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Description

BACKGROUND

Field

[0001] The present disclosure relates to wireless communication systems, and more particularly to a method and
apparatus for channel estimation in a wireless communication device.

Background

[0002] A wireless communication system can be described by the equation

where xi is the transmitted symbol, hi, is the fade, or channel estimate, ni, the noise and yi is the received signal at time
i. Es is the signal power and N0 is the noise power (E|ni|2).
[0003] The fades hi are not known to the receiver and need to be estimated. This is usually done by having transmitting

known "pilot symbols" pi from which the receiver can estimate hi.

[0004] The process of estimating hj from the corrupted pilot symbols zj is known as channel estimation.
[0005] In general, the power Ep at which the pilot symbols are transmitted differs from the power Es as which the data
symbols are transmitted. The ratio Es/Ep is known as the Traffic-to-Pilot ratio or T/P ratio.
[0006] Often the T/P ratio is not known to the receiver. Furthermore, it can vary from time to time and from user to
user in a multi-user system. This could occur for instance when the transmitter is employing power control. However,
the receiver needs to know Es accurately to be able to correctly demodulate the received signal and recover the transmitted
data accurately.
[0007] One option is to transmit the value of the T/P ratio over an overhead control channel. However, this is expensive
in terms of overhead channel bandwidth. It would be beneficial if the receiver could estimate the traffic energy from the
received data yi. Estimating the T/P ratio is called T/P estimation or traffic energy estimation.
[0008] An example of a communication system that can benefit from T/P estimation is an orthogonal frequency division
multiple access (OFDMA) system. An OFDMA system utilizes orthogonal frequency division multiplexing (OFDM), which
effectively partitions the overall system bandwidth into a number of (N) orthogonal frequency subbands. These subbands
are also referred to as tones, sub-carriers, bins, frequency channels, and so on. Each subband is associated with a
respective sub-carrier that may be modulated with data. An OFDMA system may use any combination of time, frequency,
and/or code division multiplexing.
[0009] For an OFDMA system, multiple "traffic" channels may be defined whereby (1) each subband is used for only
one traffic channel in any given time interval and (2) each traffic channel may be assigned zero, one, or multiple subbands
in each time interval. The traffic channels may include "data" channels used to send traffic/packet data and "control"
channels used to send overhead/control data. The traffic channels may also be referred to as physical channels, transport
channels, or some other terminology.
[0010] The traffic channels for each sector may be defined to be orthogonal to one another in time and frequency so
that no two traffic channels use the same subband in any given time interval. This orthogonality avoids intra-sector
interference among multiple transmissions sent simultaneously on multiple traffic channels in the same sector. Some
loss of orthogonality may result from various effects such as, for example, inter-carrier interference (ICI) and inter-symbol
interference (ISI).
[0011] In a wireless communication system such as the OFDMA system, it is often necessary to estimate the response
of a wireless channel from a transmitter to a receiver. The channel estimate may be used for various purposes such as
data detection, time synchronization, frequency correction, spatial processing, rate selection, and so on. Channel esti-
mation is typically performed by transmitting a pilot signal containing pilot symbols that are known a priori by both the
transmitter and receiver.
[0012] The pilot signal is typically impaired by both noise and interference. These impairments degrade the quality of
the channel estimate obtained by the receiver based on the received pilot signal. The noise can come from various
sources such as the wireless channel, receiver properties, and so on. Noise impairment can normally be addressed by
transmitting the pilot signal in a proper manner and/or for a sufficient period of time such that the receiver can obtain
the desired quality for the channel estimate. The interference can result from multiple transmitters transmitting their pilot
signals simultaneously. These transmitters may be for different base stations in the system, different antennas of the
same base station, and so on. The pilot signal from each transmitter may act as interference to the pilot signals from
other transmitters. This pilot interference degrades the quality of the channel estimate.
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[0013] It is often desired to estimate the channel and the level of interference. On the forward link (FL), common pilot
symbols are known to have been used. In the OFDMA system, such common pilot symbols are typically scattered over
the entire bandwidth shared by all the users. In a traditional single-antenna transmission, such common pilot symbols
may be exploited by all the users for the purpose of FL channel estimation. The bandwidth and channel coherence time
values that are typical in cellular applications render common pilot tones particularly useful.
[0014] The relative bandwidth efficiency of the common pilot versus dedicated pilot may be made by a comparison
between the total number of degrees of freedom in a broadband channel corresponding to the total shared bandwidth,
estimated with the common pilot, and the number of degrees of freedom in a narrow-band sub-channel allocated per
user times the number of such narrow-band sub-channels. For bandwidth and channel coherence time values that are
typical in cellular applications, this balances in favor of the common pilot. Nevertheless, the dedicated pilot approach
has a number of attractive features.
[0015] Attention is drawn to WO 02/47408 A which describes in a wireless communication system a method for
combination transmission of packet data and low delay data. In one example a parallel signaling channel provides a
message to receivers indicating a target recipient of packet data. The message also identifies the transmission channel
used for packet data transmissions. Each receiver may then selectively decode only packets where the message identifies
the receiver as a target recipient. The data packets stored in a buffer are ignored if the target recipient is another mobile
unit. In one example, the message is sent concurrently with the data packet on a parallel channel. In one example, the
message is punctured into the high rate packet data transmission.

SUMMARY

[0016] In accordance with the present invention a method, and an apparatus, as set forth in the independent claims,
respectively, are provided. Preferred embodiments of the invention are described in the dependent claims.
[0017] In one aspect, the present disclosure provides a method of channel estimation for a wireless communication
system including receiving pilot symbols; receiving traffic signal symbols; estimating a pilot signal energy based on the
received pilot symbols; estimating an estimated traffic signal energy of the traffic signal symbols based on the received
traffic signal symbols, the received pilot symbols and a noise estimate; and determining a traffic to pilot ratio based on
the pilot signal energy and the traffic signal energy. The method may include computing a total received energy. The
method may include computing a sum of absolute values of received traffic signal symbols squared minus the noise
estimate. The method may include computing a weighted mean of a received energy. The method may include computing
a sum of absolute values of received traffic signal symbols squared minus the noise estimate. The method may include
estimating an estimated maximum likelihood traffic signal energy of the traffic signal symbols based on the received
traffic signal symbols, the received pilot symbols and the noise estimate.
[0018] In an additional aspect, the present disclosure provides an apparatus of channel estimation for a wireless
communication system. The apparatus includes a processor, which is configured to receive pilot symbols; receive traffic
signal symbols; estimate a pilot signal energy based on the received pilot symbols; estimate an estimated maximum
likelihood traffic signal energy of the traffic signal symbols based on the received traffic signal symbols, the received
pilot symbols and a noise estimate; and determine a traffic to pilot ratio based on the pilot signal energy and the traffic
signal energy. The apparatus further includes a memory coupled to the processor.
[0019] In a further aspect, the present disclosure provides a computer program product, which includes a computer-
readable medium. The computer-readable medium includes code for code for receiving pilot symbols; code for receiving
traffic signal symbols; code for estimating a pilot signal energy based on the received pilot symbols; code for estimating
an estimated maximum likelihood traffic signal energy of the traffic signal symbols based on the received traffic signal
symbols, the received pilot symbols and a noise estimate; and code for determining a traffic to pilot ratio based on the
pilot signal energy and the traffic signal energy.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The features, nature, and advantages of the present disclosure will become more apparent from the detailed
description set forth below when taken in conjunction with the drawings in which like reference characters identify
correspondingly throughout and wherein:

FIG. 1 illustrates an exemplary multiple access wireless communication system;
FIG. 2 illustrates an exemplary transmitter and an exemplary receiver in a multiple access wireless communication
system;
FIGS. 3A, 3B and 3C show dedicated pilot symbols disposed among data symbols in a time-frequency region in
accordance with exemplary aspects of the present disclosure;
FIG. 4 is a flowchart of an exemplary method of channel estimation for a wireless communication system according
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to one aspect of the present disclosure; and
FIG. 5 is a block diagram of an apparatus of channel estimation for a wireless communication system according to
one aspect of the present disclosure.

DETAILED DESCRIPTION

[0021] In certain aspects, the present disclosure provides a simplified channel and interference estimation algorithm,
which may be applied to fast-time varying channels and to two or more users/layers sharing the same pilot tones. In
certain aspects, scrambling of the pilot symbols may be changed. The simplified channel estimation algorithm, which,
for vehicular channels and multiple users/layers, may bring a noticeable performance improvement.
[0022] Referring to FIG. 1, a multiple access wireless communication system 100 according to one aspect of the
present disclosure is illustrated. The present user power offset estimation method may be implemented in the system
100. The multiple access wireless communication system 100 includes multiple access points 142, 144 and 146. An
access point provides communication coverage for a respective geographic area. An access point and/or its coverage
area may be referred to as a "cell", depending on the context in which the term is used. For example, the multiple access
wireless communication system 100 includes multiple cells 102, 104, and 106. To increase capacity, the coverage area
of each access point may be partitioned into multiple (e.g., three) sectors. The multiple sectors may be formed by groups
of antennas, each responsible for communication with access terminals in a portion of the cell. For example, in the cell
102, antenna groups 112, 114, and 116 each correspond to a different sector, in the cell 104, antenna groups 118, 120,
and 122 each correspond to a different sector, and in the cell 106, antenna groups 124, 126, and 128 each correspond
to a different sector.
[0023] In each cell one or more access terminals may be in communication with one or more sectors of each access
point. For example, access terminals 130 and 132 are in communication with the access point 142, access terminals
134 and 136 are in communication with the access point 144, and access terminals 138 and 140 are in communication
with the access point 146.
[0024] For a centralized architecture, a system controller 150 couples to the access points 142, 144 and 146, provides
coordination and control for these access points, and further controls the routing of data for the terminals served by
these access points. For a distributed architecture, the access points may communicate with one another as needed,
e.g., to serve a terminal in communication with an access points, to coordinate the usage of subbands, and so on.
[0025] As shown in FIG. 1, the access terminals 130, 132, 134, 136, 138, and 140 are each located in a different
portion of its respective cell, relative to each other access terminal in the same cell. Further, each access terminal may
be at a different distance from the corresponding antenna groups with which it is communicating. Both of these factors
provide situations, due to environmental and other conditions in the cell, which may cause different channel conditions
to be present between each access terminal and the corresponding antenna group with which it is communicating.
[0026] As used herein, an access point (AP) may be a fixed station used for communicating with the terminals and
may also be referred to as, and include some or all the functionality of, a base station, a Node B, or some other terminology.
An access terminal (AT) may also be referred to as, and include some or all the functionality of, a user equipment (UE),
a wireless communication device, a terminal, a mobile station or some other terminology.
[0027] Referring to FIG. 2, a transmitter system 210 and a receiver system 250 in a multiple access wireless commu-
nication system 200 in accordance with an aspect of the present disclosure are illustrated. The present channel estimation
method may be implemented in the system 200. At the transmitter system 210, traffic data for a number of data streams
is provided from a data source 212 to a transmit (TX) data processor 214. In an embodiment, each data stream is
transmitted over a respective transmit antenna. TX data processor 214 formats, codes, and interleaves the traffic data
for each data stream based on a particular coding scheme selected for that data stream to provide coded data. In some
embodiments, TX data processor 214 applies precoding weights to the symbols of the data streams based upon the
user and the antenna from which the symbols are being transmitted. In some embodiments, the precoding weights may
be generated based upon an index to a codebook generated at a transceiver 254 and provided as feedback to a
transceiver 222 which has knowledge of the codebook and its indices. Further, in those cases of scheduled transmissions,
the TX data processor 214 can select the packet format based upon rank information that is transmitted from the user.
[0028] The coded data for each data stream may be multiplexed with pilot data using OFDM techniques. The pilot
data is typically a known data pattern that is processed in a known manner and may be used at the receiver system to
estimate the channel response. The multiplexed pilot and coded data for each data stream is then modulated (i.e.,
symbol mapped) based on a particular modulation scheme (e.g., BPSK, QSPK, M-PSK, or M-QAM) selected for that
data stream to provide modulation symbols. The data rate, coding, and modulation for each data stream may be deter-
mined by instructions performed by the processor 230. As discussed above, in some embodiments, the packet format
for one or more streams may be varied according to the rank information that is transmitted from the user.
[0029] The modulation symbols for all data streams are then provided to a TX MIMO processor 220, which may further
process the modulation symbols (e.g., for OFDM). TX MIMO processor 220 then provides NT modulation symbol streams
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to NT transceivers (TMTR) 222a through 222t. In certain embodiments, TX MIMO processor 220 applies precoding
weights to the symbols of the data streams based upon the user to which the symbols are being transmitted to and the
antenna from which the symbol is being transmitted from that user channel response information.
[0030] Each transceiver 222 receives and processes a respective symbol stream to provide one or more analog
signals, and further conditions (e.g., amplifies, filters, and upconverts) the analog signals to provide a modulated signal
suitable for transmission over the MIMO channel. NT modulated signals from transceivers 222a through 222t are then
transmitted from NT antennas 224a through 224t, respectively. A MIMO channel formed by the NT transmit and NR
receive antennas may be decomposed into NS independent channels, with NS ≤ min {NT, NR}. Each of the Ns independent
channels may also be referred to as a spatial subchannel (or a transmission channel) of the MIMO channel and corre-
sponds to a dimension.
[0031] At the receiver system 250, the transmitted modulated signals are received by NR antennas 252a through 252r
and the received signal from each antenna 252 is provided to a respective transceiver (RCVR) 254. Each transceiver
254 conditions (e.g., filters, amplifies, and downconverts) a respective received signal, digitizes the conditioned signal
to provide samples, and further processes the samples to provide a corresponding "received" symbol stream.
[0032] An RX data processor 260 then receives and processes the NR received symbol streams from NR transceivers
254 based on a particular receiver processing technique to provide NT "detected" symbol streams. The processing by
RX data processor 260 is described in further detail below. Each detected symbol stream includes symbols that are
estimates of the modulation symbols transmitted for the corresponding data stream. RX data processor 260 then de-
modulates, deinterleaves, and decodes each detected symbol stream to recover the traffic data for the data stream. The
processing by RX data processor 260 is complementary to that performed by TX MIMO processor 220 and TX data
processor 214 at the transmitter system 210.
[0033] The channel response estimate generated by RX processor 260 may be used to perform space, space/time
processing at the receiver, adjust power levels, change modulation rates or schemes, or other actions. RX processor
260 may further estimate the signal-to-noise-and-interference ratios (SNRs) of the detected symbol streams, and possibly
other channel characteristics, and provides these quantities to a processor 270. RX data processor 260 or processor
270 may further derive an estimate of the "operating" SNR for the system. Processor 270 then provides estimated
channel state information (CSI), which may comprise various types of information regarding the communication link
and/or the received data stream. For example, the CSI may comprise only the operating SNR. The CSI is then processed
by a TX data processor 278, which also receives traffic data for a number of data streams from a data source 276,
modulated by a modulator 280, conditioned by transceivers 254a through 254r, and transmitted back to the transmitter
system 210.
[0034] At the transmitter system 210, the modulated signals from the receiver system 250 are received by antennas
224, conditioned by receivers 222, demodulated by a demodulator 240, and processed by a RX data processor 242 to
recover the CSI reported by the receiver system. The reported quantized information, e.g. CQI, is then provided to
processor 230 and used to (1) determine the data rates and coding and modulation schemes to be used for the data
streams, and (2) to generate various controls for TX data processor 214 and TX MIMO processor 220.

1. System Model

[0035] Generally, the transmission bandwidth may be divided into hop regions. The symbols of one hop region are
assigned to multiple users and are processed together by the AT or AP for the multiple users assigned to the hop region.
One hop region includes the symbols transmitted in NS successive OFDM symbols over the same contiguous set of NT
tones. Thus, there are NS 3 NT symbols in one hop region. The hop region is also referred to as a time-frequency region.
Depending on the context, a time-frequency region may be a tile or a subtile.
[0036] In certain aspects, there may be Q users that share one hop region. The term "user" is transposable with the
term "layer" as used herein in the forward link. In this aspect, a single terminal may correspond to multiple users, as it
may transmit multiple streams if it has multiple transmit antennas. However, in some cases, each terminal may only
transmit a single layer and thus be one user.
[0037] The vector of received symbols in one hop region, denoted by y, is an NSNT 3 1 vector of complex numbers,
given by 

where the first NT elements of y (and all the other vectors in the equation (1)) correspond to the channel for the tones
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of the first OFDM symbol, and so on.  where q = 1,..., Q, is the power offset of user q, which is assumed known.

User power offset gives the average received power of the signal when the transmitted signal has unit power. S(q), where
q = 1,..., Q , NSNT 3 1 vector of complex numbers, is the vector of modulation symbols transmitted by user q within one

hop region. h(q), q = 1,...,Q, NSNT 3 1 vector of complex numbers, is the frequency domain channel of user q. The

channel coefficients h(q) may be assumed independent among users. For each user, h(q) is generally considered a
complex Gaussian function, with a zero mean and a known covariance matrix. n0, NSNT 3 1 vector of complex numbers,

is the CAWGN (which includes the interference), and is assumed to have a zero mean and a covariance matrix σ2I. The
noise variance σ2 is unknown.
[0038] In some aspects, the present system model may be used to estimate the channel coefficients of all users and
the interference. For this, dedicated pilot symbols are inserted among the data symbols in a given hop region. The
estimation may be based on the received pilot symbols and on the knowledge of the statistical properties of the channel.

1.1 Channel Model

[0039] The statistical properties of the channel are assumed known. For each user, the channel coefficients over one
hop region may be assumed to be correlated. If this is the case, the following approximations may be accurate enough
to be utilized for channel estimation.

1.1.1 Structure of Channel Covariance Matrix

[0040] Practically, the structure of the channel covariance matrix of one user has at most three significant eigenvalues,
and the corresponding eigenvectors can be approximated by analytical expressions: 

where U1, U2, U3 are explained below.
[0041] The following definition of the Kronecker product may be utilized in approximating the covariance matrix. Given
the vectors an31 and bm31, their Kronecker product cmn31 := an31 ⊗ bm31 is defined as : 

Further the following vectors may be defined: 
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[0042] The following 3 vectors of size NsNt 3 1 are called approximative eigenvectors and they are used instead of
the real eigenvectors for the estimation of the channel corresponding to the data symbols: 

In some aspects, it may be that the first eigenvalue is at least one order of magnitude larger than the other two. The
structure of the covariance matrix described previously may be utilized to provide the following approximate representation
of the channel.

1.1.2 Taylor Approximation of Channel Function

[0043] The channel of each user over the hop region may be written as a random function of time and frequency
ξ(q)(t,f). Then, ξ(q)(t,f) can be approximated accurately by the first three terms of the Taylor series expansion: 

Thus, in this approximation, the channel over one hop region may be characterized by three complex parameters.
[0044] If (t0,f0) is defined to be the center of symmetry of the hop region, the channel of one user corresponding to a
symbol of coordinates (nS,nT) may be written as follows: 

where nT0 :=(NT +1)/2 and nS0 := (NS +1)/2 are the coordinates of the center of the hop region, α(q) is the DC component,

and  are the slopes in frequency and time, respectively.

1.2 Pilot Insertion Scheme

[0045] Dedicated pilots may be used. The following describes a dedicated pilot scheme, for example. However, com-
mon pilots could also be used.
[0046] In one aspect, pilot symbols within a hop region are placed in a pattern that satisfies the following conditions:
(1) there are a total of NP pilot symbols in one hop region; (2) the pilot symbols are grouped in 4 clusters, each cluster
having MQ symbols; thus NP = 4MQ ; (3) the pilot symbols of one cluster occupy a contiguous region in the time-frequency
domain, such that, for each user, the variations of the channel within the symbols of one cluster are as small as possible;
and (4) the pilot placement scheme is symmetric with respect to the center of symmetry of the hop region. In certain
aspects, the number of users that share one hop region does not exceed the cluster size: Q ≤ MQ. FIGs. 3A, 3B, and
3C show dedicated pilot symbols disposed among data symbols in a time-frequency region in accordance with exemplary
aspects of the present disclosure. As shown in FIG. 3A, 4 pilot symbols in 4 clusters are dispersed among 60 data tones
in an 8 x 8 subtile 302, where NP = 4, and MQ =1. Referring to FIG. 3B, 8 pilot symbols in 4 clusters are dispersed among
56 data tones in an 8 x 8 subtile 304, where NP = 8, and MQ =2. As shown in FIG. 3C, 12 pilot symbols in 4 clusters are
dispersed among 52 data tones in an 8 x 8 subtile 306, where NP = 12, and MQ =3.
[0047] To allow multiplexing, the pilot symbols of one user that belong to the same cluster are scrambled with a
scrambling sequence; for simplicity, each user uses the same scrambling sequence for all clusters. The scrambling
sequences of different users are orthogonal vectors of length MQ and are assumed to have unit modulus elements.
There can be at most MQ such sequences, denoted by sk, k = 1,...,MQ.
[0048] The NP 3 1 vector of pilot symbols transmitted by user q can be written as: 
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where 1NC31 is a column vector with NC ones and ⊗ denotes the Kronecker product. The vectors r1,q, q = 1,...,Q, are
orthonormal. Define the following NP 3 1 complex vectors ri,q i = 1,...,4, q = 1,...,MQ. 

with     The fact that, for each cluster, the scrambling sequences

of users are orthogonal plays a role in the derivation of the algorithm.

2. Channel & interference estimation algorithm with embedded power offset estimation

2.1 Interference Estimation

[0049] In one aspect, the information about the power of the interference is obtained using only the received pilot
symbols. The observation space has NP dimensions, and the channel of each user is given by three parameters. Thus,
the remaining NP - 3Q dimensions of the observation space may be used to obtain information about the power of the
interference. Thus, in FIG. 3A, NP - 3Q (i.e., 4 - 3 = 1) dimension of the observation space may be used to obtain
information about the power of the interference; in FIG. 3B, NP - 3Q (i.e., 8 - 6 = 2) dimensions of the observation space
may be used to obtain information about the power of the interference; and in FIG. 3C, NP - 3Q (i.e., 12 - 9 = 3) dimensions
of the observation space may be used to obtain information about the power of the interference.
[0050] The interference is estimated as the power of the projection of the received signal on the dimensions unoccupied
by the transmitted pilot signals. In other words, the received signal x is projected onto the basis ri,q, i = 1,...,4, q = 1,...,MQ
defined in Equation (11), and the power of the components corresponding to the interference is summed. If a despreading
term wi,q is defined as 

the power of the interference may be estimated by averaging the power of the samples obtained : 

 The first sum may be an estimate of the noise power if the channel of each user has perfect linear variation in a tile. In
practice, however, it includes the channel modeling error. The second sum exists only if Q < MQ, and is the power of
the received signal despreaded with spreading sequences orthogonal on the sequences of the transmitting users.

2.2 Channel Estimation

[0051] In one aspect, the channel estimates are given by an approximation to the MMSE estimator: 
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The following may be obtained: 

The quantities βi are provided as follows: 

[0052] The values θT and θS are obtained from the actual placement of the pilot symbols, and they identify the center

of the clusters of pilot symbols within a tile. More exactly, the center of the upper-left cluster of pilot symbols may be

given by  If the pilot symbols are placed in the top "row", then θT = 1, if they are in the second "row",

then θT = 3, and so on.

2.2.1 An Effect (Cross-interference)

[0053] One assumption used in the conventional channel estimation algorithm is that the channel of each user is
constant for the pilot symbols of each cluster. The despreading term wi.q that appears in the expression of channel
estimate may be computed as follows: 

If the despreading is perfect, no contribution from other users appears in the expression of the dispreading term wi.q.
The contribution from other users may be given by the sum of terms 

where k ≠ q.
[0054] First, the channel of each user may be expressed using the Taylor approximation given previously: 



EP 2 084 869 B1

10

5

10

15

20

25

30

35

40

45

50

55

 

For the placement represented in FIG. 3C, the vector ηq is given as follows: 

[0055] Next, the terms  may be computed as follows. 

with     
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 For the placement represented in FIG. 3C, the vector pq is given by 

The last term in the expression (27) is denoted by θq : 

with  and nT1
 as the time-domain index of the symmetry center of the upper right cluster of training

symbols. For the placement in FIG. 3C, nT1
 = 7, and nT0

 = 4.5. 

Using the orthogonality of the vectors involved: 

 then 

Thus, for the current design of pilot symbols, the expression (29) above is not zero for i = 1 only.
[0056] In summary, for each user the variation in time of the channel of other users induces an error (bias) in the
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despreading terms.

2.2.2 A correction method (keeping the transmitter unchanged)

[0057] In certain aspects, the present disclosure provides the following correction method.

[0058] First, the coefficients  for all users are estimated. They can be derived by comparing the foregoing-described

estimation formula (15) 

with the Taylor approximation: 

[0059] Then, estimates of the error terms ni,q,k are computed using the estimated coefficient or slopes  based

on the foregoing described Formula (29).
[0060] Next, the estimated error terms ni,q,k are used to correct the despreading terms wi,q : 

The channel estimates are recomputed using wi,q instead of wi,q according to the foregoing-described formula (15).

3. Traffic-to-Pilot Ratio Estimation

3.1 Maximum Likelihood under Gaussian Assumption

[0061] Without loss of generality, the following discussion is based on an assumption that Ep = 1. Under the assumption
that Ep = 1, the T/P ratio is equal to the traffic energy Es. Other values of Ep result in scaling of Es, but the ratio of Es/Ep
does not change. A first algorithm can be used to find the value of Es by maximum likelihood estimation. The following
additional assumptions can be made. (1) The channel estimate is perfect, i.e., estimated fade hi equals the actual fade
hi. (2) The input data xi has a Gaussian probability distribution function.
[0062] The probability that the received value is yi given that the transmitted signal is xi at power Es is 

[0063] Under the Gaussian data assumption, the probability that yi is received when the transmit power is Es is 

[0064] The maximum likelihood (ML) estimate of Es maximizes this probability over all received symbols yi. 

^

^

~

^
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[0065] Setting the derivative of  to zero gives 

[0066] The receiver can solve the above equation to obtain the ML estimate of Es.

3.2 Total Received Energy Approximation

[0067] ML estimation is complex to implement in a mobile wireless communication device. An alternative is to compute
the Total Received Energy (TRE) based on the following equation. 

3.3 Weighted Received Energy Approximation

[0068] Another approximation involves computing a weighted mean of the received energy (WRE) based on the
following equation. 

[0069] The weighting need not be only by fade power |hi|2; it could be any function of |hi|. The fade and noise values
used are estimated values hi and N0.
[0070] Pilot symbols may be transmitted without explicitly indicating the data symbol power in an overhead channel.
The pilot symbols may be common for more than one user. The data symbols may be non-constant modulus symbols,
such as, for example, 16QAM and 64QAM symbols. Further, different users may have different data symbol powers.
[0071] FIG. 4 is a flowchart of an exemplary method 400 of channel estimation for a wireless communication system
according to one aspect of the present disclosure. The method 400 may be implemented in the multiple access wireless
communication systems 100 of FIG. 1 and 200 of FIG. 2. Pilot symbols transmitted by an access point, e.g., access
point 146, are received in step 402. Traffic signal symbols transmitted by an access point are received in step 404. A
pilot signal energy based on the received pilot symbols is estimated in step 406. An estimated traffic signal energy of
the traffic signal symbols is estimated based on the received traffic signal symbols, the received pilot symbols and a
noise estimate in step 408. A traffic to pilot ratio is determined based on the pilot signal energy and the traffic signal
energy in step 410. The pilot and/or traffic signals may be orthogonal frequency division multiple access (OFDMA) signals.
[0072] FIG. 5 is a block diagram of an apparatus 500 of channel estimation for a wireless communication system
according to one aspect of the present disclosure. The apparatus 500 may include a processor 502 and a memory 504,
which is coupled to the processor 502. The processor 502 may be configured to implement the methods illustrated in
FIG. 4. Referring again to FIG. 5, processor 502 may be processor 230 or processor 270 in FIG. 2.
[0073] The present method may be carried out using various codes of one or more software modules forming a program
and executed as instructions/data by, e.g., a central processing unit, or using hardware modules specifically configured

^ ^
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and dedicated to perform the present method. Alternatively, in some embodiments, the present method may be carried
out using a combination of software and hardware modules.
[0074] The techniques described herein may be implemented by various means. For example, these techniques may
be implemented in hardware, software, or a combination thereof. For a hardware implementation, the processing units
used for channel estimation may be implemented within one or more application specific integrated circuits (ASICs),
digital signal processors (DSPs), digital signal processing devices (DSPDs), programmable logic devices (PLDs), field
programmable gate arrays (FPGAs), processors, controllers, micro-controllers, microprocessors, other electronic units
designed to perform the functions described herein, or a combination thereof. With software, implementation can be
through modules (e.g., procedures, functions, and so on) that perform the functions described herein.
[0075] What has been described above includes examples of one or more embodiments. It is, of course, not possible
to describe every conceivable combination of components or methodologies for purposes of describing the aforemen-
tioned embodiments, but one of ordinary skill in the art may recognize that many further combinations and permutations
of various embodiments are possible. Accordingly, the described embodiments are intended to embrace all such alter-
ations, modifications and variations that fall within the spirit and scope of the appended claims. Furthermore, to the
extent that the term "includes" is used in either the detailed description or the claims, such term is intended to be inclusive
in a manner similar to the term "comprising" as "comprising" is interpreted when employed as a transitional word in a claim.
[0076] It is understood that the specific order or hierarchy of steps in the processes disclosed is an example of exemplary
approaches. Based upon design preferences, it is understood that the specific order or hierarchy of steps in the processes
may be rearranged while remaining within the scope of the present disclosure. The accompanying method claims present
elements of the various steps in a sample order, and are not meant to be limited to the specific order or hierarchy presented.
[0077] Those of skill in the art would understand that information and signals may be represented using any of a variety
of different technologies and techniques. For example, data, instructions, commands, information, signals, bits, symbols,
and chips that may be referenced throughout the above description may be represented by voltages, currents, electro-
magnetic waves, magnetic fields or particles, optical fields or particles, or any combination thereof.
[0078] Those of skill would further appreciate that the various illustrative logical blocks, modules, circuits, and algorithm
steps described in connection with the embodiments disclosed herein may be implemented as electronic hardware,
computer software, or combinations of both. To clearly illustrate this interchangeability of hardware and software, various
illustrative components, blocks, modules, circuits, and steps have been described above generally in terms of their
functionality. Whether such functionality is implemented as hardware or software depends upon the particular application
and design constraints imposed on the overall system. Skilled artisans may implement the described functionality in
varying ways for each particular application, but such implementation decisions should not be interpreted as causing a
departure from the scope of the present disclosure.
[0079] The various illustrative logical blocks, modules, and circuits described in connection with the embodiments
disclosed herein may be implemented or performed with a general purpose processor, a digital signal processor (DSP),
an application specific integrated circuit (ASIC), a field programmable gate array (FPGA) or other programmable logic
device, discrete gate or transistor logic, discrete hardware components, or any combination thereof designed to perform
the functions described herein. A general purpose processor may be a microprocessor, but in the alternative, the proc-
essor may be any conventional processor, controller, microcontroller, or state machine. A processor may also be im-
plemented as a combination of computing devices, e.g., a combination of a DSP and a microprocessor, a plurality of
microprocessors, one or more microprocessors in conjunction with a DSP core, or any other such configuration.
[0080] The steps of a method or algorithm described in connection with the embodiments disclosed herein may be
embodied directly in hardware, in a software module executed by a processor, or in a combination of the two. A software
module may reside in RAM memory, flash memory, ROM memory, EPROM memory, EEPROM memory, registers, hard
disk, a removable disk, a CD-ROM, or any other form of storage medium known in the art. An exemplary storage medium
is coupled to the processor such the processor can read information from, and write information to, the storage medium.
In the alternative, the storage medium may be integral to the processor. The processor and the storage medium may
reside in an ASIC. The ASIC may reside in a user terminal. In the alternative, the processor and the storage medium
may reside as discrete components in a user terminal.
[0081] The previous description of the disclosed embodiments is provided to enable any person skilled in the art to
make or use the present disclosure. Various modifications to these embodiments will be readily apparent to those skilled
in the art, and the generic principles defined herein may be applied to other embodiments without departing from the
scope of the disclosure. Thus, the present disclosure is not intended to be limited to the embodiments shown herein but
is to be accorded the widest scope consistent with the principles and novel features disclosed herein.

1. A method of channel estimation for a wireless communication device, comprising:

receiving pilot symbols;
receiving traffic signal symbols;
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estimating a pilot signal energy based on the received pilot symbols;
estimating an estimated traffic signal energy of the traffic signal symbols based on the received traffic signal
symbols, the received pilot symbols and a noise estimate; and
determining a traffic to pilot ratio based on the pilot signal energy and the traffic signal energy.

2. The method of embodiment 1, wherein the estimating the estimated traffic signal energy comprises:

computing a total received energy.

3. The method of embodiment 2, wherein the computing the total received energy comprises:

computing a sum of absolute values of received traffic signal symbols squared minus the noise estimate.

4. The method of embodiment 1, wherein the estimating the estimated maximum likelihood traffic signal energy
comprises:

computing a weighted mean of a received energy.

5. The method of embodiment 4, wherein the computing the weighted mean of the received energy comprises:

computing a sum of absolute values of received traffic signal symbols squared minus the noise estimate.

6. The method of embodiment 4, wherein the estimating an estimated traffic signal energy of the traffic signal symbols
based on the received traffic signal symbols, the received pilot symbols and a noise estimate comprises:

estimating an estimated maximum likelihood traffic signal energy of the traffic signal symbols based on the
received traffic signal symbols, the received pilot symbols and the noise estimate.

7. An apparatus for channel estimation for a wireless communication device, comprising:

means for receiving pilot symbols;
means for receiving traffic signal symbols;
means for estimating a pilot signal energy based on the received pilot symbols;
means for estimating an estimated maximum likelihood traffic signal energy of the traffic signal symbols based
on the received traffic signal symbols, the received pilot symbols and a noise estimate; and
means for determining a traffic to pilot ratio based on the pilot signal energy and the traffic signal energy.

8. The apparatus of embodiment 7, wherein the means for estimating the estimated maximum likelihood traffic signal
energy comprises:

means for computing a total received energy.

9. The apparatus of embodiment 8, wherein the means for computing the total received energy comprises:

means for computing a sum of absolute values of received traffic signal symbols squared minus the noise
estimate.

10. The apparatus of embodiment 7, wherein the means for estimating the estimated maximum likelihood traffic
signal energy comprises:

means for computing a weighted mean of a received energy.

11. The apparatus of embodiment 10, wherein the means for computing the weighted mean of the received energy
comprises:

means for computing a sum of absolute values of received traffic signal symbols squared minus the noise
estimate.
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12. The apparatus of embodiment 7, wherein the means for estimating an estimated traffic signal energy of the
traffic signal symbols based on the received traffic signal symbols, the received pilot symbols and a noise estimate
comprises:

means for estimating an estimated maximum likelihood traffic signal energy of the traffic signal symbols based
on the received traffic signal symbols, the received pilot symbols and the noise estimate.

13. An apparatus for channel estimation for a wireless communication device, the apparatus comprising:

at least one processor configured to:

receive pilot symbols;
receive traffic signal symbols;
estimate a pilot signal energy based on the received pilot symbols;
estimate an estimated maximum likelihood traffic signal energy of the traffic signal symbols based on the
received traffic signal symbols, the received pilot symbols and a noise estimate; and
determine a traffic to pilot ratio based on the pilot signal energy and the traffic signal energy.

14. The apparatus of embodiment 13, wherein the processor is configured to estimate the estimated maximum
likelihood traffic signal energy by computing a total received energy.

15. The apparatus of embodiment 14, wherein processor is configured to compute the total received energy by
computing a sum of absolute values of received traffic signal symbols squared minus the noise estimate.

16. The apparatus of embodiment 13, wherein the processor is configured to estimate the estimated maximum
likelihood traffic signal energy by computing a weighted mean of a received energy.

17. The apparatus of embodiment 16, wherein the processor is configured to compute the weighted mean of the
received energy by computing a sum of absolute values of received traffic signal symbols squared minus the noise
estimate.

18. A computer program product, comprising:

a computer-readable medium comprising:

code for receiving pilot symbols;
code for receiving traffic signal symbols;
code for estimating a pilot signal energy based on the received pilot symbols;
code for estimating an estimated maximum likelihood traffic signal energy of the traffic signal symbols based
on the received traffic signal symbols, the received pilot symbols and a noise estimate; and
code for determining a traffic to pilot ratio based on the pilot signal energy and the traffic signal energy.

19. The computer program product of embodiment 18, wherein the code for estimating the estimated maximum
likelihood traffic signal energy comprises:

code for computing a total received energy.

20. The computer program product of embodiment 19, wherein the code for computing the total received energy
comprises:

code for computing a sum of absolute values of received traffic signal symbols squared minus the noise estimate.

21. The computer program product of embodiment 18, wherein the code for estimating the estimated maximum
likelihood traffic signal energy comprises:

code for computing a weighted mean of a received energy.

22. The computer program product of embodiment 21, wherein the code for computing the weighted mean of the
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received energy comprises:

code for computing a sum of absolute values of received traffic signal symbols squared minus the noise estimate.

Claims

1. A method (400) of traffic-to-pilot ratio estimation for a wireless communication device, comprising:

receiving (402) pilot symbols;
receiving (404) traffic signal symbols;
estimating (406) a pilot signal energy based on the received pilot symbols;
estimating (408) an estimated maximum likelihood traffic signal energy of the traffic signal symbols based on
the received traffic signal symbols, the received pilot symbols and a noise estimate wherein the maximum
likelihood estimate is obtained by solving the following equation

; and
determining (410) a traffic to pilot ratio based on the pilot signal energy and the traffic signal energy.

2. An apparatus for traffic-to-pilot ratio estimation for a wireless communication device, comprising:

means for receiving pilot symbols;
means for receiving traffic signal symbols;
means for estimating a pilot signal energy based on the received pilot symbols;
means for estimating an estimated maximum likelihood traffic signal energy of the traffic signal symbols based
on the received traffic signal symbols, the received pilot symbols and a noise estimate wherein the maximum
likelihood estimate is obtained by solving the following equation

; and
means for determining a traffic to pilot ratio based on the pilot signal energy and the traffic signal energy.

3. The apparatus of claim 2, wherein the means are embodied in at least one processor (502) configured to:

receive said pilot symbols;
receive said traffic signal symbols;
estimate said pilot signal energy based on the received pilot symbols;
estimate said estimated maximum likelihood traffic signal energy of the traffic signal symbols based on the
received traffic signal symbols, the received pilot symbols and said noise estimate; and
determine said traffic to pilot ratio based on the pilot signal energy and the traffic signal energy.

4. A computer program product, comprising:

a computer-readable medium having instructions thereon, the instructions comprising code for carrying out the
method steps of claim 1 when executed on a computer.
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Patentansprüche

1. Ein Verfahren (400) zur Schätzung eines Verkehr-zu-Pilot-Verhältnisses für eine Drahtloskommunikationseinrich-
tung, das Folgendes aufweist:

Empfangen (402) von Pilotsymbolen;
Empfangen (404) von Verkehrssignalsymbolen;
Schätzen (406) einer Pilotsignalenergie basierend auf den empfangenen Pilotsymbolen;
Schätzen (408) einer geschätzten Maximum-Likelihood-Verkehrssignalenergie der Verkehrssignalsymbole ba-
sierend auf den empfangenen Verkehrssignalsymbolen, den empfangenen Pilotsymbolen und einer Rausch-
schätzung,
wobei die Maximum-Likelihood-Schätzung erhalten wird durch Lösen der folgenden Gleichung

 und

Bestimmen (410) eines Verkehr-zu-Pilot-Verhältnisses basierend auf der Pilotsignalenergie und der Verkehrs-
signalenergie.

2. Eine Vorrichtung zur Schätzung eines Verkehr-zu-Pilot-Verhältnisses für eine Drahtloskommunikationseinrichtung,
die Folgendes aufweist:

Mittel zum Empfangen von Pilotsymbolen;
Mittel zum Empfangen von Verkehrssignalsymbolen;
Mittel zum Schätzen einer Pilotsignalenergie basierend auf den empfangenen Pilotsymbolen;
Mittel zum Schätzen einer geschätzten Maximum-Likelihood-Verkehrssignalenergie der Verkehrssignalsymbo-
le basierend auf den empfangenen Verkehrssignalsymbolen, den empfangenen Pilotsymbolen und einer
Rauschschätzung,
wobei die Maximum-Likelihood-Schätzung erhalten wird durch Lösen der folgenden Gleichung

 und

Mittel zum Bestimmen eines Verkehr-zu-Pilot-Verhältnisses basierend auf der Pilotsignalenergie und der Ver-
kehrssignalenergie.

3. Vorrichtung nach Anspruch 2, wobei die Mittel in wenigstens einem Prozessor (502) verkörpert sind, der konfiguriert
ist zum:

Empfangen der Pilotsymbole;
Empfangen der Verkehrssignalsymbole;
Schätzen der Pilotsignalenergie basierend auf den empfangenen Pilotsymbolen;
Schätzen der geschätzten Maximum-Likelihood-Verkehrssignalenergie der Verkehrssignalsymbole basierend
auf den empfangenen Verkehrssignalsymbolen, den empfangenen Pilotsymbolen und der Rauschschätzung;
und
Bestimmen des Verkehr-zu-Pilot-Verhältnisses basierend auf der Pilotsignalenergie und der Verkehrssignale-
nergie.

4. Ein Computerprogrammprodukt, das Folgendes aufweist:

ein computerlesbares Medium mit Instruktionen darauf, wobei die Instruktionen Code aufweisen zum Durch-
führen der Verfahrensschritte nach Anspruch 1, wenn sie auf einem Computer ausgeführt werden.

Revendications

1. Procédé (400) d’estimation de rapport entre trafic de communication et pilote pour un dispositif de communication
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sans fil, comprenant :

recevoir (402) des symboles pilotes ;
recevoir (404) des symboles de signal de trafic de communication ;
estimer (406) une énergie de signal pilote sur la base des symboles pilotes reçus ;
estimer (408) une probabilité maximum estimée d’énergie de signal de trafic des symboles de signal de trafic
sur la base des symboles de signal de trafic reçus, des symboles pilotes reçus et d’une estimation de bruit,
dans lequel l’estimation de probabilité est obtenue en résolvant l’équation suivante 

et
déterminer (410) un rapport entre trafic de communication et pilote sur la base de l’énergie de signal pilote et
de l’énergie de signal de trafic de communication.

2. Dispositif d’estimation de rapport entre trafic de communication et pilote pour un dispositif de communication sans
fil, comprenant :

des moyens pour recevoir des symboles pilotes ;
des moyens pour recevoir des symboles de signal de trafic de communication ;
des moyens pour estimer une énergie de signal pilote sur la base des symboles pilotes reçus ;
des moyens pour estimer une probabilité maximum estimée d’énergie de signal de trafic des symboles de signal
de trafic sur la base des symboles de signal de trafic reçus, des symboles pilotes reçus et d’une estimation de
bruit,
dans lequel l’estimation de probabilité est obtenue en résolvant l’équation suivante 

et
des moyens pour déterminer un rapport entre trafic de communication et pilote sur la base de l’énergie de signal
pilote et de l’énergie de signal de trafic de communication.

3. Dispositif selon la revendication 2, dans lequel les moyens sont incorporés dans au moins un processeur (502)
agencé pour :

recevoir les symboles pilotes ;
recevoir les symboles de signal de trafic ;
estimer l’énergie de signal pilote sur la base des symboles pilotes reçus ;
estimer la probabilité maximum estimée de l’énergie du signal de trafic des symboles de signal de trafic sur la
base des symboles de signal de trafic reçus, des symboles pilotes reçus et de l’estimation de bruit ; et
déterminer le rapport entre trafic de communication et pilote sur la base de l’énergie de signal pilote et de
l’énergie de signal de trafic de communication.

4. Produit programme d’ordinateur comprenant :

un support lisible par un ordinateur comportant sur lui des instructions, les instructions comprenant du code
pour réaliser les étapes de procédé de la revendication 1 lorsqu’elles sont exécutées sur un ordinateur.



EP 2 084 869 B1

20



EP 2 084 869 B1

21



EP 2 084 869 B1

22



EP 2 084 869 B1

23



EP 2 084 869 B1

24



EP 2 084 869 B1

25



EP 2 084 869 B1

26



EP 2 084 869 B1

27

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• WO 0247408 A [0015]


	bibliography
	description
	claims
	drawings
	cited references

