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Method and Arrangement in a Telecommunication System

FIELD OF THE INVENTION

The present invention relates to methods and arrangements in cellular mobile
communication systems, in particular to a random access burst construction for a 3G LTE

(Long Term Evolution) communication system.
BACKGROUND OF THE INVENTION

In modern cellular radio systems, the radio network has a strict control on the behavior of
the terminal. Uplink transmission parameters like frequency, timing, and power are

regulated via downlink control signaling from the base station to the terminal.

In order for the base station (also called Node B in WCDMA terminology) to control the
terminal (also called user equipment, abbreviated to UE in WCDMA terminology),
measurements on an uplink signal are required. The determination of timing
misalignment requires a comparison of the timing of the received signal with a reference
clock in Node B. Timing misalignment is caused by unknown propagation delay and the
mutual drift between the clocks in the Node B and in the UE. Likewise, the determination
of the transmit power requires a measurement of the received power in Node B in
comparison with some threshold. The received power not only depends on the UE
transmit power but also on the signal attenuation during propagation. The latter will differ

over time.

Uplink measurements are rather straightforward when the UE has established a duplex
connection with the Node B. In that case, uplink signals are present for the
measurements, whereas downlink signals can carry the control signaling to adjust the UE
parameters. However, when the UE is not connected but is in standby, it only listens to
the downlink control signal periodically. Thus, there is no uplink signal for the Node B to
measure. Before connection establishment, the UE has to carry out a random access
(RA) procedure. This is initiated by the UE transmitting a random access burst through a
radio interface to the network, which is received by Node B. During the random access
procedure, uplink parameters like timing and power are not very accurate. This poses

extra challenges to the dimensioning of a random access procedure.
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Usually, a physical random access channel (PRACH) is provided for the UE to request
access to the network. This means that random access bursts must be detected with
good confidence and, when detected, used for propagation delay estimation. The used
access burst (AB) contains a preamble with a specific bit sequence that has good auto-
correlation properties. The PRACH can be orthogonal to the traffic channels (TCH). For
example, in GSM a special PRACH slot is defined. Because multiple UEs can request
access at the same time, collisions may occur between requesting UEs. A contention
resolution scheme has to be implemented to separate the UE transmissions. This
scheme usually includes a random back off procedure. The timing uncertainty is
accounted for by extra guard time. The power uncertainty is usually less of a problem as
the PRACH is orthogonal to the traffic channels.

In WCDMA, the PRACH is shared with the uplink traffic channels. The uplink channels
are not orthogonal. In addition to interference from other requesting UEs, interference is
experienced from uplink traffic channels and vice versa. The processing gain provided by
the Direct-Sequence spreading will have to cope with the mutual interference. In
WCDMA, the transmit power is a shared radio resource. In order to avoid near-far

problems, the power received at Node B has to be approximately equal for each UE.

Traffic channels in LTE, i.e. an uplink (UL) basic transmission scheme, are described,
e.g., in the document 3GPP TR25.814, v7.1.0 (2006-09),"Physical Layer Aspects for
Evolved UTRA", Technical Report, Technical Specification Group Access Network, 3rd
Generation Partnership Project (Rel.7). Here, a cyclic prefix (CP) is inserted in order to
enable frequency domain processing. A cyclic prefix (CP) is a sequence of symbols
inserted at the start of a block that correspond to a number of symbols at the end of that
block. In other words, the cyclic prefix is a repeat of the end of the sequence inserted at
the beginning. This means that support for calculating, e.g., Fast Fourier Transforms

(FFTs) is needed in an uplink (UL) receiver side of a communication system.

Whenever a discrete Fourier transform (DFT) implemented as an FFT is used on a time
domain signal, this time domain signal is assumed to be periodic with period time equal to
the length of the DFT. In order to ensure this for signals subject to dispersive channels, a
cyclic prefix can be used.
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SUMMARY OF THE INVENTION

In accordance with a first aspect of the invention there is provided a method of operating a
communication system as defined in claim 1.

In accordance with a second aspect of the invention, there is provided a communication
system as defined in claim 35.

In accordance with a third aspect of the invention, there is provided a method of operating
a device as defined in claim 69.

In accordance with a fourth aspect of the invention, there is provided a device for use in a

communication system as defined in claim 90.

In accordance with a fifth aspect of the invention, there is provided a method of operating

a receiver as defined in claim 112.

In accordance with a sixth aspect of the invention, there is provided a receiver for use in a

communication system as defined in claim 129.

In accordance with a sixth aspect of the invention, there is provided a random access
transmission data structure for use by a device in accessing a communication system as

defined in claim 146.

The peak-to-sidelobe ratio of the autocorrelation of a preamble is determined by the Time-
Bandwidth (TB) product. Large Time-Bandwidth products are desired. In conventional
systems, however, the Access Burst (AB) is fed into a time-sliding correlator which is
matched to the preamble sequence. If the Time-Bandwidth product is large and, in
addition, different preamble sequences can be used, the correlation becomes a
computationally complex operation. In WCDMA, the current correlators are regarded as
highly complex circuits. These correlators are specially designed, and operate in parallel
to the traffic streams. With LTE, the Time-Bandwidth products may increase, further
challenging the circuit design.

In order to overcome the problems with highly complex circuits of the current random

access burst detection, the solution according to the present invention suggests using
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frequency-domain processing instead of time-domain processing. Correlation in the time
domain with the sequence impulse response corresponds to muiltiplication in the
frequency domain with the sequence frequency response. Such a frequency domain
multiplication is equivalent to a time domain correlation if a cyclic prefix is used which has
a length of at least the maximum delay spread of the dispersive channel plus maximum
round-trip propagation delay.

In the preamble detection, the round-trip propagation delay is unknown and to be
estimated. In order to ensure that the received signal appears periodic within the
observation window, a cyclic prefix might be used with a length that is at least equal to the
maximum round-trip delay plus the maximum delay spread of the dispersive channel.
Also, a guard time should have a length at least equal to maximum round-trip propagation

delay in order to avoid RA transmissions from interfering with subsequent transmissions.

One advantage with this invention is that the receiver for the random access procedure
can use the FFT and inverse FFT (IFFT) circuitry also in use for the traffic uplink
channels. Therefore, no separate access burst receiver chain needs to be constructed in

parallel to the traffic receiver chain.

Another advantage of this invention is that the reception can be done in the frequency
domain, which will result in a less computationally complex receiver in comparison to a
time domain receiver that is conventionally used for random access. Furthermore,
frequency domain processing enables utilization of periodic correlation functions which
show better properties than a-periodic correlation functions, thus improving detection

performance.

Several PRACHs may have been defined at different parts in the overall frequency band
allocated to the system. Several random access attempts may take place simultaneously
at these different PRACHSs. After performing an FFT on the received signal, the frequency
band allocated to each PRACH can be easily extracted.

By including a cyclic prefix before the preamble, the number of FFT computations within
the random access window reduces considerably. A smaller cyclic prefix before the
message part will allow frequency domain equalization in a multi-path environment.
Unique words can be included to train the receiver and facilitate decision feedback

equaliser (DFE), maximum likelihood sequence estimation (MLSE) and decision feedback



10

15

20

25

30

35

WO 2007/089199 PCT/SE2007/050037

5

sequence estimation (DFSE) operations. The unique words can be made part of the
preamble sequence thus reducing the overhead they may provide. By using zero padding

instead of a cyclic prefix for the preamble the spectrum efficiency can be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be described, by way of example, with reference to, and as
shown in, the following drawings, in which:

Figure 1 illustrates a schematic view of the proposed time-frequency mapping of the

PRACH in an LTE communication system with one RA window each 10ms;
Figure 2 illustrates an access burst format;

Figure 3 illustrates a receiver structure for preamble detection using frequency domain

techniques;

Figure 4 illustrates an access burst FFT processing;

Figure 5 illustrates an access burst including a unique word;

Figure 6 illustrates an access burst using zero padding for the preamble and a
message block (MB) with cyclic prefix (CP) with the message block placed before the

preambile;

Figure 7 illustrates an access burst using zero padding for the preamble and a

message block, whereby the message block is placed before the preamble;

Figure 8 illustrates an access burst using zero padding for the preamble and a

message biock, whereby the message block is placed after the preamble;

Figure 9 illustrates an arrangement to find sequence ID and timing in the frequency

domain;

Figures 10(a)-(b) show the improved spectral efficiency when zero padding is used;
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Figures 11(a)-11(f) illustrate the derivation of efficient frequency domain reception for
zero-padded signals. Figures 11(a) and 11(b) show a transmitted signal without cyclic
prefix and the corresponding received signal. Figure 11(c) illustrates the transmission
of a cyclic prefix resulting in the received signal depicted in figure 11(d). Superposition
of the signals in figures 11(b) and 11(d) delivers the now cyclic signal in figure 11(e).
The same result (within the N sample wide frame) can be achieved by the overlap-and-

add operation as shown in figure 11(f); and

Figures 12(a)-12(c) illustrate an N sample long receiver frame as well as the overlap-
and-add operation for such a channel.

DESCRIPTION OF THE INVENTION

The description of the present invention applies as a working assumption a random
access (RA) window of 0.5 ms repeated every 10 ms as illustrated in Figure 1. Naturally,
the present invention is not restricted to such values and is equally applicable for other
parameter values. The description uses the terminology of a WCDMA-based
communication system. However, it is notwithstanding possible to apply the invention

accordingly in other systems.

During the access window of length Tracw, Which is normally 0.5 ms but can be extended
for large cells, the user equipment (UE) may send an access burst (AB) to a Node B.
Because the UE is not yet time synchronized in the uplink, there is an unknown
propagation delay. A guard period (GP) of length Tgp is required at the end of the access
burst to prevent the access burst from overlapping with traffic bursts that follow after the
RA window. The basic access burst format within the random access (RA) window is

shown in Figure 2, where the AB has a preambie and a message block (MB).
As an example, when assuming a guard period (GP) of 100 us after an AB burst of 400

us, the AB can be received at the Node B with a maximum delay of 100 ps. This 100 ps

delay corresponds to a design where a maximum cell radius of

100-107¢.3.10®

=~ 15km can be handled (when Tracu €quals 0.5 ms).
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If the total AB length is shorter than 400 ps, no overlap will occur with later traffic bursts,
even under the biggest delay conditions in that 15km radius cell.

Several different preambles can be defined to separate multiple users simultaneously
performing a random access. Preferably, a set including a small number of preambles is
defined from which a UE performing a random access can select a sequence at random.
Rules linking the preambles to a pre-assigned UE ID can also be considered. The
message block (MB), which is optional, can be used to carry, e.g., information required to
set up a connection.

For each RA window of length Tgracw, as illustrated in Figure 1, the Node B receiver will
start with a preamble detector. Instead of using a matched correlator in the time domain,
the detection is carried out in the frequency domain in accordance with the invention.
This can be accomplished by applying an FFT, and extracting the frequency band
corresponding to the RACH resulting in RACH sub-carriers. These extracted sub-carriers
are multiplied with the conjugate complex of the preamble frequency response Hpreambie(f).
followed by an inverse FFT. The output of the IFFT will show the auto-correlation
function, and a proper detection of the preamble can then be carried out. Figure 3 shows
a Node B receiver 2 for carrying out this detection. The receiver 2 comprises an antenna
4 coupled to radio receiver circuitry 6. The received signal is then passed through FFT
circuitry 8, circuitry 10 for extracting the RACH frequency band, multiplication block 12
and IFFT block 14 in turn. Finally, a detection block 16 is provided for detecting the

preamble.

The location of the preamble within the RA window at the Node B is unknown and
depends on the distance between the UE and the Node B. A first cyclic prefix (CP1) is
added at the start of the preamble. The length of this first cyclic prefix (CP1) preferably

corresponds to the maximum round-trip time plus maximum delay spread.

However, if a cyclic prefix is used which is shorter than the maximum round-trip time plus
maximum delay spread, then FFT sampling windows might be staggered with a short
overlap. The offset between the successive sampling windows is preferably equal to the
difference between the length of the first cyclic prefix Tcp: and the length of the delay
spread Tps, as shown in Figure 4. The number of FFT sampling windows now reduces to

TGP/(TCPI - Tos) .
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As described above, a cyclic prefix is a set of symbols inserted at the start of a block that
correspond to a number of symbols of the end of that block.

A message block (MB) might be included in the AB, e.g. after the preamble. This MB
might preferably, but not necessarily, include a UE ID as described above. When multiple
UEs are requesting access simultaneously, the Node B must have a way to distinguish
between them. The MB may also include additional information, for example the reason
for access, scheduling request information, and so on. The MB is decoded after detection
of the preamble, since the preamble detection can deliver radio channel estimates, timing
estimates and frequency offset estimates. A second cyclic prefix CP2 can be added
before the MB in order to facilitate the equalization in the frequency domain. The second
cyclic prefix CP2 allows frequency domain equalization which can undo the effects of
multi-path fading. Since the MB will be decoded after timing synchronization has been
established using the preamble, the length of the second cyclic prefix CP2 only has to
take into account the multi-path (delay spread) and not the initial time uncertainty.
Therefore the length of the second cyclic prefix CP2 for the MB should be shorter than the
first cyclic prefix CP1 for the preamble. Preferably CP2 << CP1.

If a frequency domain equalizer is used at the receiver side (e.g. in Node B), an FFT
should be calculated over the MB as well. This implies that the length of the MB should

preferably be 2 times the sampling period, where k is an integer.

In an embodiment of the invention, it is possible to use a selection of unique words (UW)
with the cyclic prefixes (CP). The symbol detection of the message block (MB) can be
improved by the MB including known training sequences, called unique words (UW). A
unique word (UW) can form the second cyclic prefix CP2 of Figure 4, as shown in Figure
5. Here, the result is that the UW is placed both before and after the MB. In this way, the
UW can serve both as a cyclic prefix and a tail sequence in a DFE (Decision Feedback
Equalizer), MLSE (maximum likelihood sequence estimator) or any hybrid, e.g. DFSE
(Decision Feedback Sequence Estimator). Since the UW is a fixed sequence, it can also
be made part of the trail of the preamble. The trail of the preamble is the last few samples
of the preamble sequence. Alternatively, the UW might be selected as the last part of the
preamble. Therefore, it will also be repeated as a part of the first cyclic prefix CP1 as
illustrated in Figure 5. In that case, the UW does not have to be inserted explicitly as a
second cyclic prefix in the message block as in Figure 4, thus reducing overhead.
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If a frequency domain equalizer is used at the receiver side (e.g. in Node B), an FFT
should be calculated over both the MB and the UW. This implies that the length of the MB
and UW should preferably be 2" times the sampling period where k is an integer.

Yet another embodiment of the present invention may relate to the use of zero padding
(ZP) instead of, or in addition to cyclic prefixes (CP). The zero padding (ZP) is used in
order to improve spectrum efficiency. After the preamble, a number of zero valued
symbols can be added, where the length of the symbol corresponds to the sum of the
maximum round-trip time and the maximum delay spread (i.e. the same as the length of
the first cyclic prefix CP1 above). These zero valued symbols can also serve as a guard
period at the end of the access burst in order to avoid overlap of the preamble with the
subsequent sub-frame. Since this ZP replaces both the CP (of, e.g., approximately 100
us for round trip time and 5 ps for delay spread) and the GP (also of, e.g., approximately
100 ws), the spectrum efficiency is improved. This increase in spectrum efficiency might
be used for a longer preambile, a longer MB, or a longer guard period which would allow
the possibility of using larger cells). A short guard period should also be placed before the

preamble, in order to avoid overlap with symbols transmitted before the preamble.

Preferably, in this embodiment, the MB is placed before the preamble. Figure 6 shows an
access burst with the message block placed before the preamble, a cyclic prefix
preceding the message block, and zero padding preceding the preamble. Figure 7 shows
another access burst with the message block placed before the preamble, where both the
message block and preamble are preceded by zero padding. Alternatively, the MB can
be placed after the preamble, as shown in Figure 8 with both the preamble and message
block being preceded by zero padding, but then the benefit of reusing the ZP as the guard

period is lost.

In the embodiments where the preamble is preceded by a cyclic prefix, the application of
frequency domain processing is straight forward. In addition to the advantage of lower
implementation complexity (compared to traditional time-domain matched filter
processing), frequency domain processing also offers the advantage of using periodic
correlation functions. Many sequences have ideal periodic autocorrelation functions (e.g.
Generalized Chirp-Like or Zadoff-Chu sequences) but non-ideal a-periodic auto-

correlation functions.

Application of a discrete Fourier transform (DFT) to a received signal y,delivers
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Y = HB(u),
where Hy and Pyu) are the DFT of the channel impulse response h, and preamble
sequence pn(u) evaluated at index k, respectively. The transformation length N is equal to
the preamble length and Yy is the received signal y, after DFT application. Index u

specifies which preamble was chosen by the UE. This sequence index is chosen by the
UE and is unknown to the Node B receiver.

In order to determine the relative timing between Node B and UE the receiver determines
which sequence u was transmitted by the UE and subsequently determines the timing.
One way to determine the sequence index is to multiply Yy with all possible DFT
transformed preamble sequences Pj (v) and to transform the obtained vectors back into
the time-domain by means of inverse DFT (IDFT) transformations of length N. Such an

arrangement is shown in figure 9.

Thus, the received signal y, = h,ps(u) is transformed by a DFT of length N into the
frequency domain. A branch is then provided for each possible preamble sequence pn(u)

and the DFT of the signal, Y, is multiplied by the conjugate complex DFT of each
preamble sequence pn(u), denoted P, (v1) P, (v2)....P; (vx). The inverse DFT of each

product is taken and, for each branch, a detector should be used where, e.g., the output
from the IDFT is compared to a threshold in order to decide if that corresponding
sequence was received. In this manner, several sequences might be detected; one for
each branch. A maximum device can be used to select those branches (i.e. sequence
index u) having the highest peak magnitude, if there is a limitation on the number of

detected signatures.

It should be noted that the size of the DFT might be larger than the size of the IDFT, see
figure 9. This is because the DFT might be used on a received signal with a much higher
bandwidth than the RACH channel, and that an extraction of the RACH bandwidth is done
after the DFT (compare this with Figure 3).

Multiplication in the DFT domain corresponds to cyclic convolution in the time-domain

when the DFT transformation length is chosen appropriately. The frequency vectors
Z,(M) =Y, F(v)
=H,F ()F (v)

correspond in the time-domain to a cyclic convolution
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z,(v)=h ®p, (1) ®pin(v).

The cyclic convolution between the two last terms gives, in the case that u is equal to v,
the periodic auto-correlation function, and otherwise the periodic cross-correlation
function. As already mentioned the periodic auto-correlation function has better
properties than the a-periodic one and thus detection performance is improved.

After the correct sequence has been identified (u=v) the peak location of z,(u) is a first
estimate for the relative timing between Node B and UE. This first estimate can be

improved by subsequent signal processing operations taking, e.g., the multi-path

character of the channel into account.

As mentioned earlier, the preamble sequence identification does not have to be
performed with the above described IFFT transformations and subsequent maximum
operation, other means can be envisioned, too. Nevertheless, as long as the auto-
correlation is calculated in the frequency-domain as described above, advantages

concerning the periodic auto-correlation remain.

As described above, the replacing of the cyclic prefix by zero padding, and combining it
with the guard period in order to avoid interference with the next sub-frame, increases the
spectral efficiency. This is illustrated in Figure 10 by a RACH time slot of length Track in
which there is a cyclic prefix CP before the preamble (Figure 10(a)) and zero padding
before and after the preamble (Figure 10(b)).

Assuming a constant preamble length Tpeamoe, the shorter length of the zero padding
(Tos) compared to the length of the cyclic prefix (roundtrip time (Trr) + Tps) means that the
RACH slot can be shorter.

Alternatively, if the length of the RACH time slot is fixed, the length of the preamble in the

zero padding embodiment can be increased.

The frequency domain processing as described above is preferably applicable to signals
with a cyclic prefix. Nevertheless, this scheme can also be applied to cases without cyclic
prefixes. The following considers a RACH burst consisting only of the preamble and no
message block. However, the following is also applicable to a RACH burst consisting of a

preamble and a message block.
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Figure 11(a) shows the transmitted signal without a cyclic prefix. The signal received in
this case is shown in Figure 11(b). Mathematically this signal is the linear convolution
between the channel and the transmitted sequence. Preceding the transmit signal by a
cyclic prefix of sufficient length would convert the received signal — within the indicated
receiver window — into a cyclic convolution. The cyclic prefix and its corresponding
received signal are shown in Figure 11(c) and Figure 11(d), respectively. Figure 11(e)

shows the signal received when there is a cyclic prefix before the transmit signal.

Since the cyclic prefix is a copy of the last part of the transmitted signal depicted in Figure
11(a), the received signal due to the cyclic prefix (from time index 0 on in Figure 11(d)) is
equal to the received signal shown in Figure 11(b) (from time index N on). Thus, the
same effect a cyclic prefix would have can now be achieved by the overlap-and-add
operation depicted in Figure 11(f). In other words, the received signal from time index N
onwards in Figure 11(b) (which is the same as that contributed by the cyclic prefix from
time index 0 onwards in Figure 11(d)), is copied and added to the start of the received
signal. The signal obtained after this overlap-and-add operation is identical to the signal
received due to a transmit signal with cyclic prefix, as depicted in Figure 11(e). Due to
this equivalency, all signal processing steps described for the cyclic prefix embodiment

and frequency domain processing are now also valid here.

It is noted that application of a DFT of sufficient length, i.e. the transformation length must
be equal or greater than the preamble length N plus the length of the delay spread of the
channel, to the signal depicted in Figure 11(b) and subsequent down-sampling in the
frequency-domain to obtain a frequency representation of length N is equivalent to a DFT
transformation of length N applied to the signal shown in Figure 11(f). For example,
application of a DFT with length 2N to the signal depicted in Figure 11(b) and subsequent
down-sampling by a factor of 2 yields the same result as applying a length N DFT to the
signal in Figure 11(f).

The illustrations in Figure 11 do not show how the receiver window must be placed in the
case of channels having a delay. Since the receiver (i.e. Node B) does not know about
the particular propagation delay (roundtrip time) from a UE, the N sample long frame
cannot depend on this delay. Figure 12 shows this N sample long receiver frame as well

as the overlap-and-add operation for such a channe! described above. Note that this
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illustration does not include a message block, however, this scheme can be extended to
an arrangement with a message block.

Here, the preamble is preceded by a small guard period Tps protecting the preamble from
inter-block interference created by previously transmitted signals. This guard period must
match the expected delay spread of the channel and is of the order of several micro
seconds. After the preamble the zero padding of length T is inserted. This guard period
must match the maximal expected round trip time plus maximum delay spread and is in
the order of 100 ps for a cell with 15 km radius.

The N sample long receiver window starts after the small guard period Tps. The overlap-
and-add operation superposes the indicated signal portion to the signal at the beginning
of the N sample long frame.

Thus, in Figure 12(b), the UE is quite close to the Node B as the signal arrives almost
immediately.  Therefore, the indicated portion outside the N sample window is

overlapped-and-added to the start of the received signal.

Figure 12(c) represents the received signal when the UE is the maximum permitted
distance from Node B (i.e. the end of the signal is received at the end of the guard period
Tzp). In this case, a larger portion of the signal is overlapped-and-added to the start of the

received signal.

There is therefore provided a random access burst construction for a LTE communication

system that overcomes disadvantages of prior art systems.

While the invention has been illustrated and described in detail in the drawings and
foregoing description, such illustration and description are to be considered illustrative
or exemplary and not restrictive; the invention is not limited to the disclosed

embodiments.

Other variations to the disclosed embodiments can be understood and effected by those
skilled in the art in practicing the claimed invention, from a study of the drawings, the
disclosure, and the appended claims. In the claims, the word "comprising" does not
exclude other elements or steps, and the indefinite article "a" or "an" does not exclude a

plurality. A single processor or other unit may fulfil the functions of several items recited in
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the claims. The mere fact that certain measures are recited in mutually different
dependent claims does not indicate that a combination of these measures cannot be used
to advantage. A computer program may be stored/distributed on a suitable medium, such
as an optical storage medium or a solid-state medium supplied together with or as part of
other hardware, but may aiso be distributed in other forms, such as via the Internet or
other wired or wireless telecommunication systems. Any reference signs in the claims

should not be construed as limiting the scope.
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CLAIMS

1. A method of operating a communication system, the communication system
comprising a user equipment and a receiver, the method in the system comprising:
generating a random access transmission in a user equipment and transmitting the
random access transmission to the receiver in the communication system, the random
access transmission including a preamble;
receiving the random access transmission from the user equipment at the receiver;
processing the random access transmission in the frequency domain to detect the

preamble.

2. A method as claimed in claim 1, wherein the step of generating the random access

transmission comprises generating the preamble with a first cyclic prefix.

3. A method as claimed in claim 2, wherein the first cyclic prefix has a length that is at
least equal to the maximum round trip delay for signals between the user equipment and

the receiver.

4. A method as claimed in claim 2, wherein the first cyclic prefix has a length that is at
least equal to the maximum round trip delay for signals between the user equipment and
the receiver plus the maximum delay spread of the channel between the user equipment

and the receiver.

5. A method as claimed in claim 2, 3 or 4, wherein the step of generating comprises
generating a random access transmission in which the trail of the preamble comprises a

known training sequence.

6. A method as claimed in claim 5, wherein the step of generating comprises generating
a random access transmission in which at least a portion of the first cyclic prefix

comprises a repeat of the known training sequence.

7. A method as claimed in claim 2, 3, 4, 5 or 6, wherein the step of generating comprises

generating a random access transmission which further comprises a message block.

8. A method as claimed in claim 7, wherein the step of generating comprises generating

a random access transmission in which the message block has a second cyclic prefix.
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9. A method as claimed in claim 8, wherein the second cyclic prefix is shorter than the
first cyclic prefix.

10. A method as claimed in claim 9, wherein the second cyclic prefix has a length that is

at least equal to the maximum delay spread of the channel between the user equipment
and the receiver.

11. A method as claimed in claim 8, 9 or 10, wherein the step of generating comprises
generating a random access transmission in which the message block ends with a known

training sequence.

12. A method as claimed in claim 11, wherein the length of the second cyclic prefix is
such that the second cyclic prefix preceding the message block corresponds to the known
training sequence.

13. A method as claimed in any of claims 8, 9, 10, 11 or 12, when dependent on claims 2,
3 or 4, wherein the second cyclic prefix before the message block is considered to be a

part of the preamble, and thus forms a portion of the first cyclic prefix.

14. A method as claimed in claim 1, wherein the step of generating comprises generating
a random access transmission in which the preamble is preceded by a first plurality of

zero-valued symbols.

15. A method as claimed in claim 14, wherein the step of generating comprises
generating a random access transmission in which the preamble is followed by a second

plurality of zero-valued symbols.

16. A method as claimed in claim 14 or 15, wherein the step of generating comprises

generating a random access transmission which further comprises a message block.

17. A method as claimed in claim 16, wherein the step of generating comprises
generating a random access transmission in which the message block precedes the

preamble.
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18. A method as claimed in claim 17, wherein the step of generating comprises
generating a random access transmission in which the message block is preceded by a
third plurality of zero-valued symbols.

19. A method as claimed in claim 17, wherein the step of generating comprises

generating a random access transmission in which the message block has a second
cyclic prefix.

20. A method as claimed in claim 16, wherein the step of generating comprises
generating a random access transmission in which the message block follows the
preamble,

21. A method as claimed in claim 20, wherein the step of generating comprises
generating a random access transmission in which the message block is followed by a

third plurality of zero-valued symbols.

22. A method as claimed in any of claims 14 to 21, wherein the preamble has a length of
N samples, and the step of processing comprises:

identifying an N-sample long portion of the received random access transmission to
process, the N-sample long window covering at least a part of the preamble;

adding any part of the preamble falling outside the N-sample long portion to the start

of the N-sample long portion.

23. A method as claimed in any of claims 2 to 22, wherein the step of processing the
random access transmission comprises:
applying a Fourier transform to a portion of the received random access

transmission.

24. A method as claimed in claim 23 when dependent on any of claims 2 to 13, wherein
the step of applying a Fourier transform further comprises applying a respective Fourier

transform to each of a plurality of portions of the received random access transmission.

25. A method as claimed in claim 24, wherein the plurality of portions of the received

random access transmission partially overtap.
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26. A method as claimed in claim 25, wherein the plurality of portions are offset from
each other by an amount that corresponds to the difference between the length of the first
cyclic prefix and the maximum delay spread of the radio channel over which the random

access transmission was transmitted.

27. A method as claimed in claim 23, 24, 25 or 26, wherein the portion or portions have a
length that is equal to the length of the preambile.

28. A method as claimed in any of claims 23 to 27, wherein the step of generating
comprises selecting, by the user equipment, the preamble from a set of possible
preambles, and the step of processing further comprises:

calculating a conjugate complex Fourier transform of each of the preambles in the
set; and

multiplying each of the calculated Fourier transformed preambles by the result of

the applying step.

29. A method as claimed in claim 28, wherein the step of processing further comprises:

calculating an inverse Fourier transform of each result from the multiplying step.

30. A method as claimed in claim 29, wherein the step of processing further comprises:
comparing the results of the calculating an inverse Fourier transform step with a
threshold to determine which of the preambles was used in the random access

transmission.

31. A method as claimed in any of claims 23 to 30, wherein the step of processing the
random access transmission further comprises:
extracting the frequency band used to transmit the random access transmission

from the Fourier transformed portion of the received random access transmission.

32. A method as claimed in any preceding claim, further comprising the step of
determining a time difference between the user equipment and the receiver from the
detected preamble.

33. A method as claimed in claim 32, wherein the time difference between the user
equipment and the receiver comprises a delay introduced by the propagation of the signal

from the user equipment to the receiver.
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34. A method as claimed in any preceding claim, further comprising the step of
determining a received power level at the receiver from the detected preamble.

35. A communication system comprising:

a user equipment adapted to generate a random access transmission including a
preamble, and to transmit the random access transmission to a receiver in the
communication system; and

a receiver adapted to receive the random access transmission from the user

equipment and to process the random access transmission in the frequency domain to
detect the preamble.

36. A system as claimed in claim 35, wherein the user equipment is adapted to generate

a random access transmission in which the preamble has a first cyclic prefix.

37. A system as claimed in claim 36, wherein the first cyclic prefix has a length that is at
least equal to the maximum round trip delay for signals between the user equipment and

the receiver.

38. A system as claimed in claim 36, wherein the first cyclic prefix has a length that is at
least equal to the maximum round trip delay for signals between the user equipment and
the receiver plus the maximum delay spread of the channel between the user equipment

and the receiver.

39. A system as claimed in claim 36, 37 or 38, wherein the user equipment is adapted to
generate a random access transmission in which the trail of the preamble comprises a

known training sequence.

40. A system as claimed in claim 39, wherein the user equipment is adapted to generate
a random access transmission in which at least a portion of the first cyclic prefix

comprises a repeat of the known training sequence.

41. A system as claimed in any of claims 36 to 40, wherein the user equipment is
adapted to generate a random access transmission which further comprises a message
block.
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42. A system as claimed in claim 41, wherein the user equipment is adapted to generate

a random access transmission in which the message block has a second cyclic prefix.

43. A system as claimed in claim 42, wherein the second cyclic prefix is shorter than the
first cyclic prefix.

44. A system as claimed in claim 43, wherein the second cyclic prefix has a length that is

at least equal to the maximum delay spread of the channel between the user equipment
and the receiver.

45. A system as claimed in claim 42, 43 or 44, wherein the user equipment is adapted to
generate a random access transmission in which the message block ends with a known

training sequence.

46. A system as claimed in claim 45, wherein the length of the second cyclic prefix is
such that the second cyclic prefix preceding the message block corresponds to the known

training sequence.

47. A system as claimed in any of claims 42, 43, 44, 45 or 46, when dependent on claims
36, 37 or 38, wherein the second cyclic prefix before the message block is considered to

be a part of the preamble, and thus forms a portion of the first cyclic prefix.

48. A system as claimed in claim 35, wherein the user equipment is adapted to generate
a random access transmission in which the preamble is preceded by a first plurality of

zero-valued symbols.

49. A system as claimed in claim 48, wherein the user equipment is adapted to generate
a random access transmission in which the preamble is followed by a second plurality of

zero-valued symbols.

50. A system as claimed in claim 48 or 49, wherein the user equipment is adapted to

generate a random access transmission which further comprises a message block.

51. A system as claimed in claim 50, wherein the user equipment is adapted to generate

a random access transmission in which the message block precedes the preamble.
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52. A system as claimed in claim 51, wherein the user equipment is adapted to generate
a random access transmission in which the message block is preceded by a third plurality

of zero-valued symbols.

53. A system as claimed in claim 51, wherein the user equipment is adapted to generate

a random access transmission in which the message block has a second cyclic prefix.

54. A system as claimed in claim 50, wherein the user equipment is adapted to generate

a random access transmission in which the message block follows the preamble.

55. A system as claimed in claim 54, wherein the user equipment is adapted to generate
a random access transmission in which the message block is followed by a third plurality

of zero-valued symbols.

56. A system as claimed in any of claims 48 to 55, wherein the preamble has a length of
N samples, and the receiver is adapted to process the random access transmission by
identifying an N-sample long portion of the received random access transmission to
process, the N-sample long window covering at least a part of the preamble; and adding
any part of the preamble falling outside the N-sample long portion to the start of the N-

sample long portion.

57. A system as claimed in any of claims 36 to 56, wherein the receiver is adapted to
process the random access transmission by applying a Fourier transform to a portion of

the received random access transmission.

58. A system as claimed in claim 57 when dependent on any of claims 36 to 47, wherein
the receiver is adapted to process the random access transmission by applying a
respective Fourier transform to each of a plurality of portions of the received random

access transmission.

59. A system as claimed in claim 58, wherein the plurality of portions of the received

random access transmission partially overlap.

60. A system as claimed in claim 59, wherein the plurality of portions are offset from each

other by an amount that corresponds to the difference between the length of the first
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cyclic prefix and the maximum delay spread of the radio channel over which the random
access transmission was transmitted.

61. A system as claimed in claim 57, 58, 59 or 60, wherein the portion or portions have a
length that is equal to the length of the preamble.

62. A system as claimed in any of claims 57 to 61, wherein the user equipment is
adapted to generate the random access transmission by selecting the preamble from a
set of possible preambles, and the receiver is adapted to process the random access
transmission by calculating a conjugate complex Fourier transform of each of the
preambles in the set; and multiplying each of the calcutated Fourier transformed

preambles by the Fourier transformed portion or portions.

63. A system as claimed in claim 62, wherein the receiver is adapted to process the
random access transmission by calculating an inverse Fourier transform of each

multiplication.

64. A system as claimed in claim 63, wherein the receiver is adapted to process the
random access transmission by comparing the results of the calculating an inverse
Fourier transform step with a threshold to determine which of the preambles was used in

the random access transmission.

65. A system as claimed in any of claims 57 to 64, wherein the receiver is adapted to
process the random access transmission by extracting the frequency band used to
transmit the random access transmission from the Fourier transformed portion of the

received random access transmission.

66. A system as claimed in any of claims 35 to 65, the receiver being further adapted to
determine a time difference between the user equipment and the receiver from the

detected preamble.

67. A system as claimed in claim 66, wherein the time difference between the user
equipment and the receiver comprises a delay introduced by the propagation of the signal

from the user equipment to the receiver.
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68. A system as claimed in any of claims 35 to 67, the receiver being further adapted to

determine a received power level at the receiver from the detected preamble.

69. A method of operating a device in a communication system, the method comprising:

generating a random access transmission including a preamble, the random access
transmission being suitable for processing by a receiver in the communication system in
the frequency domain; and

transmitting the random access transmission to a receiver in the communication system.

70. A method as claimed in claim 69, wherein the step of generating the random access

transmission comprises generating the preamble with a first cyclic prefix.

71. A method as claimed in claim 70, wherein the first cyclic prefix has a length that is at
least equal to the maximum round trip delay for signals between the device and the

receiver.

72. A method as claimed in claim 70, wherein the first cyclic prefix has a length that is at
least equal to the maximum round trip delay for signals between the device and the
receiver plus the maximum delay spread of the channel between the device and the

receiver.

73. A method as claimed in claim 70, 71 or 72, wherein the step of generating comprises
generating a random access transmission in which the trail of the preamble comprises a

known training sequence.

74. A method as claimed in claim 73, wherein the step of generating comprises
generating a random access transmission in which at least a portion of the first cyclic

prefix comprises a repeat of the known training sequence.

75. A method as claimed in claim 70, 71, 72, 73 or 74, wherein the step of generating
comprises generating a random access transmission which further comprises a message
block.

76. A method as claimed in claim 75, wherein the step of generating comprises
generating a random access transmission in which the message block has a second

cyclic prefix.
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77. A method as claimed in claim 76, wherein the second cyclic prefix is shorter than the
first cyclic prefix.

78. A method as claimed in claim 77, wherein the second cyclic prefix has a length that is

at least equal to the maximum delay spread of the channel between the user equipment
and the receiver.

79. A method as claimed in claim 76, 77 or 78, wherein the step of generating comprises

generating a random access transmission in which the message block ends with a known

training sequence.

80. A method as claimed in claim 79, wherein the length of the second cyclic prefix is
such that the second cyclic prefix preceding the message block corresponds to the known

training sequence.

81. A method as claimed in any of claims 76 to 80, when dependent on claims 70, 71 or
72, wherein the second cyclic prefix before the message block is considered to be a part

of the preamble, and thus forms a portion of the first cyclic prefix.

82. A method as claimed in claim 69, wherein the step of generating comprises
generating a random access transmission in which the preamble is preceded by a first

plurality of zero-valued symbols.

83. A method as claimed in claim 82, wherein the step of generating comprises
generating a random access transmission in which the preamble is followed by a second

plurality of zero-valued symbols.

84. A method as claimed in claim 82 or 83, wherein the step of generating comprises

generating a random access transmission which further comprises a message block.

85. A method as claimed in claim 84, wherein the step of generating comprises
generating a random access transmission in which the message block precedes the

preamble.
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86. A method as claimed in claim 85, wherein the step of generating comprises
generating a random access transmission in which the message block is preceded by a
third plurality of zero-valued symbols.

87. A method as claimed in claim 85, wherein the step of generating comprises
generating a random access transmission in which the message block has a second

cyclic prefix.

88. A method as claimed in claim 84, wherein the step of generating comprises
generating a random access transmission in which the message block follows the

preamble.

89. A method as claimed in claim 88, wherein the step of generating comprises
generating a random access transmission in which the message block is followed by a

third plurality of zero-valued symbols.

90. A device for use in a communication system, the device comprising:

transmit means for generating and transmitting a random access transmission to a
receiver in order to access the communication system, the random access transmission
comprising a preamble, the random access transmission being suitable for processing by

the receiver in the frequency domain.

91. A device as claimed in claim 90, wherein the transmit means are adapted to generate

a random access transmission in which the preamble has a first cyclic prefix.

92. A device as claimed in claim 91, wherein the first cyclic prefix has a length that is at
least equal to the maximum round trip delay for signals between the device and the

receiver.

93. A device as claimed in claim 91, wherein the first cyclic prefix has a length that is at
least equal to the maximum round trip delay for signals between the device and the
receiver plus the maximum delay spread of the channel between the device and the

receiver.
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94. A device as claimed in claim 91, 92 or 93, wherein the transmit means are adapted to
generate a random access transmission in which the trail of the preamble comprises a
known training sequence.

95. A device as claimed in claim 94, wherein the transmit means are adapted to generate
a random access transmission in which at least a portion of the first cyclic prefix

comprises a repeat of the known training sequence.

96. A device as claimed in any of claims 91 to 95, wherein the transmit means are
adapted to generate a random access transmission which further comprises a message
block.

97. A device as claimed in claim 96, wherein the transmit means are adapted to generate

a random access transmission in which the message block has a second cyclic prefix.

98. A device as claimed in claim 97, wherein the second cyclic prefix is shorter than the

first cyclic prefix.

99. A device as claimed in claim 98, wherein the second cyclic prefix has a length that is
at least equal to the maximum delay spread of the channel between the device and the

receiver.

100. A device as claimed in claim 97, 98 or 99, wherein the transmit means are adapted
to generate a random access transmission in which the message block ends with a

known training sequence.

101. A device as claimed in claim 100, wherein the length of the second cyclic prefix is
such that the second cyclic prefix preceding the message block corresponds to the known

training sequence.

102. A device as claimed in any of claims 97 to 101 when dependent on claims 91, 92 or
93, wherein the second cyclic prefix before the message block is considered to be a part

of the preamble, and thus forms a portion of the first cyclic prefix.
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103. A device as claimed in claim 90, wherein the transmit means are adapted to
generate a random access transmission in which the preamble is preceded by a first
plurality of zero-valued symbols.

104. A device as claimed in claim 103, wherein the transmit means are adapted to
generate a random access transmission in which the preamble is followed by a second

plurality of zero-valued symbols.

105. A device as claimed in claim 103 or 104, wherein the transmit means are adapted to

generate a random access transmission which further comprises a message block.

106. A device as claimed in claim 105, wherein the transmit means are adapted to
generate a random access transmission in which the message block precedes the

preamble.

107. A device as claimed in claim 106, wherein the transmit means are adapted to
generate a random access transmission in which the message block is preceded by a

third plurality of zero-valued symbols.

108. A device as claimed in claim 106, wherein the transmit means are adapted to
generate a random access transmission in which the message block has a second cyclic

prefix.

109. A device as claimed in claim 105, wherein the transmit means are adapted to
generate a random access transmission in which the message block follows the

preamble.

110. A device as claimed in claim 109, wherein the transmit means are adapted to
generate a random access transmission in which the message block is followed by a third

plurality of zero-valued symboils.

111. A device as claimed in any of claims 90 to 110, wherein the device is a user

equipment.

112. A method of operating a receiver in a communication system, the method

comprising:
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receiving a random access transmission from a user equipment, the random access
transmission including a preamble, the random access transmission being formed to allow
processing in the frequency domain;

processing the random access transmission in the frequency domain to detect the

preamble.

113. A method as claimed in claim 112, wherein the step of receiving comprises receiving

a random access transmission in which the preamble has a first cyclic prefix.

114. A method as claimed in claim 112, wherein the step of receiving comprises receiving
a random access transmission in which the preamble is preceded by a first plurality of

zero-valued symbols.

115. A method as claimed in claim 114, wherein the step of receiving comprises receiving
a random access transmission in which the preamble is followed by a second plurality of

zero-valued symbols.

116. A method as claimed in either of claims 114 or 115, wherein the preamble has a
length of N samples, and the step of processing comprises identifying an N-sample long
portion of the received random access transmission to process, the N-sample long
window covering at least a part of the preamble; and adding any part of the preamble

falling outside the N-sample long portion to the start of the N-sample long portion.

117. A method as claimed in any of claims 113, 114, 115 or 116, wherein the step of
processing comprises applying a Fourier transform to a portion of the received random

access transmission.

118. A method as claimed in claim 117 when dependent on claim 113, wherein the step
of processing comprises applying a respective Fourier transform to each of a plurality of

portions of the received random access transmission.

119. A method as claimed in claim 118, wherein the plurality of portions of the received

random access transmission partially overlap.

120. A method as claimed in claim 119, wherein the plurality of portions are offset from

each other by an amount that corresponds to the difference between the length of the first
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cyclic prefix and the maximum delay spread of the radio channel over which the random

access transmission was transmitted.

121. A method as claimed in claim 117, 118, 119 or 120, wherein the portion or portions

have a length that is equal to the length of the preamble.

122. A method as claimed in any of claims 117 to 121, wherein the step of processing is
comprises calculating a conjugate complex Fourier transform of each of a plurality of
preambles in a set of possible preambles; and multiplying each of the calculated Fourier
transformed preambles by the result of the applying step.

123. A method as claimed in claim 122, wherein the step of processing comprises

calculating an inverse Fourier transform of each result from the multiplying step.

124. A method as claimed in claim 123, wherein the step of processing comprises
comparing the results of the calculating an inverse Fourier transform step with a threshold

to determine which of the preambles was used in the random access transmission.

125. A method as claimed in any of claims 117 to 124, wherein the step of processing
comprises extracting the frequency band used to transmit the random access
transmission from the Fourier transformed portion of the received random access

transmission.

126. A method as claimed in any of claims 112 to 125, the method further comprising the
step of determining a time difference between the user equipment and the receiver from

the detected preamble.
127. A method as claimed in claim 126, wherein the time difference between the user
equipment and the receiver comprises a delay introduced by the propagation of the signal

from the user equipment to the receiver.

128. A method as claimed in any of claims 112 to 127, the method further comprising the

step of determining a received power level at the receiver from the detected preamble.

129. Areceiver for use in a communication system, the receiver comprising:
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means for receiving a random access transmission from a user equipment, the
random access transmission including a preamble, the random access transmission being
formed to allow processing in the frequency domain;

means for processing the random access transmission in the frequency domain to

detect the preamble.

130. A receiver as claimed in claim 129, wherein the means for receiving are adapted to

receive a random access transmission in which the preamble has a first cyclic prefix.

131. A receiver as claimed in claim 129, wherein the means for receiving are adapted to
receive a random access transmission in which the preamble is preceded by a first

plurality of zero-valued symbols.

132. A receiver as claimed in claim 131, wherein the means for receiving is further
adapted to receive a random access transmission in which the preamble is followed by a

second plurality of zero-valued symbols.

133. A receiver as claimed in either of claims 131 or 132, wherein the preamble has a
length of N samples, and the means for processing is adapted to identify an N-sample
long portion of the received random access transmission to process, the N-sample long
window covering at least a part of the preamble; and add any part of the preamble falling

outside the N-sample long portion to the start of the N-sample long portion.

134. A receiver as claimed in any of claims 130, 131, 132 or 133, wherein the means for
processing is adapted to apply a Fourier transform to a portion of the received random

access transmission.

135. A receiver as claimed in claim 134 when dependent on claim 130, wherein the
means for processing is further adapted to apply a respective Fourier transform to each of

a plurality of portions of the received random access transmission.

136. A receiver as claimed in claim 135, wherein the plurality of portions of the received

random access transmission partially overlap.

137. A receiver as claimed in claim 136, wherein the plurality of portions are offset from

each other by an amount that corresponds to the difference between the length of the first
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cyclic prefix and the maximum delay spread of the radio channel over which the random

access transmission was transmitted.

138. A receiver as claimed in claim 134, 135, 136 or 137, wherein the portion or portions

have a length that is equal to the length of the preamble.

139. A receiver as claimed in any of claims 134 to 138, wherein the means for processing
is adapted to calculate a conjugate complex Fourier transform of each of a piurality of
preambles in a set of possible preambles; and to multiply each of the calculated Fourier

transformed preambles by the Fourier transformed portion or portions.

140. A receiver as claimed in claim 139, wherein the means for processing is adapted to

calculate an inverse Fourier transform of each multiplication.

141. A receiver as claimed in claim 140, wherein the means for processing is adapted to
compare the results of the calculating an inverse Fourier transform step with a threshold

to determine which of the preambles was used in the random access transmission.

142. A receiver as claimed in any of claims 134 to 141, wherein the means for processing
is adapted to extract the frequency band used to transmit the random access
transmission from the Fourier transformed portion of the received random access

transmission.

143. A receiver as claimed in any of claims 129 to 142, the receiver further comprising
means for determining a time difference between the user equipment and the receiver

from the detected preamble.

144. A receiver as claimed in claim 143, wherein the time difference between the user
equipment and the receiver comprises a delay introduced by the propagation of the signal

from the user equipment to the receiver.

145. A receiver as claimed in any of claims 129 to 144, the receiver further comprising

means for determining a received power level at the receiver from the detected preamble.
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146. A random access transmission data structure for use by a device in accessing a
communication system, the data structure comprising a preamble and being suitable for

processing by a receiver in the frequency domain.

147. A random access transmission data structure as claimed in claim 146, in which the

preamble has a first cyclic prefix.

148. A random access transmission data structure as claimed in claim 147, wherein the
first cyclic prefix has a length that is at least equal to the maximum round trip delay for

signals between the device and the receiver.

149. A random access transmission data structure as claimed in claim 148, wherein the
first cyclic prefix has a length that is at least equal to the maximum round trip delay for
signals between the device and the receiver plus the maximum delay spread of the

channel between the device and the receiver.

150. A random access transmission data structure as claimed in claim 147, 148 or 149,

wherein the trail of the preamble comprises a known training sequence.

151. A random access transmission data structure as claimed in claim 150, wherein at

least a portion of the first cyclic prefix comprises a repeat of the known training sequence.

152. A random access transmission data structure as claimed in claim 147, 148, 149,

150 or 151, further comprising a message block.

163. A random access transmission data structure as claimed in claim 152, wherein the

message block has a second cyclic prefix.

154. A random access transmission data structure as claimed in claim 153, wherein the

second cyclic prefix is shorter than the first cyclic prefix.

155. A random access transmission data structure as claimed in claim 154, wherein the
second cyclic prefix has a length that is at least equal to the maximum delay spread of the

channel between the user equipment and the receiver.
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156. A random access transmission data structure as claimed in claim 153, 154 or 155,

wherein the message block ends with a known training sequence.

157. A random access transmission data structure as claimed in claim 156, wherein the
length of the second cyclic prefix is such that the second cyclic prefix preceding the

message block corresponds to the known training sequence.

168. A random access transmission data structure as claimed in any of claims 153, 154,
155, 156 or 157 when dependent on claims 147, 148 or 149, wherein the second cyclic
prefix before the message block is considered to be a part of the preamble, and thus

forms a portion of the first cyclic prefix.

159. A random access transmission data structure as claimed in claim 146, wherein the

preamble is preceded by a first plurality of zero-valued symbols.

160. A random access transmission data structure as claimed in claim 159, wherein the

preamble is followed by a second plurality of zero-valued symbols.

161. A random access transmission data structure as claimed in claim 159 or 160, further

comprising a message block.

162. A random access transmission data structure as claimed in claim 161, wherein the

message block precedes the preamble.

163. A random access transmission data structure as claimed in claim 162, wherein the

message block is preceded by a third plurality of zero-valued symbols.

164. A random access transmission data structure as claimed in claim 162, wherein the

message block has a second cyclic prefix.

165. A random access transmission data structure as claimed in claim 161, wherein the

message block follows the preamble.

166. A random access transmission data structure as claimed in claim 165, wherein the

message block is followed by a third plurality of zero-valued symbols.
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