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(57) ABSTRACT

Methods and apparatus are described for estimating a phase
offset between two channels in a communication system to
allow the use of both in determining a complex channel
estimate. The phase offset arises from the system’s rotation
of only one of the two signaling channels prior to its
transmission on one of the two antennas in transmission
diversity mode. The phase offset is calculated in a receiver,
such as a mobile station. For example, in a 3GPP system, the
DPCH, which is rotated, and the CPICH, which is not, may
be used in channel estimation.
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METHOD AND APPARATUS FOR
ESTIMATION OF PHASE OFFSET
BETWEEN COMMUNICATION CHANNELS

BACKGROUND

This invention relates to channel estimation in a receiver
and more particularly to channel estimation based on signals
in at least two channels, one of which may be a pilot signal
channel, and even more particularly to estimation of a phase
offset between the channels.

In a digital communication system, digital symbols rep-
resenting information are transmitted between different
nodes (e.g., base stations, mobile phones) to exchange
information.

A layered model often referred to as the OSI (Open
System Interconnection) model is often used to describe
communication systems. The lowest layer in that model,
where information streams consisting of bits are transmitted,
is often referred to as the physical channel. A physical
channel provides services with a pre-defined quality,
depending on the arrangement. In a simplified description, a
physical channel includes the formatting of bits in a pre-
defined format, coding, interleaving, modulation of a carrier,
transmission over a medium, down-conversion, demodula-
tion, de-interleaving, and forward error correction. In addi-
tion, there are many other functions that are required for
proper operation, such as synchronization in both time and
frequency and channel estimation. Pilot symbols are often
transmitted among information symbols on the physical
channels. These pilot symbols are then used in the receiver
to obtain synchronization and channel estimates. The chan-
nel estimates describe how the transmitted symbols are
affected by the channel (including the modulation, TX
front-end, medium, RX front-end, and demodulator) and are
used to reconstruct the signal in the receiver.

Physical channels can be of two types, dedicated physical
channels and broadcast channels. Dedicated physical chan-
nels are transmitted to one receiver while broadcast physical
channels are intended for multiple receivers.

The medium carries the electromagnetic or optical signal
between the antennas of the different nodes. In radio com-
munication systems the medium consists of “free-space”
(which is not free) and the signal is electromagnetic waves
propagating in this medium. Reflections due to buildings
and other obstacles, result in fading and dispersion. Disper-
sion may cause multi-path depending on the symbol rate on
the physical channel and the severity of the dispersion.

A base station most often transmits multiple physical
channels. In TDMA systems, physical channels from the
same base station are separated using time (and frequency if
multiple carriers are used). In FDMA systems only fre-
quency is used to separate different physical channels. In
spread spectrum CDMA systems, codes are used to separate
different users (and frequency if multiple carriers are used).

In the WCDMA system, based on the 3GPP specification,
the common pilot channel (CPICH) and the pilots transmit-
ted in the dedicated physical channel (DPCH) that are
transmitted from the same base station may be transmitted
using the same front-end and the same antenna at the base
station. Then, these two channels experience the same
medium response and thus channel estimates based on the
CPICH and DPCH are both useful for providing a good
estimate of channel coefficients. This is not the case when
the CPICH and the DPCH are transmitted using two differ-
ent antennas.
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Regardless of the channel used, a received signal differs
from the transmitted signal in various ways due to the effects
of passing through the transmission medium. In a medium,
such effects on a radio-frequency signal primarily include
multipath fading, interference from other signals passing
through the medium, and thermal noise. Fading is caused by
the interaction of the signal with reflections or echoes of
itself, and may result in large and highly localized amplitude
and phase shifts of the signal, known as Rayleigh fading. In
a radio environment, interference is often caused by the
unwanted presence of other radio signals. These other sig-
nals may be using the same channel as the desired signal
(sometimes called co-channel interference) or using an
adjacent channel (sometimes called adjacent channel inter-
ference). Thermal noise is present in all communication
channels, and causes additional distortion of the transmitted
signal. The signal received at the receiver can therefore be
thought of as a composite signal consisting of a desired
component and an impairment component. The impairment
component represents the effects of passage through the
medium, e.g., interference and noise.

At the receiver, a received signal is processed to obtain a
sequence or stream of digital samples, called here “received
samples” or a “received sample stream”, and these samples
may be represented as complex numbers. For example, the
received signal may be filtered, amplified, and mixed down
to baseband using in-phase and quadrature local oscillators,
and after analog-to-digital (A/D) conversion and synchro-
nization processing, a stream of complex received samples
r(n) is obtained. Each sample in the complex sample stream
r(n) may be represented as a sum of a real component and
an imaginary component, that is, r(n)=1(n)+jQ(n), where 1(n)
represents the in-phase components of the samples, Q(n)
represents the quadrature components of the samples, and n
is a sample time index.

Each complex received sample can also be represented as
a sum of the desired component and the impairment com-
ponent, that is, r(n)=s(n)+z(n), where s(n) is a stream of
desired signal components and z(n) is a stream of impair-
ment components, or noise. As noted above, the impairment
component samples z(n) may include interference from
other signals, such as co-channel and adjacent channel
interference and self-interference due to multipath propaga-
tion, and thermal or environmental noise. Often there are
several interfering signals, with one being the strongest in
power relative to the rest.

The receiver typically applies some form of baseband
signal processing to the received sample stream r(n) to
recover (or “detect”) the information symbols. Such base-
band signal processing may be based on a model of the
transmission medium. For example, the transmission
medium may be modeled as a filter having K complex
channel tap coefficients; the input to the filter is the trans-
mitted digital signal and the output from the filter is the
desired signal component. If b(n) represents the transmitted
digital signal, then the desired signal component samples
s(n) are given by:

SO=ROB()+I(1)b(=1)+ . . . +h(K-1) b(n-K+1)
where h(k) are the channel tap coefficients that are complex
values having both real parts and imaginary parts. The

channel tap coefficients may be expressed in polar repre-
sentation by:

R(E=a(ky®®
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where the amplitude of h(k) is a(k), which is the absolute
value of h(k). The phase of h(k) is expressed as 0(k).

Estimates of the channel tap coeflicients can be deter-
mined by various channel tap estimation techniques. Chan-
nel tap estimation, or channel tracking, is well known in the
art and is discussed, for example, in J. Proakis, Digital
Communications, 2d ed., pp. 624-627 McGraw-Hill Book
Co. (1989). Initial channel tap estimates can be obtained
from synchronization-signal correlation values or least-
squares estimation using known techniques.

Channel tap coefficient estimates h, (k) are used to cal-
culate a detected digital symbol sequence b, (n). For
example, if only h,(0) is non-zero (viz., if the medium is
modeled by a filter having only one tap) and b(n) is binary,
then b, (n) is given by:

baedm)y=sgnh o (0)*r(n)]
where sgn[x] denotes taking the sign of x and superscript “*”
denotes the complex conjugate. In this example, b(n) is
binary so the allowable values of b,,,(n) are binary, e.g., +1
and -1. Thus, it can be seen that accurate detection of the
transmitted digital signal b(n) is dependent on having accu-
rate estimates of the channel tap coefficients.

This may be better understood by referring to FIG. 1,
which illustrates a typical digital communication system that
includes a transmitter 12 and a receiver 14. Transmitter 12
includes a digital symbol generator 102 and a digital trans-
mitter 103. Symbol generator 102 receives an information
carrying signal 101 and generates a corresponding digital
symbol sequence b(n). The digital symbol sequence b(n) is
passed to digital transmitter 103, which subjects the
sequence to digital-to-analog (D/A) conversion, modulation,
pulse shaping, and amplification, and transmits the resulting
analog signal Y. Receiver 14 comprises one or more receiver
radio units 18a—18#n, each of which may have a correspond-
ing antenna 16a—16#, radio processor 105a—1057, and A/D
converter 106a—1067. Each antenna 16a-167n receives an
analog received signal corresponding to the transmitted
signal Y and passes the received signal to a radio processor
105a-105%. Antennas 16a—16» may be spaced apart from
one another, and accordingly, each radio unit 18a—18»
receives a received signal from a different receive channel
(space diversity).

In the example of FIG. 1, the channels are radio trans-
mission channels, but those skilled in the art will appreciate
that the channels may be telephone transmission channels,
local area network transmission channels, etc. The channels
may also be radio channels associated with phased array
antenna elements or beams from a beam former.

Radio processors 105a—105x typically filter, amplify, and
down-convert the received signal to base band. The base-
band received signal is then converted by A/D converters
106a—-106# into streams of complex digital received samples
r,(n), where the subscript x indicates the receive channel
corresponding to the sample stream. For example, radio unit
18a may receive an analog signal from antenna 16a and
generate a corresponding digital received sample stream
r,(n). The resulting digital signals r,(n) are sequences of
complex samples having in-phase (1) and quadrature (Q)
components. It will be understood by those skilled in the art,
however, that the samples need not be complex. The com-
plex samples r (n) are provided to a baseband processor 20,
which manipulates the complex samples using the estimated
channel tap coefficients h, (k) to detect the information
symbols, producing b, (n) from the received sample
streams r,(n).
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Multipath propagation is generally disadvantageous,
since the self-interference signals are time dispersed and
therefore able to interfere with one another and create
fading. Multipath propagation can, however, also be of
benefit. The reflected signals transmit the same information
as the main signal. When fading has caused pronounced
attenuation of the main signal itself, the main signal can be
“reconstructed” or amplified by constructive addition of the
time-dispersed rays, i.e., the signal becomes diversity ampli-
fied.

The baseband processor 20 includes a rake receiver. A
rake receiver is a radio receiver which utilizes this feature of
time dispersed signals beneficially. The rake receiver
includes a plurality of independent receiver units, so-called
rake branches, each of which receives and tracks, or locates,
a respective ray. The rake receiver also includes means for
combining the received signals, and means for delaying
these signals so that they will be brought into phase prior to
combining the signals.

If more than one channel tap coefficient is non-zero, then
some form of equalization may be performed using channel
tap coeflicient estimates. One form of equalization is Maxi-
mum Likelihood Sequence Estimation (MLSE) equaliza-
tion, which is described in chapter 6 of the book by J.
Proakis that is cited above. Accordingly, the baseband
processor 20 may include a coherent detector that may be
implemented by a multi-antenna MLSE equalizer such as
that disclosed in U.S. Pat. No. 5,191,598 to Backstrom et al.,
which is hereby expressly incorporated in this application by
reference. It will be understood that the detected symbols
may be further processed by the receiver. For example,
forward error correction decoding may be performed on the
detected symbols. The symbols may also be combined into
soft information values.

Due to the effects of the transmission through the channel
(s), the signals arriving at the antennas 16 include impair-
ment signals, which include thermal noise and possibly
interference signals as described above. An example of an
interference signal is shown in FIG. 1 as signal X generated
by interferer 106. The impairment signals make it difficult
for the receiver to recover perfectly the information symbols
from the received sample streams.

If the impairment component includes interference, then
various interference rejection techniques can be applied to
improve the signal to noise ratio (SNR) of the received
signal and thereby improve the accuracy of the channel tap
coeflicient estimates. Interference rejection using array pro-
cessing techniques can produce large performance gains in
a digital transmission system, but for this kind of interfer-
ence rejection to perform well, reasonable estimates of the
channel tap coefficients of each separate channel are
required. Examples of interference rejection techniques
include those described in J. H. Winters, “Signal Acquisition
and Tracking with Adaptive Arrays in the Digital Mobile
Radio System IS-54 with Flat Fading”, [FEE Trans. Veh.
Technol., vol. 42, pp. 377-384 (November 1993). Such
techniques allow for good detection performance in the
presence of large interference.

In a traditional communication system, each physical
channel is tracked separately, which is to say that the
channel tap coefficients of each physical channel are esti-
mated independently, using each physical channel’s
received sample stream without reference to the received
sample streams of other physical channels. Many known
methods of estimating channel tap coefficients consider the
channel tap coeflicients as functions only of the signal
received over the physical channel under consideration. Due





















