater than one. uplink channel statistics per user and predicts the correspond-
A beam forming network is coupled between the antenna 65 ing downlink channel statistics. The steered beam embodi-

array and the transmitting circuitry. The beam forming net-
work receives in each beam the user-specific and common

ment may also be used in transmit and/or receive diversity
branches.
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The technology described in this application provides
numerous advantages. First, common and user-specific sig-
nals can be transmitted without requiring a separate sector
antenna. Second, neither secondary nor dedicated pilot sig-
nals are required as a phase reference. Third, the common and
user-specific signals are transmitted without being distorted
as a result of travel/processing from baseband outputs to the
antenna elements. Fourth, the common and user-specific sig-
nals are received at the mobile terminals approximately in-

6

programmed microprocessor or general-purpose computet,
using one or more application specific integrated circuits
(ASICs), and/or using one or more digital signal processors
(DSPs).

The invention relates to a multi-beam antenna system. A
non-limiting example of a multi-beam antenna system is an
adaptive array antenna, such as that shown in FIG. 1, which
illustrates an example narrow antenna beam transmitted from
the adaptive antenna encompassing a relatively narrow area in

phase (in the mixed beam case) or subject to some controlled 10 the sector cell where a desired mobile station is located.
random variations (in the steered beam case) and time- Because the side lobes are relatively low, there is less inter-
aligned, i.e., subject to approximately the same channel delay ference caused by the narrow beam to other mobiles and
profile. Fifth, because the antenna array radiates the user- adjacent cells. Moreover, the intended mobile radio is more
specific channels in a narrower beam directed to the desired likely to receive the desired transmission at a higher signal-
mobile user, interference is suppressed to spatially-separated 15 to-noise ratio using the directed narrow beam shown in FIG.
mobile users. Sixth, combining beam forming and transmit 1.
diversity or transmit/receive diversity offers significant ben- FIG. 2 illustrates a cellular network with a base station
efits. A seventh advantage is transparency. Mobile users need transmitting a sector beam in one sector cell, a base station
not be aware of the architecture or the implementation of the transmitting a fixed multi-beam antenna pattern in another
antenna array. Eighth, backward compatibility permits ready 20 sector cell, and a base station transmitting a steerable beam in
system integration. No change to radio network controllers in athird sector cell. Both FIGS. 1 and 2 illustrate how adaptive
the radio network is required. Ultimately, the invention may antennas spread less interference in the downlink direction
be used in any wireless system that can exploit downlink and suppress spatial interference in the uplink direction. This
beamforming. increases the signal-to-interference in both uplink and down-
25 link directions, and therefore, increases overall system per-
BRIEF DESCRIPTION OF THE DRAWINGS formance.
An example cellular system 1 is shown in FIG. 3 in which
FIG. 1 illustrates an adaptive antenna system transmitting the present invention may be emp]oyed, A radio network
in a sector cell; controller (RNC) base station controller (BSC) 4is coupled to
FIG. 2 illustrates a cellular network with a base station 30 multi base stations 8 and to other networks represented by a
transmitting a sector beam, a base station transmitting a  cloud 2. Each illustrated base station BS1 and BS2 services
multi-beam, and a base station transmitting a steerable beam; ~ multiple sector cells. Base station BS1 services sector cells
FIG. 3 illustrates a cellular communication system; S1, S2, and S3, and base station BS2 services sector cells S4,
FIG. 4 illustrates an antenna system in accordance with a S5, and S6.
mixed beam example embodiment; 35 An antenna system in accordance with a mixed beam,
FIGS. 5A-5D illustrate beam patterns for the synthesized non-limiting, example embodiment is now described in con-
sector covering beam and the narrow beams as well as the junction with FIG. 4. The antenna system 10 includes an
relative phase offset between the synthesized sector beam and antenna array 12 with multiple antenna elements 14. The
a narrow beam as a function of direction of arrival; antenna array 12 includes an odd integer number N of antenna
FIGS. 6A-6B illustrate relative phase offset between the 40 elements designated A, A, . . ., A, In the example of FIG.
received common signal and a received user-specific signal as 4, N=3. A single beam forming network (BFN) 16 generates
a function of mobile direction; N narrow beams. The same beams are used for both uplink
FIG. 7 illustrates an antenna system in accordance with a and downlink. A beam forming network is a multiple input,
steered beam example embodiment; multiple output port device. Each beam forming network port
FIG. 8 illustrates an antenna system in accordance with a 45 corresponds to one of the narrow beams of the multi-beam
special case of the steered beam example embodiment; antenna system. A beam forming network may include active
FIGS. 9A-9B illustrate performance of the mixed and  or passive components. With passive components, the beams
steered beam example embodiments; are designed during the manufacturing process and remain
FIG. 10 illustrates an example, mixed-beam, diversity fixed. For active components, the beams may be steered adap-
embodiment; and 50 tively. A well-known, suitable, passive beam forming net-
FIG. 11 illustrates an example, steered-beam, diversity work operating in the radio frequency (RF) range that pro-
embodiment. duces multiple narrow beams from an array of uniformly
spaced antenna elements is a Butler matrix.
DETAILED DESCRIPTION The beam forming network 16 in FIG. 4 operates in both
55 transmission and reception directions. A signal to be trans-
The following description, for purposes of explanation and mitted is connected to one of the input ports of the beam-
not limitation, sets forth specific details to provide an under- forming network 16 which then directs the signal and trans-
standing of the present invention. But it will be apparent to mits it on all antenna elements. Depending upon the input port
one skilled in the art that the present invention may be prac- chosen, each signal designated to a particular antenna ele-
ticed in other embodiments that depart from these specific 60 ment is subject to a particular phase rotation. The overall
details. In other instances, detailed descriptions of well- result is that the main lobe or beam is generated at a certain
known methods, devices, and techniques, etc., are omitted so direction. When an alternative beam port is used, the beam
as not to obscure the description with unnecessary detail. appears in another direction. In short, the output of the
Individual function blocks are shown in one or more figures. antenna elements is a formed beam.
Those skilled in the art will appreciate that functions may be 65  Each beam input to the beam forming network is coupled to

implemented using discrete components or multi-function
hardware. Processing functions may be implemented using a

a corresponding duplex filter (Dx) 18. Duplex filters 18 pro-
vide a high degree of isolation between the transmitter and the
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receiver and permit one antenna to be used for both uplink
reception and downlink transmission. Each beam also has a
corresponding transmitter (Tx) 20 coupled to a corresponding
duplex filter 18. The transmitter 20 typically includes power
amplifiers, frequency up-converters, and other well-known
elements. Each duplex filter 18 also is coupled to a corre-
sponding receiver (Rx) 22. Each receiver 22 typically
includes low noise amplifiers, intermediate frequency down-
converters, baseband down-converters, analog-to-digital

8

Unlike the common signals which are transmitted with
equal power on all downlink beams in this embodiment, the
user-specific signals are weighted with a user-specific beam
weight w,, applied to each downlink beam. Each user-specific
transmit w, applied to downlink beam n is chosen to be a
function of the uplink average received power p,,. An example
of'such a function can be expressed forn=1, 2,..., Nwith a,
[, and p real positive numbers as follows:

converters, and other well-known elements. The outputs from 10 w,=a(p,+p)? Equation 1:
the receivers 22 are provided to a signal processor 32 which .
decodes the received signal from a mobile user and generates Here, p,. p,, and p; denpte the average uphnk.power s on
an output shown as dZ. The signal processor 32 also gener- ~ beams 1,2 and 3 3 respectively. Th? average uplink powers
ates N beam weights (w,) to be applied to user-specific sig- depend on the radio channel statistics and the antenna array
nals as shown in the weighting block 28. 15 design. It may be assumed that the average downlink powers
The user-specific signal, shown as dPZ, is input to the are approximately the same as the average uplink powers. As
weighting block 28 which includes N multipliers 30 for mul- one example, the beam weights are selected as proportional to
tiplying the user-specific signal with a corresponding beam the square root of the received energy, p=0 and =Y5.
weightw,,. The common signal ¢c™* is split into N copies of the Signals from all beams in the uplink direction received via
common signal by a signal splitter 29 but is not weighted in 20 the beam forming network 16, duplexers 18, and receivers 22
this example. Each weighted, user-specific signal and the ;e combined in the signal processor 32 to yield an estimate of
common signal are suinmed at a corresponding summer 26, - gne decoded uplink signal d**. Inaddition, the average uplink
The output of each summer 26 is forwarded to a beam filter grogvczrsssg: gozr igcga?fiazrfh?iasxi ;:éiigze\?v:i}:ggi it]gnfﬁ
(F,) 24, each beam having its own beam ﬁlt.er 24.The output 25, cordance with the above equation. The average upiqink
of each beam filter 24 is then provided to its corresponding beam powers give information about the mean angle of arrival
traf[lirélgg;rnf(;énerate d from one antenna element. the center and the scattering in the radio environment of the desired
Lo . . ’, incoming signal. The mean direction of arrival is approxi-
f\}vegnoernrtrﬁié%&;ﬁzagéﬁfeiﬁzorglizg,irzvtlllllebaen?e]:ﬁa; ﬁ:; . mately e%luai%nto the mean direction of departure of the I()lle):sired
the generated beam can be narrower. In contrast with conven- Slgna?' . .
tional, fixed-beam systems where the single uplink beam with This examp}e ofthe mlxed-be.:am embodiment ensures that
the strongest average received power is used to transmit user- th? common signals are transmitted on the center, wide-cov-
specific signals in the downlink, the user-specific signals are ering antenna f:lement of the antenna array 12, and that the
transmitted in the downlink on all beams. 35 user-spe01.ﬁc signals are transmitted from all antenna ele-
One of the benefits of the mixed beam embodiment is that ments 14in the antenna array 12. The beam spemﬁc Welghts
the user-specific and common signals are approximately in- w, direct the radiated energy tow grds the.: desired user via a
phase and time-aligned (1) at the center antenna element in narrower directed beam Wthh limits the interference caused
the base station antenna array, and (2) when they are received by that ‘peam to other mobile users. No separate sector
at each mobile user. The primary common pilot signal, an 40 antenna 1s equired. qu does a separate, secondalty pilot
example common signal, is typically used for measurements signal geed to be transmitted on.each beam. And no pilots on
and as a phase reference, and for those reasons, it typically is the dedicated channels are required.
transmitted over the entire sector cell. The pilot signal To illustrate advantages of the mixed-beam embodiment of
includes a known data sequence which each mobile uses to FIG. 4, the graphs in FIGS. 5A-5D compare the relative
estimate the radio propagation channel. As the mobile moves, 45 antenna gainand phase offset between a sector covering beam
the radio propagation channel also changes. Regardless of and one of the fixed, narrow beams as a function of direction
changes in the channel, an accurate radio channel estimate of arrival. FIGS. 5A and 5B eniploy a non-optimized, random
(determined from the received common signal) is needed in ~ beam weights to transmit the common signal as outlined in
order for the mobile station to detect and decode the user-  the following: Martinex-Munoz, “Nortel Networks CDMA
specific data transmitted in a narrower beam. so Advantages of AABS Smart Antenna Technology.” The CDG
Common signals, such as primary common pilots, paging, Technology Forum, Oct. 1, 2002, the contents which are
etc., are transmitted simultaneously on all beams with equal incorporated by reference. FIGS. 5C and 5D employ beam
power. The common signal is split by splitter 29 and applied specific transmit filters 24 tuned so that the common signal is
to each beam path via a corresponding summer 26 to the transmitted from the center antenna only. The relative phase
associated beam specific transmit filter 24. Each filter 24 is ss offsetis measured near the antenna array and notat the mobile
designed in one example of the mixed beam embodiment so user location.
that the common signal is transmitted only by the center The relative phase offset between user-specific signal
antenna element 14 of the antenna array 12. The filters 24 in transmitted in the best beam and the common signal is zero
one example implementation may cancel the common signals over the entire angle of arrival for the sector cell. For the
in all outputs of the beam forming network 16 except for the 60 non-optimized beam weights, the relative phase offset and
output to the center antenna, which in this case is antenna A ,. amplitude vary significantly depending on the angle of
Each beam specific transmit filter 24 compensates for distor- arrival. Thus, in this simple case with no angular spread, the
tions in the radio chain starting from baseband frequency up mixed beam embodiment offers a smooth and stable sector
to the output of the beam forming network 16. The transmit covering beam as well as phase alignment between a common
filters 24 are designed to ensure that the user-specific signals 65 signal and a user-specific signal. With the mixed beam

and the common signals are in-phase and time-aligned at the
center antenna element A,.

embodiment, a common channel can be used for channel
estimation with no degradation due to phase offsets. On the
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other hand, an embodiment solution random beam weights
will suffer quality degradation due to larger phase offset
variations.

FIGS. 6A and 6B illustrate the mean and standard devia-
tion of the relative phase offset as seen by the mobile terminal
between the user-specific and common signals for angular
spreads of 5 and 10 degrees. The signals are transmitted using
the mixed-beam example embodiment of FIG. 4. The beam
weights are chosen according to Equation 1 above with p=0

10

can take into account the effect of noise and interference as
well as the expected operating conditions. One example beam
weight optimization approach selects the user-specific beam
weights so that the correlation between the resulting channels
is real so that its magnitude is maximized subject to a norm
constraint on the weight vector. A more sophisticated
approach is to minimize the norm of the beam weight vector
while ensuring that the correlation coefficient is equal (or
greater) than a certain target value. Noise and interference

and f=Y%. Despite the angular spread, the mean of the phase 10 levels can either be estimated, set as planning parameters, or
offset is zero, and the standard deviation is relatively small, considered as variables that can be adjusted while operating
causing only modest performance degradation for all mobile the system.
terminals in the sector cell when the common channel is used Common signals may be transmitted on all antenna ele-
as phase reference for channel estimation. ments. They may alternatively only be transmitted on a cen-
A second, non-limiting, example embodiment, referred to 15 tral antenna element in the special case shown in FIG. 8. This
hereafter as the steered-beam embodiment, is now described may be accomplished, for example, by setting common signal
in conjunction with the antenna system 40 illustrated in FIG. beam weights v, and v; to zero. In this special case, the
7. Like reference numerals refer to like elements throughout common signal ¢®* is provided only to one of the antenna
the figures. Both the user-specific and common signals are element paths via its corresponding summer 26 to the center
weighted by choosing the beam forming weights w,-w; 20 antenna element A,. In both FIG. 7 and FIG. 8 steered beam
(user-specific) and v,-v; (common) as arbitrary complex implementations, the user-specific signals are transmitted on
numbers, the resulting beam patterns for both the user-spe- all antenna elements and are weighted using corresponding
cific and common signals can be steered in arbitrary direc- user-specific beam weights w,,.
tions with more flexibility as compared to the mixed beam The beam forming weights w,, and v,, may be, for example,
embodiment. The antenna array 12 may include an even or 25 complex numbers used to phase rotate and amplify their
odd number N of antenna elements 14. So the three antenna respective user-specific or common signal. Each mobile user
elements A1-A3 shown are only an example. has its own set of beam weights w,,. From received signals in
The beam forming network 16 in the steered-beam the uplink, the signal processor estimates directions and chan-
embodiment 40 is not necessary in the transmit direction. nel statistics of the mobile users in the cell, and from this
Hence, the beam forming network 16 is placed between 30 information, decides on a wide beam shape to be used in the
duplexers 18 and the receivers 22 and is used to form the downlink to ensure all mobile users in the cell receive the
received beams B, B,, and B; processed by the receivers 22 common signal with satisfactory signal strength. That wider
and the signal processor 42. The signals to be output by the beam shape depends on the beam weights v,,. Various meth-
transmitters 20 are provided to their corresponding antenna ods for designing beam shapes are known to those skilled in
element 14 via corresponding duplexer 18 without being 35 the art. See, for example, Smart Antennas for Wireless Com-
processed by the beam forming network 16. The beam form- munications: 1S-95 and Third Generation CDMA Applica-
ing network 16 is optional in the steered-beam embodiment tions, J. C. Liberti, and T. S. Rappaport, Rentice Hall PTR,
for receiving mobile user signals. 1999. Ultimately, the beam forming beam weights w,, and v,,
In contrast to the mixed-beam embodiment, each antenna permit the user-specific signal to be directed specifically to
A, is directly associated with a corresponding antenna-spe- 40 the mobile user and the common signal to be transmitted to all
cific transmit filter (F,,) 24. Signals designated to be transmit- users in the cell.
ted on the nth antenna element first pass through the nth filter These beam weights are preferably optimized so that the
(F,,) 24. The antenna-specific transmit filters 24 are designed antenna array gain is maximized, the interference spread is
so that common and user-specific baseband signals arrive on minimized, and the common signal can be used as a phase
each antenna without distortion in gain, phase, and timing 45 reference by all mobile user in the cell. The beam weights w,,,
that might otherwise result from baseband-to-RF conversion. n=1,2,...N,and v,, n=1,2, ... N, may be chosen so that the
The filtering circuitry together with the beamforming weights correlation between the channel experienced by the user-
for the user-specific signal also ensure that the user-specific specific and common signals is real and so that the correlation
and common signals are time-aligned and have a controlled magnitude is maximized subject to a norm constraint on the
phase difference when received at each mobile user in the 50 weights. That example approach is set forth in Equation (9)
cell. This allows each mobile user to use the common signal below.
as a phase reference for channel estimation and demodula- Another beam forming weight optimization technique is to
tion. Recall that the signals received at the mobiles in the maximize the gain of the antenna array which can be viewed
mixed beam embodiment are approximately in-phase. In the as minimizing the generated interference with a constraint on
steered beam embodiment, the phase error or difference 55 the phase difference at the mobile between the common and
between the user-specific and common signals received at user-specific signals received at the mobile. Equation (13)
each mobile is controlled to obtain a good tradeoff between below describes the optimization problem. The signal proces-
required transmit power, radiated interference, and quality of sor 42 predicts the phase error at the mobile based upon
service to the users. statistical models of the downlink channel in terms of the
The effect of the phase difference in the steered beam 60 channel covariance matrix given in equation (7) below deter-
embodiment depends on noise and interference in both the mined either by mobile feedback or base station measure-
channel estimate as well as the user-specific signal to be ments, the beam weights used for the common signal and
demodulated. From a system point of view, it may not make possibly other feedback from the mobile station such as block
sense to minimize the phase difference if the effects of noise error rate (BLER), noise level, and interference level.
and interference are dominating how well the user-specific 65  The graphin FIGS. 9A and 9B illustrate the performance of

signal is being demodulated and decoded at a mobile termi-
nal. Thus, the filter and beamforming weight optimization

the mixed-beam and steered-beam example embodiments
subject to an angular spread of five degrees. In FIG. 9A the
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antenna gains of both the mixed and steered beam embodi-
ments relative to a sector antenna are presented assuming an
antenna array of three antenna elements. The antenna gain for
the steered beam embodiment is almost constant over the
sector cell and as high or significantly higher than the gain
with the mixed beam embodiment. FIG. 9B illustrates a rela-
tive phase offset between the received common and user-
specific signals at the mobile station. The standard deviation
of'the phase difference in general is smoother and lower than
for the mixed beam embodiment. The steered beam embodi-
ment thus offers as good as and in most cases better perfor-
mance as compared to the mixed beam embodiment

Two, detailed, example approaches for optimizing beam
forming weights for the steered beam embodiment are now
described. Of course, other weight optimization approaches
may be employed.

Let 2N+1 denote the number of antenna elements in the
uniform linear antenna array. For simplicity, an odd number
of antenna elements is considered to ease the notation, but the
approach and optimization is not limited to this case. Two
adjacent elements are separated by half a wavelength denoted
by A/2. The channel experienced by the common signal r_and
the user-specific signal r,, is modeled as:

r=vh Equation 2:

r=wh Equation 3:
where v and w are column vectors holding the transmit
antenna weights for the common and user-specific signals,
respectively. The signals from the multiple transmit antenna
to the mobile is denoted by h. In particular, h is modeled as

Equation 4:

P
h= Z apa(@p)
p=1

where P, 8,, and o, denote the number of propagation paths,
the angle of arrival (or departure) of the pth path, and the
complex path gains of the pth path, respectively. The antenna
array response from a wave incident at an 6, is given by

Equation 5:
e—ﬂrNsinQP
P sinflp
a(b,) = 1
eﬂ(( N—l)sin9p
eﬂrNsinQ;,

Assumptions: The angles of arrival 0, are independent and
identically distributed (i.i.d.) random variables with 6, mean
and o,” variance. Let f(8pl6,, 0,>) denote the probability
density function (pdf) of 6,,. The pdf of 8 is usually assumed
to be Gaussian, uniform, or Laplacian. The complex path
gains o, are i.i.d. complex Gaussian random variables with
zero mean and variance o>, Furthermore, assume that the
path gains and the angles of arrival are statically independent,
and their joint distribution is given by:

20
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Equation 6:

,
FOL o Opar, e =] | £, 160, 7N (@30, 0)
p=1

where CN(x:11,0%) denotes that x is distributed as a complex
Gaussian random variable with mean p and variance o
Without loss of generality, we assume that o,,>=1/P.

The correlation between the dedicated and the common

channels is given by:

p=E{r/}=vFRw Equation 7:

where R denotes the channel covariance matrix, which is
given by:

R=E{hh*}=E{0(0)a’(0)} Equation 8:

The correlation depends on the angle of 0, and the angular

spread. As an example only, let the common signal be trans-
mitted on the center antenna. That is v=[0,,.,; 1, 0,117

The transmit antenna weights w could be chosen such that

the correlation p is real and maximized for a norm constraint
on the weights. This leads to the following:

w=kRv Equation 9:

where k is a real positive value chosen to fulfill the chosen
norm constraint.

The pdf, f(0) of the relative phase 6 between two correlated

zero-mean Gaussian random variables X and Y has been
derived analytically in J. G. Proakis, Digital Communica-
tions, 3 Ed., McGraw-Hill, 1995. Let u denote the correla-
tion coefficient between X and Y, that is:

Equation 10:

E{xy?
u= X7 = |ule™ "

E(IXI}E{Y?)

50 Then, as shown in the Proakis text just-referenced:

55

60

65

Equation 11:

R
fOlw=—

1
- -

1 —|pl?cos2(@— &)
|ulcos(6 — &)

— W _cos7H(—|plcos(8 - g,))
(L~ [uPeos2(0— £, g "

Replacing X andY by r.. and r,, respectively, and account-

ing for noise in a channel estimate as well as noise in the
demodulation process, the correlation coefficient between the
dedicated and the common channels is given by:
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Equation 12:
Efrer)
VEl) + 02\ Ellral? + 03
v R(@o)w

Hw) =

B OHR@ W + 2 RO + o2

14

While the invention has been described in connection with
what is presently considered to be the most practical and
preferred embodiment, it is to be understood that the inven-
tion is not to be limited to the disclosed embodiment, but on
the contrary, is intended to cover various modifications and
equivalent arrangements included within the spirit and scope
of'the appended claims.

The invention claimed is:

10 1. An apparatus in a transmitter, comprising:
an antenna array including multiple antenna elements for
where 6,2 and o, represent the noise in the channel estimate transmitting a wide beam covering a majority of a sector
and the noise in the received user-specific signal to be cell that includes a common signal and at least one
demodulated. The noise levels may be estimated or taken as narrow beam covering only a part of the sector cell that
parameters and be updated. It is clear that standard deviation 15 includes a mobile user-specific signal;
of the phase offset is determined by the correlation coeffi- transmitting circuitry coupled to the antenna array; and
cient. Further, for PSK signaling, the coefficient also deter- circuitry, coupled to the transmitting circuitry, for ensuring
mined the bit error probability. A possible optimization pro- that the user-specific signal and the common signal are
cedure is then to minimize the norm of w subject to the substantially in-phase and substantially time-aligned,
constraint that the cross correlation coeflicient isreal and that 20 wherein the circuitry is configured to compensate the user-
the magnitude is equal or greater than a target value, ..., specific signal before transmission so that the common
which determines the standard deviation and the bit error Signal received by a mobile receiver can be used by the
probability: mobile receiver to perform channel estimation without
having to use the mobile user-specific signal to perform
25 the channel estimation.
Equation 13: 2. The apparatus in claim 1, wherein the circuitry includes
min wihe filtering circuitry configured so that the common signal is
transmitted only from a center antenna element in the antenna
5-[-/-4("")2 = Mgzrget’ Im p=0 array.
30 3. The apparatus in claim 1, wherein the circuitry is con-
figured to ensure that the user-specific signal is in-phase and
This is straightforward using Lagrange multipliers. It is also  tjme-aligned with the common signal at a center antenna
possible to include other constraints, e.g. to minimize the element in the antenna array.
interference is spread in certain directions. . 4. The apparatus in claim 1, wherein the circuitry includes
A third example, non-limiting embodiment combines the 35 fijtering circuitry configured to compensate distortions in the
mixed-beam embodiment with transmit and receive diversity common signal and the user-specific signal associated with
as illustrated in FIG. 10. But the mixed-beam embodiment conversion of the common signal and the user-specific signal
may be c.omb.lned just Wlth transmit diversity or Just with from baseband frequency to radio frequency.
receive (ﬁversr[y. Dlve.:rsr[.y can be. 1mp1eme1}ted with anten- 5. The apparatus in claim 1, wherein the antenna array
nas of different pqlarlzatlon, sp.at.lal separation, or by other 40 ;. judes an odd number N of antenna elements, where N is a
well-known techniques. Combining transmit diversity and  pitive integer greater than 1, the apparatus further compris-
beam forming reduces the interference that otherwise would ing:
occur When dlver§1ty signals are transmltteq thrqughqut the a beam forming network, coupled between the antenna
cell. Itis thus posmble to benefit from both a diversity gain and array and transmitting circuitry, for receiving the user-
an antenna gain. . = specific signal and the common signal and generating N
L11§e reference I}umerals refe?r to like .elements alregdy narrow beams to be provided to the antenna array.
described above, with the following exceptions. The left-side 6. Th tus in claim 5. furth s
of FIG. 10 includes a transmit diversity branch 1 (TxDB1) - +11C apparatus 1h claim . Cr COmprIsiig:
and a receive diversity branch 1 (RxDB1). The right-side of recetving circuitry coupled to the beam. f?’rm“%g nf:twork;
FIG. 10 illustrates the second transmit and receive diversity 50 & signal processor, coupled to the receiving circuitry, for
branches TxDB2 and RxDB2. The common signal distribu- processing signals received on the N beams to estimate
tion block 36 distributes the common signal to both transmit areceived signal and for determining an average uplink
diversity branches. Similarly, the user-specific signal distri- received signal power for each beam.
bution block 37 distributes the specific signals to both trans- 7. The apparatus in claim 5, wherein the beam forming
mit diversity branches. Multiplexers 34 and 35 multiplexesall 55 network is configured to transmit the common signal simul-
the received signals into the two received signal streams  taneously on the N beams with equal or approximately equal
which are processed by the signal processor 32 to generate a power.
decoded mobile user signal d“* as well as the beam-specific 8. The apparatus in claim 7, wherein the beam forming
beam weights w,,. network is configured to transmit the user-specific signal
FIG. 11 illustrates a fourth, non-limiting, example embodi- 60 simultaneously on the N beams with a power that is deter-
ment which is the steered-beam embodiment incorporating ~ mined using N user-specific beam weights, each user-specific
both transmit diversity and receive diversity. But the steered ~ beam weight corresponding to one of the N beams, such that
beam embodiment may be combined just with transmit diver- a beam narrower than a beam radiating the common signal is
sity or just with receive diversity. Diversity can be imple-  radiated in a direction of the user.
mented with antennas of different polarization, spatial sepa- 65 9. The apparatus in claim 8, wherein each user-specific

ration, or by other well-known techniques. The various
diversity branches are labeled in FIG. 11.

beam weight is proportional to a function of an uplink average
signal power received on the corresponding beam.
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10. The apparatus in claim 7, further comprising:

first and second antenna arrays each including an odd num-
ber N of antenna elements, where N is a positive integer
greater than 1, for transmitting a wider beam covering a
majority of a sector cell that includes the common signal
and at least one narrower beam covering only a part of
the sector cell that includes a mobile user-specific sig-

16

transmitting circuitry coupled to the antenna array; and

circuitry, coupled to the transmitting circuitry, for ensuring
that the user-specific signal and the common signal are
substantially time-aligned and have a controlled phase
difference when received at mobile stations in the sector
cell,

wherein the circuitry is configured to compensate one or

nal; both of the common signal and the user-specific signal
first transmitting circuitry coupled to the first antenna before transmission by the transmitter so that the com-
array; 10 mon signal received by a mobile receiver can be used by
second transmitting circuitry coupled to the second the mobile receiver to perform channel estimation with-
antenna array; out having to use the mobile user-specific signal to per-

a first beam forming network, coupled between the first form the channel estimation.
antenna array and the first transmitting circuitry, for 17. The apparatus in claim 16, wherein the circuitry
receiving the user-specific signal and the common signal 15 includes filtering circuitry configured so that the common
and generating N narrow beams to be provided to the signal is transmitted only from a center antenna element in the
first antenna array; antenna array.

a second beam forming network, coupled between the sec- 18. The apparatus in claim 16, wherein the circuitry is
ond antenna array and the second transmitting circuitry, configured so that the wide beam carrying the common signal
for receiving the user-specific signal and the common 20 is generated using multiple antenna elements in the antenna
signal and generating N narrow beams to be provided to array.
the second antenna array; 19. The apparatus in claim 16, wherein the circuitry

first circuitry, coupled to the first transmitting circuitry, for includes filtering circuitry configured to compensate distor-
ensuring that the user-specific signal and the common tions in the common signal and the user-specific signal asso-
signal at the first antenna array elements are in-phase 2> ciated with conversion of the common signal and the user-
and time-aligned; and specific signal from baseband frequency to radio frequency.

second circuitry, coupled to the second transmitting cir- 20. The apparatus in claim 16, further comprising:
cuitry, for ensuring that the user-specific signal and the beam weighting circuitry for weighting the user-specific
common signal at the second antenna array are in-phase signal with a user-specific signal beam filter weight cor-
and time-aligned. 30 responding to each antenna and providing each

11. The apparatus in claim 10, further comprising: weighted user-specific signal to a corresponding

first receiving circuitry coupled to the first beam forming antenna transmit filter.
network; 21. The apparatus in claim 20, wherein the user-specific

second receiving circuitry coupled to the second beam 3 signal beam filter weights are configured so that radiated
forming network; energy from the antenna elements is directed to a desired
asignal processor, coupled to the first and second receiving mobile user.
circuitry, for processing signals received on the N beams 22. The apparatus in claim 20, further comprising:
from the first beam forming network and on the N beams beam weighting circuitry for weighting the common signal
from the second beam forming network to estimate a 2 with a common signal beam filter weight corresponding
received signal. to each antenna and providing each weighted common

12. The apparatus in claim 1, further comprising: signal to a corresponding antenna transmit filter.

beam weighting circuitry for weighting the user-specific 23. The apparatus in claim 22, wherein the common signal
signal with a user-specific signal beam filter weight cor- beam filter weights are configured so that radiated energy
responding to each beam and providing each weighted ,, from the antenna elements is directed in a desired shape in the
user-specific signal to a corresponding beam filter. sector cell.

13. The apparatus in claim 12, wherein the user-specific 24. The apparatus in claim 22, wherein the user-specific
signal beam filter weights are configured so that radiated signal and common signal beam weights are complex num-
energy from the antenna elements is directed to a desired bers used to phase-rotate and amplify the user-specific and
mobile user. 57 common signals, respectively.

14. The apparatus in claim 12, wherein the beam weighting 25. The apparatus in claim 22, wherein the beam weighting
circuitry is configured to apply the user-specific beam filter circuitry is configured to apply the user-specific beam filter
weights to the user-specific signal so that the common signal weights to the user-specific signal or the common signal beam
received by a mobile receiver can be used by the mobile filter weight to the common signal so that the common signal
receiver to perform channel estimation without having to use 55 received by a mobile receiver can be used by the mobile
the mobile user-specific signal to perform the channel esti- receiver to perform channel estimation without having to use
mation. the mobile user-specific signal to perform the channel esti-

15. The apparatus in claim 12, wherein the beam weighting mation.
circuitry is configured to compensate the user-specific signal 26. The apparatus in claim 22, wherein the beam weighting
to control a phase relationship between the user-specific sig- ¢y circuitry is configured to compensate the user-specific signal
nal and the common signal. to control a phase relationship between the user-specific sig-

16. An apparatus in a transmitter, comprising: nal and the common signal.

an antenna array including multiple antenna elements for 27. The apparatus in claim 20, wherein the user-specific
transmitting a wider beam covering a majority of a sec- beam filter weights are selected to match an average spatial
tor cell that includes a common signal and at least one 65 signature which is a complex valued measure of an average

narrower beam covering only a part of the sector cell that
includes a mobile user-specific signal;

received signal as a function of an angle at which the received
signal is received.
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28. The apparatus in claim 20, wherein the user-specific
beam weights are selected to minimize a transmitted power
allocated to a mobile user such that a standard deviation of a
phase difference between the common and user-specific sig-
nals received by the mobile user is less than or equal to a target
value that ensures a desired quality of service.

29. The apparatus in claim 16, further comprising:

abeam forming network coupled to the N antenna elements

for generating N received beams;

receiving circuitry coupled to the beam forming network;

a signal processor, coupled to the receiving circuitry, for

processing signals received on the N received beams to
estimate a received signal and for determining statistics
of a channel through which the received signals propa-
gate.

30. The apparatus in claim 16, further comprising:

first and second antenna arrays each including N antenna

elements for transmitting a wider beam covering a
majority of a sector cell that includes a common signal
and at least one narrower beam covering only a part of
the sector cell that includes a mobile user-specific sig-
nal;

first transmitting circuitry coupled to the first antenna array

for providing the user-specific signal and the common
signal to the first antenna array;

second transmitting circuitry coupled to the second

antenna array for providing the user-specific signal and
the common signal to the second antenna array;
first circuitry, coupled to the first transmitting circuitry, for
ensuring that the user-specific signal and the common
signal from the first antenna elements are substantially
time-aligned and have a controlled phase difference
when received at mobile stations in the sector cell; and

second circuitry, coupled to the second transmitting cir-
cuitry, for ensuring that the user-specific signal and the
common signal from the second antenna elements are
substantially time-aligned and have a controlled phase
difference when received at mobile stations in the sector
cell.

31. The apparatus in claim 30, further comprising:

a first beam forming network coupled to the antenna array;

first receiving circuitry coupled to the first beam forming

network;

a second beam forming network coupled to the antenna

array;

second receiving circuitry coupled to the second beam

forming network;

asignal processor, coupled to the first and second receiving

circuitry, for processing signals received on the N beams
from the first beam forming network and on the N beams
from the second beam forming network to estimate a
received signal.

32. A method implemented in a radio transmitter node
including an antenna array including multiple antenna ele-
ments, comprising:

filtering a user-specific signal and a common signal to

ensure that the user-specific signal and the common
signal are substantially in-phase and substantially time-
aligned at the antenna array, and

transmitting simultaneously from the antenna array a wider

beam covering a majority of a sector cell that includes
the common signal and at least one narrower beam cov-
ering only a part of the sector cell that includes the
user-specific signal,

wherein the filtering compensates the user-specific signal

so that the common signal received by a mobile receiver
can be used by the mobile receiver to perform channel
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estimation without having to use the mobile user-spe-
cific signal to perform the channel estimation.

33. The method in claim 32, further comprising:

transmitting the common signal only from a center antenna

element in the antenna array.

34. The method in claim 33, wherein the processing
includes compensating distortions in the common signal and
the user-specific signal associated with conversion of the
common signal and user-specific signals from baseband fre-
quency to radio frequency.

35. The method claim 33, wherein the processing includes
weighting the user-specific signal to ensure that the user-
specific signal are substantially in-phase and substantially
time-aligned with the common signal at a center element of
the antenna array.

36. The method in claim 33, wherein the antenna array
includes an odd number N of antenna elements, where N is a
positive integer greater than 1, and wherein a beam forming
network in the radio base station receives the user-specific
signal and the common signal and generates N narrow beams
to be provided to the antenna array.

37. The method in claim 36, further comprising:

transmitting the user-specific signal simultaneously on the

N beams with a power that is determined using N user-
specific beam weights, each user-specific beam weight
corresponding to one of the N beams, such that a beam
narrower than a beam radiating the common signal is
radiated in a direction of the user.

38. The method in claim 37, wherein each user-specific
beam weight is proportional to a function of an uplink average
signal power received on the corresponding beam.

39. The method in claim 37, further comprising:

processing signals received on the N beams to estimate a

received signal, and determining an average uplink sig-
nal power for each beam.

40. The method in claim 37 implemented in two transmit
diversity branches.

41. The method in claim 37 implemented in two receive
diversity branches, further comprising:

processing signals received on the N beams from the two

receive diversity branches to estimate a received signal.

42. The method in claim 32, further comprising:

applying user-specific beam filter weights to the user-spe-

cific signal so that the common signal received by a
mobile receiver can be used by the mobile receiver to
perform channel estimation without having to use the
mobile user-specific signal to perform the channel esti-
mation.

43. The method in claim 32, further comprising:

compensating the user-specific signal to control a phase

relationship between the user-specific signal and the
common signal.

44. A method implemented in a radio transmitter node
including an antenna array including multiple antenna ele-
ments, comprising:

before transmission by the radio transmitter node, process-

ing a user-specific signal and a common signal to ensure
that the user-specific signal and the common signal are
substantially time-aligned and have a controlled phase
difference when received at mobile stations in the sector
cell,

before transmission by the radio transmitter node, applying

user-specific beam filter weights to the user-specific sig-
nal or common signal beam filter weights to the common
signal so that the common signal received by a mobile
receiver can be used by the mobile receiver to perform
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channel estimation without having to use the mobile
user-specific signal to perform the channel estimation,
and

transmitting simultaneously from the antenna array a wider
beam covering a majority of a sector cell that includes
the common signal and at least one narrower beam cov-
ering only a part of the sector cell that includes the
user-specific signal.

45. The method in claim 44, further comprising:

5

20

selecting the common signal beam weights to direct radi-
ated energy from the antenna array in a desired shape.
52. The method in claim 49, wherein the user-specific and
common signal beam weights are complex numbers used to
phase-rotate and amplify the user-specific and common sig-
nals, respectively.
53. The method in claim 47, further comprising:
selecting the user-specific weights to match an average
spatial signature which is a complex valued measure of

transmitting the common signal from only one of the N 10 an average received signal as a function of an angle at
antenna elements. which the received signal is received.
46. The method in claim 44, wherein the user-specific 54. The method in claim 37, further comprising:
signal is transmitted simultaneously from the N antenna ele- selecting the user-specific beam weights to minimize a
ments. transmitted power allocated to a mobile user such that a
47. The method in claim 46, wherein the user-specific 15 standard deviation of a phase difference between the
signal is transmitted with a power and a phase rotation that are common and user-specific signals received by the
determined using N user-specific antenna weights. mobile user is less than or equal to a target value that
48. The method in claim 47, wherein the user-specific ensures a desired quality of service.
signal antenna weights are configured so that radiated energy 55. The method in claim 44, wherein the processing
from the antenna elements is directed to a desired mobileuser 20 includes compensating distortions in the common signal and
in the sector cell. user-specific signal associated with conversion of the com-
49. The method in claim 47, wherein the common signal is mon signal and user-specific signals from baseband fre-
transmitted with a power and a phase rotation that are deter- quency to radio frequency.
mined using N antenna weights. 56. The method in claim 44 implemented in two transmit
50. The method in claim 49, wherein the common signal 25 diversity branches.
beam weights are configured so that radiated energy from the 57. The method in claim 44, further comprising:
antenna elements is directed in a desired shape in the sector compensating one or both of the common signal and the
cell. user-specific signal so that the common signal received
51. The method in claim 50, wherein the user specific and by a mobile receiver can be used by the mobile receiver
common signals are transmitted simultaneously from the N 30 to perform channel estimation without having to use the
antenna elements with a power that is determined using N mobile user-specific signal to perform the channel esti-
user-specific and N common signal beam weights, respec- mation.
tively, each user-specific beam weight and each common 58. The method in claim 44, further comprising:
signal beam weight corresponding to one of the N antenna compensating the user-specific signal to control a phase
elements, further comprising: 35 relationship between the user-specific signal and the

selecting the user-specific beam weights to direct radiated
energy from the antenna array to a desired mobile user,
and

common signal.
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