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CELL ID DETECTION IN AN OFDM COMMUNICATION SYSTEM

BACKGROUND

The present invention relates to methods and apparatuses for identifying cells in a
cellular communication system.

In the forthcoming evolution of the mobile cellular standards like the Global System
for Mobile Communication (GSM) and Wideband Code Division Multiple Access
(WCDMA), new transmission techniques like Orthogonal Frequency Division Multiplexing
(OFDM) are likely to occur. Furthermore, in order to have a smooth migration from the
existing cellular systems to the new high capacity high data rate system in existing radio
spectrum, a new system has to be able to utilize a bandwidth of varying size. A proposal for
such a new flexible cellular system, called Third Generation Long Term Evolution (3G LTE),
can be seen as an evolution of the 3G WCDMA standard. This system will use OFDM as the
multiple access technique (called OFDMA) in the downlink and will be able to operate on
bandwidths ranging from 1.25 MHz to 20 MHz. Furthermore, data rates up to 100 Mb/s will
be supported for the largest bandwidth. However, it is expected that 3G LTE will be used not
only for high rate services, but also for low rate services like voice. Since 3G LTE is
designed for Transmission Control Protocol/Internet Protocol (TCP/IP), Voice over IP (VoIP)
will likely be the service that carries speech.

One important aspect of LTE is the mobility function, hence synchronization symbols
and cell search procedures are of major importance in order for the User Equipment (UE) to
detect and synchronize with other cells.

The currently proposed cell search scheme for LTE is as follows:

1. Using the primary synchronization channel (P-SCH), detect the Sms timing of a
new cell.

2. Detect frame timing and Cell group using the secondary synchronization channel
(S-SCH).

3. Use the reference symbols (also called CQI pilots) to detect the cell ID.
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2.

The interested reader is referred to the document R1-062990, entitled “Outcome of cell search
drafting session”, TSG-RAN WG1 #46bis, October 9-13, 2006 for more information about
this proposal.

The first two steps are well known in the art and are similar to the cell search scheme
presently used in WCDMA systems. The third step is also used in WCDMA, where the pilot
signal (CPICH) is scrambled with a pseudorandom noise sequence (pn-sequence) that
determines the cell ID. By assuming the channel that affects the CPICH over a certain
interval (one or two slots in WCDMA) is constant, one can detect the scrambling sequence
easily.

The idea in LTE is also to scramble the reference symbols, both with a pn-sequence
and also with an orthogonal code. However, unlike WCDMA, LTE does not have strong
continuous pilot channels, but instead relies on fewer reference symbols (RS). These RS are
placed in the first and third from last OFDM symbol in each subframe, and are placed on
every sixth carrier, hence a distance of 90 kHz between the pilots. This is illustrated in FIG.
1, which depicts the proposed pilot (reference signal) pattern in the frequency (f) and time (t)
dimension for the LTE system. In the figure, the first reference symbols are denoted “R,”; the
second reference symbols are denoted “R,”; and data are denoted “D”’.

A fundamental problem with using pilot symbols that are transmitted on different sub-
carriers for scrambling code identification is that the phases for the different sub-carriers are
typically affected in different and unknown ways from one another. This means that, unlike
in WCDMA systems in which the channel is constant over the one or two slots and hence no
phase equalization is needed to perform cell ID detection, in LTE systems coherent alignment
of the pilots without equalization is not feasible, making the scrambling detection procedure
much harder in an LTE system than in earlier known systems. Some examples of how delay-
spread and sampling error affect the channel for different sub-carriers are described in U.S.
Patent Application No. 11/762,382 to Wilhelmsson and Lindoff entitled “Robust and Low-
Complexity Combined Signal Power Estimation”.

Consequently, there is a need for algorithms that allow for coherent alignment of
pilots in OFDM systems like LTE therefore making it possible to use the pilots for cell ID

detection.
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3.

SUMMARY

It should be emphasized that the terms "comprises” and "comprising”, when used in
this specification, are taken to specify the presence of stated features, integers, steps or
components; but the use of these terms does not preclude the presence or addition of one or
more other features, integers, steps, components or groups thereof.

In accordance with one aspect of the present invention, the foregoing and other objects
are achieved in methods and apparatuses for ascertaining which one of a number of cells of a
cellular communication system transmitted an Orthogonal Frequency Division Multiplexing
(OFDM) signal. In one aspect this involves obtaining a plurality of reference symbols from
the OFDM signal. One or more compensating phase shift values for aligning the plurality of
reference symbols with respect to phase are estimated. A plurality of phase corrected
reference symbols are generated by using the one or more compensating phase shift values to
align the plurality of reference symbols with respect to phase. At least two scrambling code
sequences are applied to the phase corrected reference symbols to obtain at least two de-
scrambled phase corrected reference symbol sequences, wherein each of the scrambling codes
is associated with a respectively different one of the cells of the cellular communication
system, and wherein each of the scrambling code sequences comprises at least one of a
pseudorandom noise sequence and an orthogonal code. For example, in LTE systems,
applying the scrambling code sequence comprises scrambling by applying a pseudorandom
noise sequence and also applying an orthogonal code. A power value of each of the de-
scrambled phase corrected reference symbol sequences is ascertained. That one of the
scrambling codes that is associated with a highest one of the power values is ascertained,
thereby ascertaining which one of the number of cells of the cellular communication system
transmitted the OFDM signal.

In one aspect, the reference symbols may be obtained from different sub-carriers of
the OFDM signal.

In another aspect, estimating the one or more compensating phase shift values for
aligning the plurality of reference symbols with respect to phase comprises ascertaining a
delay spread value of a channel through which the OFDM signal was transmitted, and
estimating the one or more compensating phase shift values as a function of the delay spread
value. For example, this could involve computing a phase shift between a first sub-carrier at
frequency f; and a second sub-carrier at frequency f; in accordance with:

compensating phase shift = ¢’ 2rlh Sl
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wherein Ar is the delay spread value.

In some alternative embodiments, obtaining the plurality of reference symbols from
the OFDM signal comprises applying a Fast Fourier Transform (FFT) to a plurality of
samples of the OFDM signal; and estimating the one or more compensating phase shift values
for aligning the plurality of reference symbols with respect to phase comprises ascertaining
which of the plurality of samples of the OFDM signal would be a starting point of the FFT
causing a smallest rotation across sub-carriers. The one or more compensating phase shift
values are then estimated as a function of a relative distance between an actual starting point
of the FFT and the starting point of the FFT causing the smallest rotation across sub-carriers.
In some embodiments, the starting point of the FFT causing the smallest rotation across sub-
carriers corresponds to a maximum peak of a power delay profile of a channel through which
the OFDM signal was transmitted. In some alternative embodiments, the starting point of the
FFT causing the smallest rotation across sub-carriers corresponds to a center of gravity of a
power delay profile of a channel through which the OFDM signal was transmitted.

In yet other alternative embodiments, estimating the one or more compensating phase
shift values for aligning the plurality of reference symbols with respect to phase comprises
ascertaining a power delay profile of a channel through which the OFDM signal was
transmitted and applying a Fast Fourier Transform (FFT) to the power delay profile to obtain
an estimate of the channel through which the OFDM signal was transmitted. The estimate of
the channel is then used to obtain the one or more compensating phase shift values as a
function of the delay spread value. The power delay profile can be obtained, for example, by
correlating differently delayed expected versions of a known signal with an actually-received
known OFDM signal to find the correlation peaks. An example of a known signal is a signal
obtained from a Primary-Synchronization Channel in the cellular communication system.

In still other alternative embodiments, estimating the one or more compensating phase
shift values for aligning the plurality of reference symbols with respect to phase comprises
obtaining a frequency-domain representation of a received known OFDM symbol and
dividing the frequency-domain representation of the received known OFDM symbol by a
frequency-domain representation of an expected known OFDM symbol to obtain an estimate
of the channel through which the OFDM signal was transmitted. The estimate of the channel
is used to obtain the one or more compensating phase shift values as a function of the delay
spread value. The received known OFDM symbol can be obtained, for example, from a

Secondary-Synchronization Channel in the cellular communication system.
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In yet other alternative embodiments, estimating the one or more compensating phase
shift values for aligning the plurality of reference symbols with respect to phase comprises
applying each of a plurality, K, of hypothesized sets of phase corrections to the plurality
reference symbols to obtain K sets of hypothesized phase corrected reference symbols. In
such embodiments, applying at least two scrambling code sequences to the phase corrected
reference symbols to obtain at least two de-scrambled phase corrected reference symbol
sequences comprises applying at least two scrambling code sequences to each of the K sets of
hypothesized phase corrected reference symbols to obtain at least 2K de-scrambled phase
corrected reference symbol sequences. In some of these embodiments, another aspect
includes using information about a delay spread of a channel through which the OFDM signal
was transmitted to initially obtain the K hypothesized sets of phase corrections. In some
alternative embodiments, information about a power delay profile of a channel through which
the OFDM signal was transmitted is used to initially obtain the K hypothesized sets of phase
corrections. Also, in some but not necessarily all embodiments, each of the hypothesized sets

of phase corrections can comprise phase correction values that are linear across sub-carriers.

BRIEF DESCRIPTION OF THE DRAWINGS

The objects and advantages of the invention will be understood by reading the
following detailed description in conjunction with the drawings in which:

FIG. 1 depicts the proposed pilot (reference signal) pattern in the frequency and time
domain for the LTE system.

FIG. 2 is a flowchart depicting steps/processes performed in cellular communication
equipment consistent with embodiments of the invention.

FIG. 3a is an example of a channel power delay profile of a two-tap channel and the
effects of FFT window placement.

FIG. 3b is an example of a complete channel power delay profile and the effects of
FFT window placement.

FIG. 4 is a flowchart depicting steps/processes performed in cellular communication
equipment consistent with alternative embodiments of the invention that do not rely on a

model of the phase of each sub-carrier.
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DETAILED DESCRIPTION

The various features of the invention will now be described with reference to the
figures, in which like parts are identified with the same reference characters.

The various aspects of the invention will now be described in greater detail in
connection with a number of exemplary embodiments. To facilitate an understanding of the
invention, many aspects of the invention are described in terms of sequences of actions to be
performed by elements of a computer system or other hardware capable of executing
programmed instructions. It will be recognized that in each of the embodiments, the various
actions could be performed by specialized circuits (e.g., discrete logic gates interconnected to
perform a specialized function), by program instructions being executed by one or more
processors, or by a combination of both. Moreover, the invention can additionally be
considered to be embodied entirely within any form of computer readable carrier, such as
solid-state memory, magnetic disk, optical disk or carrier wave (such as radio frequency,
audio frequency or optical frequency carrier waves) containing an appropriate set of computer
instructions that would cause a processor to carry out the techniques described herein. Thus,
the various aspects of the invention may be embodied in many different forms, and all such
forms are contemplated to be within the scope of the invention. For each of the various
aspects of the invention, any such form of embodiments may be referred to herein as "logic
configured to" perform a described action, or alternatively as "logic that" performs a
described action.

An aspect of the invention involves aligning the reference symbols with respect to
phase without utilizing a reference phase obtained by channel estimation. Alternative
embodiments utilize different ways of achieving this. In one, the phase shifts between the
different reference symbols are estimated and compensated before performing scrambling
code detection.

In an alternative embodiment, a blind approach is proposed. In this case, the phase
shift between the different RS is assumed to be proportional to the frequency distance.
Scrambling code detection is performed for all different factors for this proportional relation.
The one giving the best result (in terms of maximum energy) is chosen.

These and other aspects are described in greater detail in the following.

FIG. 2 is a flowchart depicting steps/processes performed by suitable logic (e.g.,
hardware or software in conjunction with hardware) operating in cellular communication

equipment consistent with embodiments of the invention. The delay spread of the channel is
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estimated by analyzing the received signal in a delay spread estimator (step 201). As used
herein, the term “delay spread” refers to the time delay between a received signal associated
with what is substantially a shortest radio path between transmitter and receiver, and a
delayed version of that signal associated with a substantially longest radio path. As used
herein, the term “substantially shortest” means the shortest path the signal can traverse and
still be received with a non-insignificant amount of energy. Similarly, the term “substantially
longest” means the longest path the signal can traverse and still be received with a non-
insignificant amount of energy. This allows the possibility that shorter or longer paths exist,
but are not considered because the energy of the received signal does not exceed a predefined
minimum threshold. Various techniques for estimating delay spread are known, and therefore
need not be described here. In an LTE system, the P-SCH can be used for obtaining the delay
spread. However, the invention is not limited to any one particular technique.

The delay spread is then applied in a suitable model of the phase variations as a
function of the sub-carrier frequency. As an example, the following two tap channel model
may be used:

h(t) =o0(t)+0(t—At), (1)
where Ar is the delay spread, and the corresponding channel transfer function in the
frequency domain, H(f), is then given by
H(f)=1+e ?"™ =2e 7™ cos(m fAL). )
From these equations it can be seen that the phase shift between two sub-carriers (at
frequencies f; and f;) having pilot symbols, given the delay spread Ar, is a linear function of

72U SIA Ty addition to estimating

the distance, in frequency, between the carriers, that is, e
the phase shift for each sub-carrier, the received signal is processed by a Fast Fourier
Transform (FFT) to obtain the reference symbols (step 205). In this exemplary embodiment,
this step is depicted as occurring after making the delay spread and phase shift estimations.
However, it will be appreciated that processing the received signal with an FFT need not be
dependent on these earlier steps, so whether the FFT is performed first, last, or somewhere in
between is irrelevant.

Taking the phase of the reference symbol for the lowest sub-carrier (RS0) as a
reference (e.g., assuming that the phase of RS0=0) and using the estimated phase shift for the
sub-carriers, all other reference symbols are phase corrected by adjusting their phase until

they align with RSO (step 207).

Mathematically, the reference symbols are phase corrected according to
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RSicorr = RSiejZFAtfl s lzla 2’ LR ] N (3)

where N represents the number of phase-corrected reference symbols.
Following phase correction, the scrambling detection procedure is then performed on
the phase corrected reference symbols (step 209). This step involves, for each of N phase-

corrected reference symbols, applying M different hypothetical scrambling codes

(sl.j , where j =1,...,M and i =1,..., N ) to the phase-corrected reference symbols and, for each

hypothetical scrambling code, computing the energy of the descrambled signal:

N
Z (Sij ) % RSicorr
i=1

The cell ID is indicated by that one of the hypothetical scrambling codes that resulted

2

Q; = 4)

in the largest descrambled signal energy; that is:

cell ID=max(Q, (5)
J

It will be understood that in embodiments in which the actual form of the cell ID is not
actually expressed as a number in the range 1,...,M, the result of equation (5) is nonetheless
an indicator of the actual cell ID by virtue of its indicating which of the M hypothetical
scrambling codes is associated with the transmitting cell.

The description has so far focused on embodiments utilizing a model of the phase shift
between sub-carriers. However, use of such a model is not essential to the invention.
Alternative embodiments can advantageously utilize more complete information about the
actual channel, when such information is available. For instance, consider FIG. 3a, which is
an example of a channel power delay profile 300 of a two-tap channel and illustrates the
effects of FFT window placement. A signal 301 is transmitted at time 7. As is known in
OFDM technology, a preliminary part of the signal 301 comprises a cyclic prefix (CP) that is
a replication of the information carried by a tale-end of the signal 301.

Because of multi-path propagation, a first path between transmitter antenna and
receiver antenna results in a first ray 303 being received at time #;, and a second (longer) path
results in a second ray 305 being received at time #,. In order to demodulate the signal the
receiver will apply an FFT. Placement of the FFT window will yield different effects. A first
possible window position 307 begins at a midpoint between those moments at which the two
received signals (e.g., first and second rays 303, 305) would result in zero phase shift if
considered in isolation from one another. Placement in the middle causes the phase shifts

from the individual received signals to be of the same size but of opposite sign. Specifically,
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the point (herein denoted “f,,.;,_prase ) can be found as the midpoint between ¢; and ¢, plus the
length of the cyclic prefix. However, such placement would cause the FFT to include severe
intersymbol interference (ISI).

To avoid such interference, the FFT window is usually started at an earlier point in
time. In order to best eliminate ISI, the FFT window should end at a time that is coincident
with the end of the first ray 303. In this example, that endpoint occurs at time #,5; ¢na. A
second window position 309 whose endpoint coincides with time 7., _cns accordingly begins at
time fop_start-

In the more general case, a channel will have more than two paths. To illustrate this
situation, FIG. 3b is an example of a complete channel power delay profile 350 and the effects
of FFT window placement. A signal 351 is transmitted at time #9. Because of multi-path
propagation, a first path between transmitter antenna and receiver antenna results in a first ray
353 being received at time #5,, and a last (longest) path results in a final ray 355 being
received at time #;,,,. Other rays (not illustrated) are also received by the receiver. As with the
case of the two tap channel, in order to demodulate the signal the receiver will apply an FFT.
As in the case described above, placement of the FFT window will yield different effects. A
first possible window position 357 begins at a point between #5,; and #,, at which the center
of gravity of the impulse response occurs plus the length of the cyclic prefix. Alternatively,
the point of maximum impulse response of the channel (max(4(¢)) could be used. In either
case, that point, which is herein denoted fin_phase, Will result in a minimum phase rotation
between sub-carriers. However, as with the two tap channel example described earlier, such
placement would cause the FFT to include severe ISI.

To avoid such interference, the FFT window is usually started at an earlier point in
time. In order to best eliminate ISI, the FFT window should end at a time that is coincident
with the end of the first ray 353. In this example, that endpoint occurs at time #,5; ¢pa. A
second window position 359 whose endpoint coincides with time f,,, .,s accordingly begins at
time fop_start-

Regardless of whether one considers the specific two tap channel illustrated in FIG. 3a
or the more general case illustrated in FIG. 3b, it can be seen that there is a distance between
the point at which the FFT window should be placed to minimize phase rotation (i.e.,
tmin_phase) and the point at which the FFT window is actually placed (i.e., fop ) to best avoid
ISI. Let this distance be n samples, corresponding to an amount of time herein denoted

T’ _sampies. This placement of the FFT window gives rise to an FFT-introduced rotation



10

15

20

25

30

WO 2008/049713 PCT/EP2007/060465

-10-

between sub-carriers k and [ of ¢ /2**"Ner \wherein Nggpr is the size of the FFT. This
expression for phase rotation can therefore be used as a basis for determining the amount of
phase compensation (step 203) to be applied to the reference symbols, RS; on each sub-carrier
after they have been obtained from the received signal (step 205). With this phase
compensation having been performed, the remaining steps 207 and 209 are performed as
described earlier.

In other alternative embodiments, still other techniques can be used to derive a phase
shift function that can be utilized to determine the amount of phase compensation required for
each sub-carrier when performing step 203. For example, one could convert the PDP 300,
350 into the frequency domain to derive the channel estimate. The channel estimate will
include phase information for each sub-carrier, and these can be used in the compensating
step 203. Alternatively, one could utilize the signal, s;, from the Secondary-Synchronization
Channel (S-SCH) which, by the time cell ID is to be determined, is known from earlier
processing. An FFT is applied to the OFDM symbol of the S-SCH to obtain a signal, y; .
The signal y; is known to be

y,=Hs,, (6)
where s; is the original S-SCH symbol, and H; is the filtering applied to s; by the channel. One
can therefore obtain an estimate of the channel, H ., by dividing y; by the signal s;, to thereby
obtain:
H=yls,. (7)

The estimate of the channel model can then be used as a basis for determining the
amount of phase compensation (step 203) to be applied to the reference symbols, RS; on each
sub-carrier after they have been obtained from the received signal (step 205). With this phase
compensation having been performed, the remaining steps 207 and 209 are performed as
described earlier.

All of the embodiments discussed up to this point use a model of the phase of each
sub-carrier to determine how to correct the various reference symbols. The discussion will
now focus on methods and apparatuses that do not use this technique.

FIG. 4 is a flowchart depicting steps/processes performed by suitable logic (e.g.,
hardware or software in conjunction with hardware) operating in cellular communication
equipment consistent with alternative embodiments of the invention that do not rely on an

estimate of the phase of each sub-carrier. The received signal is processed by an FFT (step
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401). The resultant symbols will include some number, N, of reference symbols, RS; (i=1, 2,
..., V) that will be used for cell ID detection.

Then each of a number, K, of hypothesized phase shift sequences
-nk «nk .0k T
P, {eﬂl L ,...,efﬂ k=1,...K 8)

is applied as a phase correction to the set of reference symbols (step 403) to produce K sets of

hypothetical phase-corrected reference symbols, RS,”", according to

RS = RS,e™ , i=1,.,N andk =1,..,K 9)

where N is the number of reference symbols obtained from the FFT and K is the number of
hypothesized sets of phase corrections (each set of phase corrections itself having N
elements). The K hypothesized phase shift sequences are advantageously stored in a lookup
table, and can be obtained from earlier-performed laboratory experiments. Different
hypothesized phase shift sequences can be designed for different delay spreads and PDPs, so
that at least one of them will correspond to actual conditions experienced by the
communication equipment.

Then, each of M hypothesized sets of scrambling codes (each hypothesized set of
scrambling codes itself comprising N elements) is applied to each of the K hypothesized sets
of phase-corrected reference symbols (step 405) to compute K xM signal energy values

according to:
2

0, = k=1,...Kandj=1,..M (10)

i(sf)*RSiZ”
i=1

Now that the K x M signal energy values have been generated, the cell ID is

ascertained (STEP 407) according to
cell ID :max{m]?x Qk’j} (11)
J

In some embodiments, techniques can be applied to adapt the hypothesized sets of
phase corrections, and thereby reduce the testing to a smaller number of hypotheses. For
example, knowledge of the delay spread and/or PDP can be used to determine which
hypothesized sets of phase corrections are more likely to represent the true setoff phase
corrections. To illustrate this, suppose M pilot symbols are equidistantly spaced in frequency

at a distance of Af . The phase shift sequence will then be of the form:

. . . T
_ 9 26, (M-1)6,
B o=[1,e%,e7%, e/ ] (12)
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The invention has been described with reference to particular embodiments. However,
it will be readily apparent to those skilled in the art that it is possible to embody the invention
in specific forms other than those of the embodiment described above. The described
embodiments are merely illustrative and should not be considered restrictive in any way. The
scope of the invention is given by the appended claims, rather than the preceding description,
and all variations and equivalents which fall within the range of the claims are intended to be

embraced therein.
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CLAIMS:
1. A method of ascertaining which one of a number of cells of a cellular communication
system transmitted an Orthogonal Frequency Division Multiplexing (OFDM) signal, the
method comprising:

obtaining a plurality of reference symbols from the OFDM signal;

estimating one or more compensating phase shift values for aligning the plurality of
reference symbols with respect to phase;

generating a plurality of phase corrected reference symbols by using the one or more
compensating phase shift values to align the plurality of reference symbols with respect to
phase;

applying at least two scrambling code sequences to the phase corrected reference
symbols to obtain at least two de-scrambled phase corrected reference symbol sequences,
wherein each of the scrambling codes is associated with a respectively different one of the
cells of the cellular communication system, and wherein each of the scrambling code
sequences comprises at least one of a pseudorandom noise sequence and an orthogonal code;

ascertaining a power value of each of the de-scrambled phase corrected reference
symbol sequences; and

ascertaining which one of the scrambling codes is associated with a highest one of the
power values, thereby ascertaining which one of the number of cells of the cellular

communication system transmitted the OFDM signal.

2. The method of claim 1, wherein obtaining the plurality of reference symbols from the
OFDM signal comprises:

obtaining one or more of the reference symbols from one or more of a number of sub-
carriers of the OFDM signal; and

obtaining one or more of the reference symbols from one or more other ones of the

sub-carriers of the OFDM signal.

3. The method of claim 2, wherein:
obtaining the plurality of reference symbols from the OFDM signal comprises
applying a Fast Fourier Transform (FFT) to a plurality of samples of the OFDM signal; and
estimating the one or more compensating phase shift values for aligning the plurality

of reference symbols with respect to phase comprises:



10

15

20

25

30

WO 2008/049713 PCT/EP2007/060465

-14-

ascertaining which of the plurality of samples of the OFDM signal would be a
starting point of the FFT causing a smallest rotation across sub-carriers; and

estimating the one or more compensating phase shift values as a function of a
relative distance between an actual starting point of the FFT and the starting point of the FFT

causing the smallest rotation across sub-carriers.

4. The method of claim 3, wherein the starting point of the FFT causing a smallest
rotation across sub-carriers corresponds to a maximum peak of a power delay profile of a

channel through which the OFDM signal was transmitted.

5. The method of claim 3, wherein the starting point of the FFT causing a smallest
rotation across sub-carriers corresponds to a center of gravity of a power delay profile of a

channel through which the OFDM signal was transmitted.

6. The method of claim 2, wherein estimating the one or more compensating phase shift
values for aligning the plurality of reference symbols with respect to phase comprises:

ascertaining a power delay profile of a channel through which the OFDM signal was
transmitted;

applying a Fast Fourier Transform (FFT) to the power delay profile to obtain an
estimate of the channel through which the OFDM signal was transmitted; and

using the estimate of the channel to obtain the one or more compensating phase shift

values as a function of the delay spread value.

7. The method of claim 6, wherein the power delay profile is obtained by correlating
differently delayed expected versions of a known signal with an actually-received known

OFDM signal to find the correlation peaks.

8. The method of claim 7, wherein the known signal is obtained from a Primary-

Synchronization Channel in the cellular communication system.

9. The method of claim 2, wherein estimating the one or more compensating phase shift
values for aligning the plurality of reference symbols with respect to phase comprises:

obtaining a frequency-domain representation of a received known OFDM symbol;
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dividing the frequency-domain representation of the received known OFDM symbol
by a frequency-domain representation of an expected known OFDM symbol to obtain an
estimate of the channel through which the OFDM signal was transmitted; and

using the estimate of the channel to obtain the one or more compensating phase shift

values as a function of the delay spread value.

10. The method of claim 9, wherein the received known OFDM symbol is obtained from a

Secondary-Synchronization Channel in the cellular communication system.

11. The method of claim 1, wherein:
estimating the one or more compensating phase shift values for aligning the plurality
of reference symbols with respect to phase comprises:
applying each of a plurality, K, of hypothesized sets of phase corrections to the
plurality reference symbols to obtain K sets of hypothesized phase corrected reference
symbols; and
applying at least two scrambling code sequences to the phase corrected reference
symbols to obtain at least two de-scrambled phase corrected reference symbol sequences
comprises:
applying at least two scrambling code sequences to each of the K sets of
hypothesized phase corrected reference symbols to obtain at least 2K de-scrambled phase

corrected reference symbol sequences.

12. The method of claim 11, comprising:
using information about a delay spread of a channel through which the OFDM signal

was transmitted to initially obtain the K hypothesized sets of phase corrections.

13. The method of claim 11, comprising:
using information about a power delay profile of a channel through which the OFDM

signal was transmitted to initially obtain the K hypothesized sets of phase corrections.

14. The method of claim 11, wherein each of the hypothesized sets of phase corrections

comprises phase correction values that are linear across sub-carriers.
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15. The method of claim 1, wherein estimating the one or more compensating phase shift
values for aligning the plurality of reference symbols with respect to phase comprises:
ascertaining a delay spread value of a channel through which the OFDM signal was
transmitted; and
estimating the one or more compensating phase shift values as a function of the delay

spread value.

16. The method of claim 15, wherein estimating the one or more compensating phase shift
values as a function of the delay spread value comprises computing a phase shift between a
first sub-carrier at frequency f; and a second sub-carrier at frequency f; in accordance with:

compensating phase shift = ¢’ it

wherein Ar is the delay spread value.

17. The method of claim 1, wherein each of the scrambling code sequences comprises

both a pseudorandom noise sequence and an orthogonal code.

18. An apparatus for ascertaining which one of a number of cells of a cellular
communication system transmitted an Orthogonal Frequency Division Multiplexing (OFDM)
signal, the apparatus comprising:

logic configured to obtain a plurality of reference symbols from the OFDM signal;

logic configured to estimate one or more compensating phase shift values for aligning
the plurality of reference symbols with respect to phase;

logic configured to generate a plurality of phase corrected reference symbols by using
the one or more compensating phase shift values to align the plurality of reference symbols
with respect to phase;

logic configured to apply at least two scrambling code sequences to the phase
corrected reference symbols to obtain at least two de-scrambled phase corrected reference
symbol sequences, wherein each of the scrambling codes is associated with a respectively
different one of the cells of the cellular communication system, and wherein each of the
scrambling code sequences comprises at least one of a pseudorandom noise sequence and an
orthogonal code;

logic configured to ascertain a power value of each of the de-scrambled phase

corrected reference symbol sequences; and
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logic configured to ascertain which one of the scrambling codes is associated with a
highest one of the power values, thereby ascertaining which one of the number of cells of the

cellular communication system transmitted the OFDM signal.

19. The apparatus of claim 18, wherein the logic configured to obtain the plurality of
reference symbols from the OFDM signal comprises:

logic configured to obtain one or more of the reference symbols from one or more of a
number of sub-carriers of the OFDM signal; and

logic configured to obtain one or more of the reference symbols from one or more

other ones of the sub-carriers of the OFDM signal.

20. The apparatus of claim 19, wherein:
the logic configured to obtain the plurality of reference symbols from the OFDM
signal comprises logic configured to apply a Fast Fourier Transform (FFT) to a plurality of
samples of the OFDM signal; and
the logic configured to estimate the one or more compensating phase shift values for
aligning the plurality of reference symbols with respect to phase comprises:
logic configured to ascertain which of the plurality of samples of the OFDM
signal would be a starting point of the FFT causing a smallest rotation across sub-carriers; and
logic configured to estimate the one or more compensating phase shift values
as a function of a relative distance between an actual starting point of the FFT and the starting

point of the FFT causing the smallest rotation across sub-carriers.

21. The apparatus of claim 20, wherein the starting point of the FFT causing the smallest
rotation across sub-carriers corresponds to a maximum peak of a power delay profile of a

channel through which the OFDM signal was transmitted.

22. The apparatus of claim 20, wherein the starting point of the FFT causing the smallest
rotation across sub-carriers corresponds to a center of gravity of a power delay profile of a

channel through which the OFDM signal was transmitted.
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23. The apparatus of claim 19, wherein the logic configured to estimate the one or more
compensating phase shift values for aligning the plurality of reference symbols with respect to
phase comprises:

logic configured to ascertain a power delay profile of a channel through which the
OFDM signal was transmitted;

logic configured to apply a Fast Fourier Transform (FFT) to the power delay profile to
obtain an estimate of the channel through which the OFDM signal was transmitted; and

logic configured to use the estimate of the channel to obtain the one or more

compensating phase shift values as a function of the delay spread value.

24. The apparatus of claim 23, comprising:
logic configured to obtain the power delay profile by correlating differently delayed
expected versions of a known signal with an actually-received known OFDM signal to find

the correlation peaks.

25. The apparatus of claim 24, comprising:
logic configured to obtain the known signal from a Primary-Synchronization Channel

in the cellular communication system.

26. The apparatus of claim 19, wherein the logic configured to estimate the one or more
compensating phase shift values for aligning the plurality of reference symbols with respect to
phase comprises:

logic configured to obtain a frequency-domain representation of a received known
OFDM symbol;

logic configured to divide the frequency-domain representation of the received known
OFDM symbol by a frequency-domain representation of an expected known OFDM symbol
to obtain an estimate of the channel through which the OFDM signal was transmitted; and

logic configured to use the estimate of the channel to obtain the one or more

compensating phase shift values as a function of the delay spread value.

27. The apparatus of claim 26, comprising:
logic configured to obtain the received known OFDM symbol from a Secondary-

Synchronization Channel in the cellular communication system.
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28. The apparatus of claim 18, wherein:
the logic configured to estimate the one or more compensating phase shift values for
aligning the plurality of reference symbols with respect to phase comprises:
logic configured to apply each of a plurality, K, of hypothesized sets of phase
corrections to the plurality reference symbols to obtain K sets of hypothesized phase corrected
reference symbols; and
the logic configured to apply at least two scrambling code sequences to the phase
corrected reference symbols to obtain at least two de-scrambled phase corrected reference
symbol sequences comprises:
logic configured to apply at least two scrambling code sequences to each of the
K sets of hypothesized phase corrected reference symbols to obtain at least 2K de-scrambled

phase corrected reference symbol sequences.

29. The apparatus of claim 28, comprising:
logic configured to use information about a delay spread of a channel through which
the OFDM signal was transmitted to initially obtain the K hypothesized sets of phase

corrections.

30. The apparatus of claim 28, comprising:
logic configured to use information about a power delay profile of a channel through
which the OFDM signal was transmitted to initially obtain the K hypothesized sets of phase

corrections.

31. The apparatus of claim 28, wherein each of the hypothesized sets of phase corrections

comprises phase correction values that are linear across sub-carriers.

32. The apparatus of claim 18, wherein the logic configured to estimate the one or more
compensating phase shift values for aligning the plurality of reference symbols with respect to
phase comprises:

logic configured to ascertain a delay spread value of a channel through which the

OFDM signal was transmitted; and
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logic configured to estimate the one or more compensating phase shift values as a

function of the delay spread value.

33. The apparatus of claim 32, wherein the logic configured to estimate the one or more
compensating phase shift values as a function of the delay spread value comprises logic
configured to compute a phase shift between a first sub-carrier at frequency f; and a second

sub-carrier at frequency f; in accordance with:

compensating phase shift = ¢’ 2elfiflar

wherein Ar is the delay spread value.

34. The apparatus of claim 18, wherein each of the scrambling code sequences comprises

both a pseudorandom noise sequence and an orthogonal code.
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