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(57) ABSTRACT 
A transmitter transmits payload data using Orthogonal Fre 
quency Division Multiplexed (OFDM) symbols. The first 
OFDM symbol is a first type having a number of sub-carriers 
which is less than or equal to the number of sub-carriers of the 
one or more second OFDM symbols of a second type and a 
guard interval for the first OFDM symbol is selected indepen 
dence upon the longest possible guard interval of the second 
OFDM symbol. Accordingly an OFDM communications sys 
tem can be formed in which data is transmitted using a frame 
structure in which aguard interval is adapted to allow a mix of 
different types of OFDM symbols. 
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TRANSMITTER AND METHOD OF 
TRANSMITTING AND RECEIVER AND 

METHOD OF DETECTING OFDM SIGNALS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application claims priority to United 
Kingdom Application Number 1305799.7, filed 28 Mar. 
2013, and European Patent Office Application Number 
13170706.9 filed 5 Jun. 2013, the contents of which are 
incorporated herein by reference in their entirety. 

FIELD OF THE DISCLOSURE 

0002 The present disclosure relates to transmitters and 
methods of transmitting payload data using Orthogonal Fre 
quency Division Multiplexed (OFDM) symbols. 

BACKGROUND OF THE DISCLOSURE 

0003. There are many examples of radio communication 
Systems in which data is communicated using Orthogonal 
Frequency Division Multiplexing (OFDM). Systems which 
have been arranged to operate in accordance with Digital 
Video Broadcasting (DVB) standards for example, use 
OFDM. OFDM can be generally described as providing K 
narrow band sub-carriers (where K is an integer) which are 
modulated in parallel, each sub-carrier communicating a 
modulated data symbol such as Quadrature Amplitude Modu 
lated (QAM) symbol or Quadrature Phase-shift Keying 
(QPSK) symbol. The modulation of the sub-carriers is 
formed in the frequency domain and transformed into the 
time domain for transmission. Since the data symbols are 
communicated in parallel on the sub-carriers, the same modu 
lated symbols may be communicated on each sub-carrier for 
an extended period, which can be longer than the coherence 
time of the radio channel. The sub-carriers are modulated in 
parallel contemporaneously, so that in combination the 
modulated carriers forman OFDM symbol. The OFDM sym 
bol therefore comprises a plurality of sub-carriers each of 
which has been modulated contemporaneously with different 
modulation symbols. During transmission, a guard interval 
filled by a cyclic prefix of the OFDM symbol precedes each 
OFDM symbol. When present, the guard interval is dimen 
Sioned to absorb any echoes of the transmitted signal that may 
arise from multipath propagation or other transmitters trans 
mitting the same signal from a different geographic location. 
0004 As indicated above, the number of narrowband car 
riers K in an OFDM symbol can be varied depending on 
operational requirements of a communications system. The 
guard interval represents overhead and so may be minimized 
as a fraction of the OFDM symbol duration in order to 
increase spectral efficiency. For a given guard interval frac 
tion, the ability to cope with increased multipath propagation 
whilst maintaining a given spectral efficiency can be 
improved by increasing the number K of sub-carriers thereby 
increasing the duration of the OFDM symbol. However, there 
can also be a reduction in robustness in the sense that it may 
be more difficult for a receiver to recover data transmitted 
using a high number of sub-carriers compared to a smaller 
number of sub-carriers, because for a fixed transmission 
bandwidth, increasing the number of sub-carriers K also 
means reducing the bandwidth of each sub-carrier. A reduc 
tion in the separation between sub-carriers can make 
demodulation of the data from the sub-carriers more difficult 
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for example, in the presence of Doppler frequency shifts. That 
is to say that although a larger number of sub-carriers (high 
order operating mode) can provide a greater spectral effi 
ciency, for some propagation conditions, a target bit error rate 
of communicated data may require a higher signal to noise 
ratio to achieve than required for a lower number of sub 
carriers. 

SUMMARY OF DISCLOSURE 

I0005 According to an aspect of the present disclosure 
there is provided a transmitter transmits payload data using 
Orthogonal Frequency Division Multiplexed (OFDM) sym 
bols. The transmitter comprises a frame builder configured to 
receive the payload data to be transmitted and to receive 
signalling data for use in detecting and recovering the payload 
data at a receiver, and to form the payload data with the 
signalling data into frames for transmission. A modulator is 
configured to modulate a first OFDM symbol with the signal 
ling data forming a part of each of the frames and to modulate 
one or more second OFDM symbols with the payload data to 
form one or more of the frames, and a transmission unit for 
transmitting the first and second OFDM symbols. The first 
OFDM symbol is a first type having a number of sub-carriers 
which is less than or equal to the number of sub-carriers of the 
one or more second OFDM symbols of a second type and a 
guard interval for the first OFDM symbol is selected indepen 
dence upon the longest possible guard interval of the second 
OFDM symbol. Accordingly an OFDM communications sys 
tem can be formed in which data is transmitted using a frame 
structure in which a guard interval is adapted to allow a mix of 
different types of OFDM symbols. The mix of OFDM sym 
bols allows the signalling data to be carried by the OFDM 
symbol of the first type and the payload data to be carried by 
the OFDM symbol of the second type, and the number of 
sub-carriers of the OFDM symbols of first type carrying the 
signalling data is less than or equal to the number of sub 
carriers of the OFDM symbol of the second type. If the 
number of sub-carriers of the OFDM symbol of the first type 
is less than the number of OFDM symbols of the second type 
then there is an improved likelihood of the signalling data 
being detected and recovered before the payload data, so that 
a more robust communications system can be formed. 
0006. According to an arrangement in which embodi 
ments of the present disclosure find application there is a 
requirement to provide a “preamble” OFDM symbol in a 
transmission frame, which carries signalling parameters to 
indicate, for example, at least some of the communications 
parameters which were used to encode and to modulate pay 
load data onto the data bearing OFDM symbols whereby after 
detecting the signalling data within the first (preamble) 
OFDM symbol the receiver can recover the transmission 
parameters in order to detect the payload data from the data 
bearing OFDM symbols. 
10007. In the following description the first OFDM symbol 
may be a preamble OFDM symbol or form part of one in a 
transmission frame and so may be referred to as a preamble 
OFDM symbol and because this is arranged to carry signal 
ling data, it may be referred to as a signalling OFDM symbol. 
0008 According to one embodiment a number of sub 
carriers used for the OFDM symbols carrying signalling data 
may be different from the number of sub-carriers used for the 
OFDM symbols which are used to carry the payload data. For 
example in order to improve a likelihood of recovering the 
signalling data, making it more robust for detection in more 
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challenging radio environments the number of Sub-carriers 
may be smaller than for the OFDM symbols carrying payload 
data. For example, the payload data bearing OFDM symbols 
may be required to have a high spectral efficiency and there 
fore for example the number of sub-carriers may be 16 k 
(16384) or 32 k (32768) whereas in order to improve a like 
lihood that a receiver can recover the signalling data from the 
signalling OFDM symbols, the number of sub-carriers for the 
first signalling OFDM symbol may be a lower number, for 
example, a 4k (4096) or 8 k (8192). 
0009 Various further aspects and features of the disclo 
Sure are defined in the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

00.10 Embodiments of the present disclosure will now be 
described by way of example only with reference to the 
accompanying drawings wherein like parts are provided with 
corresponding reference numerals and in which: 
0011 FIG. 1 is a schematic diagram illustrating an 
arrangement of a broadcast transmission network; 
0012 FIG. 2 is a schematic block diagram illustrating an 
example transmission chain for transmitting broadcast data 
via the transmission network of FIG. 1; 
0013 FIG.3 is a schematic illustration of OFDM symbols 
in the time domain which include a guard interval; 
0014 FIG. 4 is a schematic block of a typical receiver for 
receiving data broadcast by the broadcast transmission net 
work of FIG. 1 using OFDM: 
0015 FIG. 5 is a schematic illustration of a transmission 
frame for transmitting broadcast data including payload data 
and signalling data; 
0016 FIG. 6 is a block diagram showing a transmitter for 
transmitting signalling data via a signalling or preamble 
OFDM symbol according to one embodiment; 
0017 FIG. 7 is a schematic block diagram of a signature 
sequence generator according to one embodiment; 
0018 FIG. 8 is a graphical plot of biterror rate with respect 
to signal to noise ratio in the presence of additive white 
Gaussian noise for coding rates of one half and one quarter, 
0019 FIG.9 is a graphical plot ofbiterror rate with respect 
to a signature sequence back-off power from the power of the 
modulated signalling data which provides an acceptable per 
formance according to the results of FIG. 8: 
0020 FIG. 10a is a schematic representation of OFDM 
symbols with a guard interval matched to an expected channel 
delay spread produced for a single frequency transmission 
network; FIG. 10b is a schematic representation of OFDM 
symbols with different numbers of sub-carriers per OFDM 
symbol with a guard interval selected as a fixed fraction of the 
related OFDM symbol duration; and FIG. 10c is a schematic 
representation of OFDM symbols with a different number of 
sub-carriers per payload data bearing OFDM symbol and a 
different number of sub-carriers for a signalling OFDM sym 
bol with guard interval selected to have a duration which is 
matched to both the payload and the signalling OFDM sym 
bols; 
0021 FIG.11a is a schematic block diagram of a receiver 
for detecting and recovering signalling data from a signalling 
OFDM symbol according to the present technique, FIG.11b 
is a schematic block diagram of a frequency synchronisation 
detector which forms part of FIG. 11a, FIG. 11c is a sche 
matic block diagram of a preamble guard interval correlator 
which forms part of FIG. 11b, FIG. 11d is an illustrative 
schematic block diagram of a further example of a coarse 
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frequency offset synchronisation detector which forms part 
of the receiver of FIG. 11a, and FIG. 11e is an illustrative 
schematic block diagram of a differential encoder which 
forms part of FIG. 11d. 
0022 FIG. 12 is a schematic block diagram of one 
example of a preamble detection and decoding processor 
which forms part of the receiver shown in FIG. 11a, which 
detects and removes the signature sequence in the frequency 
domain; 
0023 FIG. 13 is a schematic block diagram of one 
example of a preamble detection and decoding processor 
which forms part of the receiver shown in FIG. 11a, which 
detects and removes the signature sequence in the time 
domain; 
0024 FIG. 14 is a schematic block diagram of an example 
of a signature sequence remover which forms part of the 
preamble detection and decoding processor shown in FIG. 
13; 
0025 FIG. 15a is a schematic block diagram of a matched 

filter, which is matched to the signature sequence for which an 
example generator is shown in FIG. 7, and FIG. 15b is a 
schematic block diagram of a signature sequence remover 
forming part of the receiver shown in FIG. 14; 
0026 FIG. 16a is a graphical representation of a signal 
formed at the output of the matched filter; FIG. 16b is an 
expanded view of the graphical representation shown in FIG. 
16b illustrating components of a channel impulse response; 
0027 FIG. 17 is a schematic block diagram illustrating a 
circuit for detecting a coarse frequency offset in the receiver 
of FIG. 11a. 
0028 FIG. 18 is a graphical plot of the correlation output 
of the circuit shown in FIG. 17 for a frequency offset of 
-88/Tu: 
(0029 FIG. 19 provides a graphical plot of bit error rate 
with respect to signal to noise ratio for different code rates 
with and without a signature sequence added to the signalling 
OFDM symbol for rate one half and rate one quarter codes: 
0030 FIGS. 20a and 20b provide graphical plots of bit 
error rate against signal to noise ratio for a 0 dB echo channel 
with two paths as illustrated in FIG. 20c respectively with 
ideal and actual channel estimation. 

DESCRIPTION OF EXAMPLE EMBODIMENTS 

0031 Embodiments of the present disclosure can be 
arranged to form a transmission network for transmitting 
signals representing data including video data and audio data 
so that the transmission network can, for example, form a 
broadcast network for transmitting television signals to tele 
vision receiving devices. In some examples the devices for 
receiving the audio/video of the television signals may be 
mobile devices in which the television signals are received 
while on the move. In other examples the audio/video data 
may be received by conventional television receivers which 
may be stationary and may be connected to a fixed antenna or 
antennas. 

0032 Television receivers may or may not include an inte 
grated display for television images and may be recorder 
devices including multiple tuners and demodulators. The 
antenna(s) may be inbuilt to television receiver devices. The 
connected or inbuilt antenna(s) may be used to facilitate 
reception of different signals as well as television signals. 
Embodiments of the present disclosure are therefore config 
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ured to facilitate the reception of audio/video data represent 
ing television programs to different types of devices in dif 
ferent environments. 
0033. As will be appreciated, receiving television signals 
with a mobile device while on the move may be more difficult 
because radio reception conditions will be considerably dif 
ferent to those of a conventional television receiver whose 
input comes from a fixed antenna. 
0034. An example illustration of a television broadcast 
system is shown in FIG.1. In FIG. 1 broadcast television base 
stations 1 are shown to be connected to a broadcast transmit 
ter2. The broadcast transmitter 2 transmits signals from base 
stations 1 within a coverage area provided by the broadcast 
network. The television broadcast network shown in FIG. 1 
operates as a so called single frequency network in which 
each of the television broadcast base stations 1 transmit the 
radio signals conveying audio/video data contemporaneously 
so that these can be received by television receivers 4 as well 
as mobile devices 6 within a coverage area provided by the 
broadcast network. For the example shown in FIG. 1 the 
signals transmitted by the broadcast base stations 1 are trans 
mitted using Orthogonal Frequency Division Multiplexing 
(OFDM) which can provide an arrangement for transmitting 
the same signals from each of the broadcast stations 2 which 
can be combined by a television receiver even if these signals 
are transmitted from different base stations 1. Provided a 
spacing of the broadcast base stations 1 is such that the propa 
gation time between the signals transmitted by different 
broadcast base stations 1 is less than or does not substantially 
exceed a guard interval that precedes the transmission of each 
of the OFDM symbols then a receiver device 4, 6 can receive 
the OFDM symbols and recover data from the OFDM sym 
bols in away which combines the signals transmitted from the 
different broadcast base stations 1. Examples of standards for 
broadcast networks that employ OFDM in this way include 
DVB-T, DVB-T2 and ISDB-T. 
0035 An example block diagram of a transmitterforming 
part of the television broadcast base stations 1 for transmitting 
data from audio/video sources is shown in FIG. 2. In FIG. 2 
audio/video sources 20 generate the audio/video data repre 
senting television programmes. The audio/video data is 
encoded using forward error correction encoding by an 
encoding/interleaver block 22 which generates forward error 
correction encoded data which is then fed to a modulation unit 
24 which maps the encoded data onto modulation symbols 
which are used to modulate OFDM symbols. Depicted on a 
separate lower arm, signalling data providing physical layer 
signalling for indicating for example the format of coding and 
modulation of the audio/video data is generated by a physical 
layer signalling unit 30 and after being encoded by an encod 
ing unit 32 the physical layer signalling data is then modu 
lated by a modulation unit 24 as with the audio/video data. 
0036. A frame builder 26 is arranged to form the data to be 
transmitted with the physical layer data into a frame for 
transmission. The frame includes a time divided section hav 
ing a preamble in which the physical layer signalling is trans 
mitted and one or more data transmission sections which 
transmit the audio/video data generated by the audio/video 
sources 20. A symbol interleaver 34 may interleave the data 
which is formed into symbols for transmission before being 
modulated by an OFDM symbol builder 36 and an OFDM 
modulator 38. The OFDM symbol builder 36 receives pilot 
signals which are generated by a pilot and embedded data 
generator 40 and fed to the OFDM symbol builder 36 for 
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transmission. An output of the OFDM modulator 38 is passed 
to a guard insertion unit 42 which inserts a guard interval and 
the resulting signal is fed to a digital to analogue convertor 44 
and then to an RF frontend 46 before being transmitted by an 
antenna 48. 

0037. As with a conventional arrangement OFDM is 
arranged to generate symbols in the frequency domain in 
which data symbols to be transmitted are mapped onto Sub 
carriers which are then converted into the time domain using 
an inverse Fourier Transform. Thus the data to be transmitted 
is formed in the frequency domain and transmitted in the time 
domain. As shown in FIG. 3 each time domain symbol is 
generated with a useful part of duration Tu and a guard inter 
val of duration Tg. The guard interval is generated by copying 
a part of the useful part of the symbol in the time domain. By 
correlating the useful part of the burst with the guard interval, 
a receiver can be arranged to detect the useful part of the 
OFDM symbol Tu, from which data can then be recovered 
from an OFDM symbol by triggering a Fast Fourier Trans 
form to convert the time domain symbol samples into the 
frequency domain. Such a receiver is shown in FIG. 4. 
0038. In FIG. 4a receiver antenna 50 is arranged to detect 
an RF signal which is passed via a tuner 52 and converted into 
a digital signal using an analogue to digital converter 54 
before the guard interval is removed by a guard interval 
removal unit 56. After detecting the optimum position for 
performing a fast Fourier Transform (FFT) to convert the time 
domain samples into the frequency domain, an FFT unit 58 
transforms the time domain samples to form the frequency 
domain samples which are fed to a channel estimation and 
correction unit 60. The channel estimation and correction unit 
60 then estimates the transmission channel for example by 
using pilot sub-carriers which have been embedded into the 
OFDM symbols. After excluding the pilot sub-carriers, all the 
data-bearing sub-carriers are fed to a symbol de-interleaver 
64 which de-interleaves the sub-carrier symbols. A de-map 
per unit 62 then extracts the data bits from the sub-carriers of 
the OFDM symbol. The data bits are fed to a bit de-interleaver 
66, which performs the de-interleaving so that the error cor 
rection decoder can correct errors in accordance with a con 
ventional operation. 
0039 Framing Structure 
0040 FIG. 5 shows a schematic of the framing structure 
according to an example embodiment of the present tech 
nique. FIG. 5 illustrates different physical layer frames, some 
targeted for mobile reception whilst others are targeted for 
fixed roof-top antenna reception. The system can be 
expanded in future to incorporate new types of frames, for the 
current system, these potential new types of frames are sim 
ply known as future extension frames (FEFs). 
0041. One requirement for fixed reception frames is an 
improved spectral efficiency which may be assured by such 
features as adopting a higher order modulation, for example 
256QAM, and higher code rates, for example greater than 
halfrate, because of relatively benign channel conditions, and 
a high number of sub-carriers per OFDM symbol (FFT size) 
Such as 32K. This reduces the capacity loss due to the guard 
interval fraction. However, a higher number of sub-carriers 
can make such OFDM symbols unsuitable for mobile recep 
tion because of lower tolerance to high Doppler frequency of 
the received signal. On the other hand, the main requirement 
for mobile reception frames could be robustness in order to 
ensure a high rate of service availability. This can be 
improved by adopting Such features as a low order modula 
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tion for example QPSK or BPSK, low code rates, a low 
number of sub-carriers per OFDM symbol (FFT size) and a 
high density scattered pilot pattern etc. A low number of 
sub-carriers for OFDM symbols can be advantageous for 
mobile reception because a lower number of sub-carriers can 
provide a wider Sub-carrier spacing and so more resilience to 
high Doppler frequency. Furthermore a high density pilot 
pattern eases channel estimation in the presence of Doppler. 
0042. The framing structure shown in FIG. 5 is therefore 
characterised by frames which may each include payload data 
modulated and encoded using different parameters. This may 
include for example using different OFDM symbol types 
having different number of sub-carriers per symbol, which 
may be modulated using different modulation schemes, 
because different frames may be provided for different types 
of receiver. However each frame may include at least one 
OFDM symbol carrying signalling data, which may have 
been modulated differently to the one or more OFDM sym 
bols carrying the payload data. Furthermore the signalling 
OFDM symbol may be a different type to the OFDM symbol 
(s) carrying the payload data. The signalling data is required 
to be recovered so that the payload data may be de-modulated 
and decoded. 

What Characteristics for the Preamble'? 

0043. To delimit frame boundaries, a frame preamble 
symbol such as the P1 symbol in DVB-T2 is required. The 
preamble symbol would carry signalling that describes how 
the following frame is built. It is expected that all of the types 
of receiver mentioned above whether mobile or with a fixed 
antenna should be able to detect and decode the preamble in 
order to determine whether or not they should decode the 
payload in the following frame. Desirable characteristics for 
Such a preamble include: 

0044) 1. High Capacity of Signalling: The preamble 
should have a high signalling capacity—unlike the P1 
preamble in DVB-T2 with capacity of 7 signalling bits, 
a preamble more like in DVB-C2 with 100s of signalling 
bits is desirable. This suggests that the preamble symbol 
should be an OFDM symbol with enough sub-carriers to 
carry all the signalling information. 

0045 2. Common Macro-structure: All frame pre 
ambles should have a common pre-defined macro-struc 
ture that is understood by all receiver types. This means 
that the preamble symbol should have for example a 
constant duration, constant number of Sub-carriers and 
guard interval for all frame types. This forces a con 
straint that the guard interval must be similar in duration 
to the longest guard interval that may be used in fixed 
antenna reception, otherwise when the network uses this 
longest guard interval, the preamble symbol will suffer 
from excessive inter-symbol interference (ISI) and per 
haps Suffer decoding failure. 

0046 3. Low complexity detection and decoding: The 
preamble symbol detection and decoding complexity 
should be low enough to easily implement in battery 
powered mobile receivers so as to make efficient use of 
limited stored power. This constrains the maximum FFT 
size and maximum FEC block length. 

0047. 4. The preamble should be easily detected in the 
time domain; in DVB-C2, all OFDM symbols within the 
frame structure use 4K Subcarrier spacing. This means 
that the receiver can start with OFDM symbol time syn 
chronisation followed by frequency domain frame Syn 
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chronisation (preamble detection). In an embodiment of 
the present disclosure frames can be arranged such that 
OFDM symbols in different physical layer frames may 
have difference Subcarrier spacing. Frequency domain 
frame synchronisation (preamble detection) is thus not 
readily possible. The preamble symbol must therefore 
be detected in the time domain. It is only after the pre 
amble is decoded and its signalling payload interpreted 
that frequency domain processing of the frame can pro 
ceed because only then would the receiver have knowl 
edge of the OFDM parameters (number of sub-carriers, 
guard interval) etc of the data payload bearing OFDM 
symbols in the body of the frame. 

0.048 5. Robustness: The preamble should be detect 
able and decodable by all receiver types under all chan 
nel conditions where Such receivers are expected to 
work. This means that the preamble should be robust to 
both high levels of noise, low signal to noise ratios and 
high levels of Doppler shift as experienced during recep 
tion on the move. Robustness to high levels of noise 
constrains the maximum transmission parameters for 
coding and modulation (MODCOD) that can be used for 
carrying the signalling payload of the preamble whilst 
robustness to Doppler constrains the minimum sub-car 
rier spacing of the preamble OFDM symbol. The pre 
amble OFDM symbol must use a sub-carrier spacing 
that is large enough to be reasonably resilient to a high 
Doppler spread. Furthermore, the preamble OFDM 
symbol should also allow decoding in the presence of 
frequency shift, common phase error, maximum 
expected multipath delay spreads etc. 

0049. As explained above the preamble OFDM symbol 
conveys signalling data whilst the OFDM symbols within the 
body of the transmission frame convey payload data as shown 
in FIG. 5. Each transmission frame shown in FIG. 5 has 
particular characteristics. A data bearing frame 100 carries a 
frame of data, which may use a higher operating mode pro 
viding a higher number of sub-carriers per OFDM symbol, 
for example, approximately 32 thousand Sub-carriers (32k 
mode) thereby providing a relatively high spectral efficiency, 
but requiring a relatively high signal to noise ratio to achieve 
an acceptable data integrity in the form of the bit error rate. 
The higher order operating mode would therefore be most 
Suitable to communicate to stationary television receivers 
which have sensitive detection capabilities including well 
positioned fixed antenna for recovering audio/video data 
from the 32k OFDM symbols. In contrast, the frame structure 
also includes a second frame 102 which is generated to be 
received by mobile television receivers in a more hostile radio 
communications environment. The frame 102 may therefore 
be arranged to form payload bearing OFDM symbols with a 
lower order modulation scheme such as BPSK or QPSK and 
a small or lower number of sub-carriers per OFDM symbol 
(FFT size) such as 4K or 8K to improve the likelihood that a 
mobile receiver may be able to receive and recover the audio/ 
video data in a relatively hostile environment. In both the first 
frame 100 and the second frame 102 a preamble symbol 
104,106 is provided which provides signalling parameters for 
detecting the audio/video data transmitted in the payload part 
of the transmission frame 100, 102. Similarly, a preamble 
symbol 108,110 is provided for a future extension frame 112. 
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Design of New Preamble Symbol 
0050. Some example embodiments can provide an 
arrangement for forming a preamble symbol for use for 
example with the transmission frames shown in FIG. 5 in 
which there is an improved likelihood of detecting the pre 
amble symbol particularly in harsh radio environments. Fur 
thermore, the framing structure shown in FIG. 5 can be 
devised such that the number of sub-carriers of the payload 
bearing OFDM symbols is different from frame to frame and 
furthermore, these sub-carriers may use different modulation 
schemes. Thus the OFDM symbols which carry the payload 
data may be of a different type to the OFDM symbols carrying 
the signalling data. An example block diagram of a part of the 
transmitter shown in FIG. 2 for transmitting the signalling 
data is shown in FIG. 6. 
0051. In FIG. 6 the signalling data is first fed to a scram 
bling unit 200 which scrambles the signalling data which is 
then fed to a forward error correction (FEC) and modulator 
unit 202 which encodes the signalling data with a forward 
error correcting code and then interleaves it before mapping 
the encoded data onto a low order modulation constellation 
such as BPSK, DBPSK, JL/4-BPSK and QPSK. A pilot inser 
tion unit 204 then inserts pilots between modulation symbols 
to form one of the OFDM symbols of the preamble 104,106, 
108, 110. The OFDM symbol forming the preamble is then 
scaled by a scaling unit 206 in accordance with a predeter 
mined factor (1-G). The scaling unit 206 adapts the transmis 
sion power of the preamble with respect to a signature 
sequence which is combined with the OFDM symbol of the 
preamble before transmission so that the total transmission 
power of the preamble remains the same as it would have been 
without the signature sequence. 
0052 According to the present the technique a signature 
sequence generator 208 is configured to generate a signature 
sequence which is fed to a second Scaling unit 210 which 
scales the signature sequence by a predetermined factor G 
before the scaled signature sequence is combined with the 
OFDM symbol of the preamble by a combining units 212. 
Thus the signature sequence W(k) is combined with the 
OFDM symbol in the frequency domain so that each of the 
coefficients of the signature sequence is added to one of the 
subcarrier signals of the OFDM symbol. The combined pre 
amble OFDM symbol and signature sequence are then trans 
formed from the frequency domain to the time domain by an 
inverse Fourier transform processor (IFFT) 214 before a 
guard interval insertion unit inserts a time domain guard 
interval. At an output of the guard insertion unit 216 the 
preamble symbol is formed on output channel 218. 
0053 As can be seen for the example shown in FIG. 6 the 
signature sequence is combined with the OFDM symbol car 
rying signalling data in the frequency domain so that a spec 
trum of the preamble symbol after combining remains within 
a spectral mask for the transmission channel. As will be 
appreciated for some examples the signature sequence may 
be combined with the OFDM symbol in the time domain. 
However other bandwidth limiting processes must then be 
introduced after the combination of the signature sequence 
with the preamble OFDM symbol in the time domain which 
may affect the correlation properties of the signature 
sequence at the receiver. 
0054. In the example illustration in FIG. 6, the scrambling 
of the signalling data by the scrambling unit 200 ensures that 
the peak-to-average power ratio (PAPR) of the preamble sym 
bol will not be excessive due to many similarly modulated 
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OFDM sub-carriers. The scrambled signalling bits are then 
forward error correction encoded by the FEC and BPSK unit 
202 with a code such as 4K LDPC code at a low code rate (/4 
or '/s) prior to mapping a low order modulation constellation 
such as BPSK, DBPSK, JL/4-BPSK and QPSK within the unit 
202. The pilots inserted at this stage by the pilot insertion unit 
204 are not for channel estimation, but for frequency offset 
estimation as will be explained shortly. At this stage, a com 
plex preamble signature sequence also composed of the same 
number of complex samples as the useful Sub-carriers as the 
OFDM symbol is added to the samples of the signalling 
OFDM symbol by the combiner 212. When generated, each 
preamble signature sequence sample is a point on the unit 
circle but before addition to the preamble OFDM symbol, 
each sample is scaled by a predetermined factor G, by a scaler 
210 and the corresponding OFDM symbol sample is scaled 
by (1-G) by a scaler 206 so that the power of the composite 
preamble symbol should be the same as the power of the 
signalling OFDM symbol at point A in FIG. 6. 
0055. The IFFT 214 then forms the OFDM symbol in the 
time domain, which is then followed by the insertion of the 
guard interval by the guard insertion unit 216 which prepends 
the Ng samples of the preamble OFDM symbol at the start of 
the preamble OFDM symbol—also known as the cyclic pre 
fix of the preamble OFDM symbol. After guard interval inser 
tion, a preamble OFDM time domain symbol of duration 
Ts=Tu--Tg made up of NS=Nu+Ng complex samples where 
Tu is the useful symbol period with Nusamples and Tg is the 
guard interval duration with Ng samples is formed. 

the Signature Sequence Generator 
0056. As explained above, the preamble symbol generator 
of FIG. 6 generates a signature sequence which is combined 
with the signalling OFDM symbol (first OFDM symbol), 
which forms the preamble symbol of the frame, in order to 
allow a receiver to detect the preamble at lower signal to noise 
ratios compared to signal to noise ratios which are required to 
detect and recover data from OFDM symbols carrying the 
payload data. The signature sequence generated by the sig 
nature sequence generator 208 can be formed using two 
pseudo random sequence generators, one for the in-phase and 
other for the quadrature phase component. In one example the 
signature sequence is a constant amplitude Zero autocorrela 
tion (CAZAC) or Zadoff and Chu sequence. In other 
examples the signature sequence is formed from a pair of 
Gold code sequences chosen because of their good auto 
correlation properties, or other example signature sequence 
could be used such as from a pair of M-sequences. 
0057. One example of the signature sequence generator 
208 shown in FIG. 6 is shown in more detail in FIG. 7. FIG. 
7 is arranged to generate a complex signature sequence which 
is added to the complex samples of the signalling OFDM 
symbol by the combiner 212 shown in FIG. 6. 
0058. In FIG.7two linear feedback shift registers are used 
in each case to generate a pair of pseudo random bit sequences 
for the in-phase 300.1 and 300.2 and quadrature 302.1 and 
3.02.2 components. In each case, the pseudo-random bit 
sequence pair is combined using exclusive-OR circuits 310, 
312 to produce the Gold sequences for the in-phase (300.1 
and 300.2) and quadrature (302.1 and 3.02.2) part of the 
signature sequence, respectively. A binary to bipolar mapper 
unit 314, 316 then forms respectively a sample for the in 
phase 318 and quadrature (imaginary) 320 components of the 
signature sequence. Effectively, the arrangement shown in 
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FIG. 7 generates Gold codes formed by XORing two m-se 
quences. The m-sequences are generated by the linear feed 
back shift registers 300, 302. A table 1 below shows the 
generator polynomials for the linear feedback shift registers 
according to the example shown in FIG. 7: 

TABLE 1. 

Generator polynomials for complex signature Sequence. 

Sequence Name Generator polynomial 

Determining an Optimum Value for the Scaling Factor G 
0059. As shown in FIG. 6, the scaler 210 multiplies the 
signature sequence by a factor G and the scaler 206 multiplies 
the signalling OFDM symbol by a factor 1-G. As such, if the 
time domain signalling OFDM symbol signal is c(n) while 
the signature sequence signal is f(n), then the composite 
transmitted preamble symbol s(n) is given by: 

where G is the scaling applied to the signature sequence. The 
signature signal effectively adds distortion to the signalling 
OFDM symbol thereby increasing the bit error rate of the 
signalling OFDM symbol at the receiver. Furthermore, with a 
normalised power of 1, the composite symbol in effect dis 
tributes power between the signature signal and the signalling 
OFDM symbol signal. With a high value for G, the signature 
signal has more power and so frame synchronisation (detec 
tion of the preamble) at the receiver should be achieved at a 
lower signal to noise ratio. However, reducing the power of 
the signalling OFDM symbol (in order to increase the power 
of the signature signal) also means that error-free decoding of 
the signalling information itself becomes more difficult at the 
receiver as the signal-to-noise of the signalling OFDM sym 
bol has fallen. Therefore, an optimum value for G has to be a 
compromise between these conflicting aims. We can further 
define P=(1-G)/G which is proportional to the power ratio 
between the signalling OFDM symbol and the signature sig 
nal. An appropriate value for G can be set by experimenting 
with this power ratio P. 
0060. The performance of example error correction codes 
which may be used for protecting the preamble symbol can be 
assessed in the presence of Additive White Gaussian Noise, 
using an appropriate constellation for the signalling informa 
tion. For example a QPSK modulation scheme can be used 
with example error correction codes. In the present example 
4K LDPC half rate and quarter rate codes were evaluated. 
FIG. 8 provides agraphical illustration of the performance for 
communicating the signalling data using the signalling 
OFDM symbol for these half and quarter rate LDPC codes 
and shows for each code a bit error rate performance with 
respect to signal to noise ratios for an additive white Gaussian 
noise channel. It can be seen that at a signal to noise ratio of 
-3 dB and a signal to noise ratio of 1 dB, the quarter rate and 
half rate codes respectively each become error free. These 
values of signal to noise ratios were then increased to -2 dB 
and 2 dB respectively and then the signature signal added 
with values of P varied until a bit error rate of Zero was 
achieved. 
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0061. As will be appreciated the error correction code 
which may be used to protect the signalling data carried in the 
preamble symbol may have coding rates which are different 
to rate one-half and rate one-quarter. In some embodiments 
the coding rate is less than or equal to one-quarter. In one 
example the coding rate is one-fifth (/s). 
0062 FIG.9 provides agraphical plot for code rates of one 
quarter and one half showing a biterror rate for each code rate 
as the factor P on the X-axis and SNR fixed to -2dB and 2 dB 
respectively. As can be seen from these results setting P-8 dB 
will give a bit error rate close to Zero, despite the presence of 
the signature sequence, which has been added to the signal 
ling OFDM symbol. It can also be seen experimentally, that 
with this value of the factor P. preamble detection can be 
achieved. A value of P-8 dB has, therefore, been adopted for 
the different half and quarter rate code rates with QPSK 
modulated data subcarriers of the signalling OFDM symbol. 
As can be seen an optimising choice for the factor P can be 
chosen from the results produced. 

Determining a Suitable Guard Interval Fraction 
0063. According to example embodiments of the present 
technique, the same preamble symbol will delimit physical 
layer frames meant for both fixed and mobile reception. In the 
following analysis it is assumed that a broadcast transmission 
system, which has both types of transmission frames will be 
used. As such one of the principal factors affecting the recep 
tion of payload data bearing OFDM symbols transmitted for 
fixed reception is spectral efficiency. As explained above, this 
means the use of large numbers of sub-carriers for the OFDM 
symbols and correspondingly large FFT sizes because a 
Smaller guard interval fraction (GIF) can be used to get a large 
guard interval duration (GID). A large GID can allow a broad 
cast system to have a greater separation between broadcast 
transmitters and can operate in environments with a greater 
delay spread. In other words the broadcast transmission sys 
tem is configured with a wider spacing between transmitters 
forming a single frequency network (SFN). 
0064 FIG. 10 illustrates how the selection of the guard 
intervals can be affected when different operating modes 
providing different numbers of sub-carriers per OFDM sym 
bol (different FFT sizes) are used for different frames in the 
same transmission. In contrast to the diagram shown in FIG. 
5, the diagram shown in FIG. 10 is in the time domain. Three 
sets of OFDM symbols are shown in the time domain illus 
trative of what may happen at the point where one frame ends 
and another starts in a single transmission. In FIG. 10a the 
duration of the last OFDM symbol 402 of the ending frame is 
the same as that of the first OFDM symbol 404 of the starting 
frame. The unshaded area 405 between the two OFDM sym 
bols 402 and 404 represents the guard interval that precedes 
symbol 404. In FIG. 10b an example of a preamble symbol 
shown as the lightgrey area 406 is inserted to delimit the two 
frames. As can be seen, this example preamble symbol 406 
has a shorter duration than the data bearing symbols 402 and 
404 as a consequence of having a different number of Sub 
carriers per OFDM symbol. Accordingly, if the GIF for the 
preamble symbol is the same as for the data symbols, the 
guard interval duration for the preamble symbol will not be as 
long as that of the data bearing symbols. Accordingly, if the 
delay spread of the channel is as long as the guard interval of 
the data bearing OFDM symbol 402, then the preamble sym 
bol 406 will suffer inter-symbol interference from the last 
symbol 402 of the previous frame. Examples shown in FIG. 
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10c can provide an arrangement in which the guard interval 
fraction for the preamble symbol is selected to the effect that 
the guard interval duration of the preamble symbol 406 
matches or may be longer than the guard interval duration of 
the last data bearing symbol 402 of the previous frame. 
0065 According to some example embodiments the larg 
est number of sub-carriers per symbol is substantially thirty 
two thousand (32K). With a 32K FFT size in DVB-T2 for 
example, the largest GIF is 19/128. For 6 MHZ channel raster, 
this represents a GID of about 709.33 us. When this GID is 
used for the frame carrying OFDM symbols targeted for fixed 
receivers, the preamble OFDM symbol GID should at least be 
of a similar value, otherwise, the preamble symbol will suffer 
inter-symbol-interference from the last symbol of a previous 
fixed reception frame. 
0066. In a 6 MHZ channel raster system in which for 
example DVB-T2 is transmitted, an OFDM symbol having 
substantially fourthousand sub-carriers (4K) OFDM symbol 
has a duration of only 2*224*8/6=597.33 us. Therefore even 
with a GIF=1, it is not possible to get a GID of 709.33 us with 
a 4K OFDM symbol. A table below lists possible operating 
modes that are receivable in medium to high Doppler fre 
quencies (for the mobile environment) and some possible 
guard intervals. 

TABLE 2 

Mobile FFT modes and their possible guard intervals 

FFT 

Size Tu in 6 MHz (us) GIF GID (us) Ts (us) 

4K 597.33 1 597.33 1194.667 

/4 298.67 1493.338 

/2 597.33 1792.OOS 

8K 1194.67 

19A2 709.33 1904.OOO 

3/4 896.OO 2090.638 

0067. From the above table it can be seen that only an 8K 
operating mode for the preamble OFDM symbol has GIF<1 
which matches or exceeds the maximum GID for a 32K 
maximum number of sub-carriers of the OFDM symbol. In 
conclusion therefore, embodiments of the present technique 
can provide a number of Sub-carriers for the signalling or 
preamble OFDM symbol of 8192 sub-carriers, which corre 
sponds to an 8K FFT size, for which the GIF will be about 
19/32. This means that the total signalling OFDM symbol 
will have a duration of Ts 1904 us. Furthermore an 8K oper 
ating mode will have a sub-carrier spacing, which provides a 
mobile receiver with a reasonable chance of detecting and 
recovering the signalling data from the preamble OFDM 
symbol in medium to high Doppler frequencies. It can be 
understood that in embodiments of this disclosure, the GIF of 
the preamble symbol has to be chosen to have the same GID 
that is the same or longer than the longest GID of the maxi 
mum FFT size available in the system. 
0068. In embodiments, the following table summarizes 
the FFT size specific options for the guard interval length. 
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Guard Interval Duration (ILS) 
FFT (Assuming 6 MHz 
Size Guard Interval Fractions Channel Bandwidth) 

8K 3, 6, 12, 24, 48, 57,961/512 
16K 3,6, 12, 24, 48, 57,96/512 
32K 3, 6, 12, 24, 48,57/512 

7, 14, 28, 56, 112, 133, 224 
14, 28, 56, 112, 224, 266, 448 
28, 56, 112, 224,448, 532 

0069. In embodiments, the same preamble is used for all 
frame types. The preamble consists of a regular 8 k symbol 
with an extended guard interval GI (fractional length 57/128). 
This GI is chosen to map to the longest possible guard interval 
for a 32 k FFT size, i.e. 57/512). ISI avoidance for all frame 
types is therefore guaranteed. 
0070. In some embodiments the 8 k mode is an operating 
mode in which the number of active or useful subcarriers lies 
between 4097 and 8192, the 16 k mode is an operating mode 
in which the number of active or useful subcarriers lies 
between 8192 and 16384, and the 32 k mode is an operating 
mode in which the number of active useful subcarriers lies 
between 16385 and 32768. 
0071. In some embodiments, when referring to 6 Mhz. 
raster herein, in practice the useful bandwidth is approxi 
mately 5.71 MHz or 5.70 MHz allowing for small guard 
bands and/or depending on the precise number of active Sub 
carriers used. 

Channel Estimation Considerations 

0072. As known in OFDM transmission systems such as 
DVB-C2, frequency domain preamble pilots may be inserted 
into a preamble symbol at regular intervals for use in channel 
estimation and equalisation of the preamble symbol. A den 
sity of such pilots DX, which is the spacing in the frequency is 
dependent on the maximum delay spread that can be expected 
on the channel. As explained above, with a single frequency 
transmission network, it can be advantageous to use a larger 
GID. For Such single frequency networks, a channel impulse 
response can have a duration which is equal to the GID. Thus, 
the delay spread of the channel for preamble equalisation may 
be as much as the GID. When using preamble pilots spaced by 
Dx subcarriers, pilot-aided channel estimation is possible for 
delay spreads as long as Tu/DX. This means that DX must be 
set Such that: 

T/De T, 
(0073. Since for an 8K preamble in a 6 MHz channel, 
Tu=1194.67 us, 

D. st Tg 
0074. Substituting Tu=1194.67 and Tg. 709.33, Ds2. 
This means that more than one in every two sub-carriers of the 
signalling OFDM symbol would become a pilot sub-carrier. 
This would have the effect of cutting the capacity of the 
signalling OFDM symbol by more than half. As such, this 
conclusion Suggests that an alternative technique should be 
adopted to estimate the channel impulse response rather than 
using frequency domain pilots. 

Frequency Offset Considerations 
(0075. At first detection, the signalling or preamble OFDM 
symbol may have to be decoded in the presence of any tuning 
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frequency offsets introduced by tuner 52. This means that 
either the signalling data should be modulated unto the pre 
amble OFDM symbol in a manner that reduces the effects of 
any frequency offsets or resources are inserted into the pre 
amble symbol to allow the frequency offset to be estimated 
and then removed prior to preamble decoding. In one example 
the transmission frame may only include one preamble 
OFDM symbol per frame so the first option is difficult to 
achieve. For the second option, additional resources can be in 
the form of frequency domain pilot Sub-carriers, which are 
inserted into the OFDM so that these can be used to estimate 
the frequency offset and common phase error. The frequency 
offsets are then removed before the symbol is equalised and 
decoded. In a similar vein to the insertion of pilots into the 
data payload bearing OFDM symbols, embodiments of the 
present technique can be arranged to provide within the sig 
nalling (preamble) OFDM symbol pilot sub-carriers, which 
can allow for the estimation of frequency offsets that are 
larger than the preamble Sub-carrier spacing. These pilots are 
not spaced regularly in the frequency dimension to avoid 
instances when multipath propagation may result in regular 
nulls of the pilots across the full preamble OFDM symbol. 
Accordingly, 180 pilot sub-carriers can be provided across 
the 8K symbol with the positions defined apriori. The sub 
FFT bin frequency offset is estimated via the detection of the 
preamble OFDM symbol itself. Accordingly embodiments of 
the present technique can provide a preamble OFDM symbol 
in which the number of sub-carriers carrying pilot symbols is 
less than the number which would be required to estimate a 
channel impulse response through which the preamble 
OFDM symbol is transmitted, but sufficient to estimate a 
coarse frequency offset of the transmitted OFDM symbol. 

Frequency Offset Detection at the Receiver 

0076. As explained above the preamble is formed by com 
bining an OFDM symbol carrying signalling data with a 
signature sequence. In order to decode the signalling data, the 
receiver has to first detect and capture the preamble OFDM 
symbol. In one example the signature sequence may be 
detected using a match filter which has impulse response 
which is matched to the conjugate of the complex samples of 
the known signature sequence. However any frequency offset 
in the received signal have an effect of modulating the output 
of the matched filter and preventing accurate detection of the 
signature sequence using a match filter. An example receiver 
for detecting the preamble and recovering the signalling 
information provided by the preamble in the presence of a 
frequency offset is shown in FIG. 11a. In FIG. 11a, a signal 
received from an antenna is converted to a baseband signal, 
using a conventional arrangement as shown in FIG. 4 and fed 
from an input 420 respectively to a complex number multi 
plier 422 and a frequency synchroniser 424. The frequency 
synchroniser 424 serves to detect the frequency offset in the 
received signal r(X) and feed a measure of the offset in respect 
of a number of subcarriers to an oscillator 426. The oscillator 
426 generates a complex frequency signal which is fed to a 
second input of the multiplier 422 which serves to introduce 
a reverse of the offset into the received signal r(x). Thus the 
multiplier 422 multiplies the received signal r(x) with the 
output from the oscillator 426 thereby compensating or sub 
stantially reversing the frequency offset in the received signal 
so that a preamble detection and decoding unit 430 can detect 
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the preamble OFDM symbol and recover the signalling data 
conveyed by the preamble which is output on output channel 
432. 

0077 FIG. 11b provides an example implementation of 
the frequency synchroniser 424 which forms part of the 
receiver shown in FIG.11a. In FIG.11b the received signal is 
fed from the input 420 to a preamble guard interval correlator 
432 which generates at a first output 434 a signal providing an 
indication of the start of the useful part of the OFDM symbol. 
A second output 436 feeds the samples of the OFDM symbol 
to a Fourier transform processor 438, but delayed by the 
number of samples Nu in the useful part. The first output 434 
from the preamble guard interval correlator 432 detects the 
location of the guard interval and serves to provide a trigger 
signal from a threshold detector 440 to the FFT 438 through 
a channel 442 which triggers the FFT 438 to convert the Nu 
time domain samples of the useful part of the OFDM symbol 
into the frequency domain. The output of the Fourier trans 
form processor 438 is fed to a continuous pilot (CP) matched 
filter unit 444, which correlates the pilot signals in the 
received OFDM symbol with respect to replicas at the 
receiver which are used to set an impulse response of the CP 
matched filter in the frequency domain. The matched filter 
444 therefore correlates the regenerated pilots with the 
received OFDM symbol and feeds a result of the correlation 
to an input to a detection threshold unit 446. The detection 
threshold unit 446 detects an offset in the received signal in 
terms of the number of FFT bins on channel 448 which 
effectively provides the frequency offset which is fed to the 
oscillator 426 for correcting the offset in the received signal. 
0078 FIG.11c provides an example of implementation of 
the preamble guard interval correlator 432 and corresponds to 
a conventional arrangement for detecting the guard interval. 
Detection is performed by cross correlating the samples of the 
received OFDM symbol with themselves after a delay of Nu 
samples with the cross correlation outputs accumulated over 
consecutive Ng sample intervals. Thus the received signal is 
fed from an input 420 to a multiplier 450 and a delay unit 452 
which feeds an output to a complex conjugator 454 for mul 
tiplying by the multiplier 450 with the received signal. A 
delay unit 456 delays the samples by the number of samples 
Ng in the guard interval and a single delay unit 458 delays an 
output of an adder 460. The adder 460 receives from the 
multiplier 450 the results of multiplying the received signal 
with a conjugate of the delayed samples corresponding to the 
useful samples Nu which is then fed to the adder 460. 
Together adder 460, delay blocks 456 and 458 implement a 
moving average filter of order Ng whose effect is to accumu 
late successive outputs of the cross-correlator over Ng 
samples. Thus at a point 434 there is provided an indication of 
the detection of the useful part of the OFDM symbol by 
detecting the guard interval period. The output 436 provides 
the delayed received signal samples which are fed to the FFT 
in order to trigger the Fourier transform after the guard inter 
val has been detected by the first output 434. 
007.9 FIG. 11d provides another example of implementa 
tion of the frequency synchroniser 424 and corresponds to a 
first detection of the preamble symbol by use of a signature 
sequence matched filter 462. Firstly however, the differential 
encoder block 461 is used to alter the received signal so as to 
reduce the modulation of the matched filter output by any 
frequency offset present in the received signal. The differen 
tial encoder 461 is applied both to the received signal and the 
time domain signature sequence which is generated by 
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inverse Fourier transform 506 of the output of the frequency 
domain signature sequence generator 504. The signature 
sequence matched filter 462 to be described later in FIG. 15a 
is a finite impulse response filter whose taps are set to the 
coefficients of the differential encoded time domain signature 
sequence. The circuit shown in FIG. 11d therefore forms an 
example of the frequency synchroniser 424 in which the 
signature sequence generator 504 re-generates the signature 
sequence, the inverse Fourier transformer 506 transforms the 
signature sequence into the time domain, and the differential 
encoder 461 compares differentially successive samples of 
the received signal to reduce a modulating effect of the fre 
quency offset in the radio signal, and correspondingly com 
pares differentially successive samples of the time domain 
version of the signature sequence. As already explained, the 
matched filter 462 has an impulse response corresponding to 
the differentially encoded signature sequence and receives 
the received signal from the differential encoder 461 and 
filters the differentially encoded received signal to generate at 
an output an estimate of the coarse frequency offset. 
0080 Corresponding to output channel 434 in FIG. 11b, 
output channel 463 in FIG. 11d produces a signal which is fed 
to the threshold block 440 to generate a trigger for the FFT 
438: whilst output channel 436 in FIG. 11b corresponds to 
output channel 464 in FIG. 11d. This channel conveys the 
preamble OFDM symbol samples to the FFT block 438 
which at the right moment is triggered by through channel 
442 by the thresholdblock 440. FIG.11e provides an example 
of the differential encoding block 461. The received samples 
r(n) enter a unit delay element 465 and also a conjugation 
block 466. The delay element 465 delays each sample for one 
sample period while the conjugation element 466 changes 
each input sample to its conjugate at its output whose effect is 
to convert an input Ir,(n)+jr(n) into an outputr,(n)-jr(n)). 
This conjugated Sample is then Subtracted from the output of 
delay element 465 by the adder 467. For an input signal 
|r(n)+jr(n) and output y,(n)+jy(n) n=0, 1, 2 . . . , the 
differential encoder 461 acts to implement the equation: 

0081. Accordingly before preamble detection and decod 
ing is performed by the preamble detection and decoding unit 
430 the frequency offset in the received signal is estimated 
and corrected by the arrangements shown in FIGS. 11a and 
11b and 11c.; or 11d and 11e. 

Preamble Detection and Decoding at the Receiver 
0082. As explained above for the example of the receiver 
shown in FIG. 11a, a preamble detector and decoder 430 is 
configured to detect the preamble symbol and to recover the 
signalling data from the preamble symbol. To this end, the 
preamble detector and decoder 430 detects the preamble by 
detecting the signature sequence and then removes the signa 
ture sequence before recovering the signalling data from the 
preamble. Example embodiments of the preamble detector 
and decoder 430 are illustrated in FIGS. 12, 13 and 14. 
0083. Embodiments of the present technique can provide a 
receiver which detects the signature sequence and removes 
the signature sequence in the frequency domain or in the time 
domain. FIG. 12 provides a first example in which the signa 
ture sequence is removed in the frequency domain. Referring 
to the example receiver shown in FIG.11a, the received base 
band signal is fed from a receive channel 428 to a matched 
filter 502 and a demodulator 550. The match filter 502 
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receives the signature sequence in the time domain after a 
signature sequence generator 504, which is the same as the 
signature sequence generator 212 at the transmitter, re-gen 
erates a copy of the signature sequence. The matched filter 
502 is configured to have an impulse response which is 
matched to the time domain signature sequence. As such, it 
correlates the time domain signature sequence with the 
received signal fed from the receive channel 428 and the 
correlation output result can be used to detect the presence of 
the preamble OFDM symbol when an output of the correla 
tion process exceeds a predetermined threshold. Further 
more, as a result of the presence of the signature sequence in 
the preamble OFDM symbol, an impulse response of the 
channel through which the received signal has passed can also 
be estimated from the correlation output of the matched filter 
by a channel impulse response estimator 508. The receiver 
can therefore include an arrangement for estimating the chan 
nel impulse response using the signature sequence without 
recourse to the traditional scattered pilots. 
I0084 Having detected the presence of the signature 
sequence and estimated the channel impulse response, the 
effect of the channel impulse response can be removed from 
the received signal within the demodulator 550. Accordingly 
a Fast Fourier Transformer 518 transforms the channel 
impulse response estimate into the frequency domain channel 
transfer function and feeds the channel transfer function to an 
equaliser 516 within the demodulator 550. 
0085. In the receiver shown in FIG. 12 the demodulator 
550 is arranged to recover the signalling data in a base band 
form encoded with an error correction code. The demodulator 
550 therefore recovers the signalling data from the signalling 
(preamble) OFDM symbol, which is then decoded using a 
forward error correction decoder 520 before being 
descrambled by a descrambling unit 522 which corresponds 
to the scrambling unit 200 shown in FIG. 6 but performs a 
reverse of the scrambling. 
I0086. The demodulator 550 includes a guard interval 
remover 512, which removes the guard interval from the 
signalling OFDM symbols, and an FFT unit 514, which con 
verts the time domain samples into the frequency domain. 
The equaliser 516 removes the effects of the channel impulse 
response, which has been converted into the frequency 
domain to form a channel transfer function by the FFT unit 
518 as already explained above. In the frequency domain the 
equaliser 516 divides each signalling data carrying OFDM 
Sub-carrier by its corresponding channel transfer coefficient 
to remove, as far as possible, the effect of the transmission 
channel from the modulation symbols. 
I0087. A signature sequence remover is formed by an adder 
unit 519 which receives the signature sequence in the fre 
quency domain generated by the signature sequence genera 
tor 504 after this has been scaled by the scaling factor G, as 
explained above by a scaling unit 521. Thus the signature 
sequence remover 519 receives at a first input the equalised 
preamble OFDM symbol and on a second input a scaled 
signature sequence in the frequency domain and Subtracts one 
from the other to form at the output estimates of the modula 
tion symbols which were carried by the data bearing subcar 
riers of the preamble OFDM symbol. 
I0088. The modulation symbols representing the error cor 
rection encoded preamble signalling data are then demodu 
lated and error correction decoded by the demodulator and 
FEC decoder 520 to form at an output the scrambled bits of 
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the L1 signalling data which are then descrambled by the 
descrambling unit 522 to form as an output 524 the L1 sig 
nalling data bits. 
0089. A further example of the preamble detector and 
decoder 430 which operates in the time domain to remove the 
signature sequence is showing in FIGS. 13 and 14. FIG. 13 
provides an example of the preamble detector and decoder 
430 which corresponds to the example shown in FIG. 12 and 
so only differences with respect to the operation of the 
example shown in FIG. 13 will be explained. In FIG. 13 as 
with the example in FIG. 12 the baseband received signal is 
fed to a signature sequence matched filter 502 and to a 
demodulator 550. As with the example shown in FIG. 12, the 
signature sequence matched filter cross-correlates the 
received signal with an impulse response which is matched to 
the time domain signature sequence. The signature sequence 
is received in the time domain form by regenerating the sig 
nature sequence in the frequency domain using the signature 
sequence generator 504 and transforming the signature 
sequence into the time domain using an inverse Fourier trans 
form processor 506. As with the example shown in FIG.12a 
channel impulse response estimator 508 detects the channel 
impulse response from the output of the signature sequence 
matched filter 502 and forms this into the frequency domain 
channel transfer function using an FFT unit 518 to feed the 
frequency domain channel estimate to an equaliser 516 
within the demodulator 550. 

0090 So far the operation of the example shown in FIG. 13 
corresponds to that shown in FIG. 12. As shown in FIG. 13 the 
demodulator 550 includes the signature sequence remover 
559 at before the guard remover 512. The time domain sig 
nature sequence which is fed from the inverse Fourier trans 
form unit 560 is scaled by the scaling unit 521 by the prede 
termined factor G. The scaled time domain signature 
sequence is then fed to the signature sequence remover 559 
which removes the signature sequence in the time domain 
from the received baseband signal. Thereafter the guard 
remover 512, the FFT unit 514 and the equaliser 516 operate 
in a corresponding way to the elements shown in FIG. 12. 
0091. The signature sequence remover 559 shown in FIG. 
13 is shown in more detail in FIG. 14. In FIG. 14 the signature 
sequence remover 559 comprises a guard interval inserter 
561, a combiner unit 560 and an FIR filter 562. The time 
domain baseband received signal is received on the input 
channel 428 at one input of the combiner unit 560. A second 
input 564 receives the scaled time domain version of the 
signature sequence, which is fed to the guard interval inserter 
561 which prepends a cyclic prefix to the signature sequence 
in much the same way as the guard interval inserter 561 42 at 
the transmitter. The output of the guard interval inserter feeds 
the FIR filter 562 which receives on a second input 566 the 
estimate of the channel impulse response generated by the 
channel impulse response extraction block 508. The FIR filter 
562 therefore convolves the channel impulse response esti 
mate with the signature sequence in the time domain which is 
then subtracted by the combiner 560 from the received base 
band signal to remove the effect of the signature sequence 
from the received signal. FIG. 15b shows a more detailed 
example implementation of this signature sequence removal 
and how the FIR filter 562 is configured. 
0092. As will be appreciated the operation of the demodu 
lator and FEC decoder 520 and the scrambler 522 perform the 
same functions as explain with reference to FIG. 12. 
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Matched Filter 

(0093. As indicated above the matched filter 502 generates 
an output signal which represents a correlation of the received 
signal with the signature sequence. A block diagram showing 
an example of the signature sequence matched filter 502 is 
shown in FIG. 15a. 
0094 FIG. 15a shows a sequence of Ns delay elements 
600 connected to scaling units 602 which scale each of the 
samples of the data stored in the delay storing unit 600 by a 
corresponding component of the signature sequence P(n) but 
conjugated. The output from each of the scaling units 602 is 
then fed to an adding unit 604 which forms an output signal 
representing a correlation of the received signal samples r(n) 
with the signature sequence at an output 606. The matched 
filter implements the equation: 

(0095. When the filter taps P(i) are of form (+1+1), the 
multiplier at each tap could simply be done by add and Sub 
tract circuits for each of the in-phase and quadrature compo 
nents. When the signature sequence is a CAZAC sequence, 
the quadrature components of P(i) are not bipolar. The scaling 
units 602 can use the sign of each quadrature component 
instead so as to have the form (+1+1). 
(0096 FIG. 16a and FIG. 16b provide examples of a cor 
relation output of the match filter for a multipath environ 
ment. In this case the channel is composed of three paths and 
the preamble is a 4K symbol with GIF of 4 for illustrative 
purposes only. As can be seen there is a clear correlation peak 
when the signature sequence of the received signal coincides 
with the signature sequence at the receiver. The example 
shown in FIG. 16b shows the output of the match filter but 
with a more expanded X-axis showing an increase in resolu 
tion which is expanded from the correlation peak shown in 
FIG. 16.a. For this channel, there are three paths as tabulated 
in the Table below: 

TABLE 3 

Multipath profile of example channel 

Path Delay (us) samples Power(dB) 

1 OO) O 
1068) -10 

3 25 (171 -6 

Channel Impulse Response Extractor 
(0097. As can be seen from FIG. 16b, both the amplitudes 
of the main impulses and their relative delays coincide with 
the characteristics of the multipath channel profile through 
which this particular signal propagated. To detect the actual 
channel paths, a threshold of energy detection is set to an 
appropriate multiple of the root mean square (RMS) level of 
the matched filter output within a window ins of the highest 
amplitude output sample. The exact multiple of the RMS is 
chosen experimentally depending on the lowest signal to 
noise ratio under which the system is to work. Any sample of 
the matched filter output above this threshold is taken as a 
channel path, and all other samples are then set to Zero in the 
channel impulse estimator 508. Finally, the channel impulse 
response (CIR) is normalised by dividing all its samples with 
the highest amplitude sample. In this way, the relative ampli 
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tudes and delays of each of the impulses in the channel 
through which the received signal has passed can be esti 
mated. 

Signature Sequence Remover 

0098. Having formed an estimate of the channel impulse 
response, a component of the received signal corresponding 
to that contributed by the signature sequence in the received 
signal can be generated by passing the received signal r(i) 
through the signature sequence remover 559, which is con 
figured with filter taps h, to reflect the delay and amplitude 
profile of the channel impulse response. This can be accom 
plished by Suitable Scaling, shifting and adding of the signa 
ture sequence of lengthNs=Nu--Ng of the preamble symbol. 
An example of the filter is shown in FIG. 15b. 
0099. As shown in FIG. 15b, the signature sequence 
remover 559 includes a finite impulse response (FIR) filter 
562 made up of a delay line comprised of NS-1 delay ele 
ments 652.1, 652.2, to 652. Ns-1. The output of these delay 
elements are connected to corresponding gain terms 651.1, 
651.2, to 651. Ns-1 each of which gain stages feed their 
output to the adder 653. The input 654 of the filter is con 
nected both to the input of delay element 652.1 and to the 
input of gain term 651.0. The output 656 of the FIR filter 650 
is connected to the input of an adder 560 whose other input 
657 receives the received preamble signal samples r(i). Dur 
ing operation, the gain stages of the FIR filter are set to the 
negative values of the samples of the channel impulse 
response derived by the channel impulse response estimator 
506. The FIR 650 generates at an output 656 a signal repre 
senting the convolution of the signature sequence by the 
channel impulse response estimate, which effectively pro 
vides an estimate of the effect of the channel on the signature 
sequence imposed upon the signalling OFDM symbol. An 
adder 560 then subtracts the output signal of the FIR 656 from 
the received signal from an input 657 to remove the effect of 
the signature sequence from the received signal to form an 
output 660. Therefore a result (of the signature sequence 
transiting the channel described by the channel impulse 
response) is Subtracted from the received signal by the signa 
ture sequence remover 510 with a delay matched to the point 
from which the first significant impulse (of the output of the 
matched filter) occurred. This process can be iterated in that 
the matched filter 502 can be re-run with the results of the 
Subtraction, the channel impulse response re-estimated by the 
channel impulse response estimator 508 and the its effect on 
the signature sequence being extracted again by the signature 
sequence remover 559. As a result, a more accurate estimate 
of the effect of the signature sequence on the received signal 
can be estimated and Subtracted from the received signal. 
Channel impulse responses from all iterations can then be 
Summed and normalised to provide an improved estimate of 
the channel impulse response from which the channel transfer 
function (CTF) is derived for preamble symbol equalisation. 

Frequency Offset Estimation 

0100 FIG. 17 provides a more detailed schematic block 
diagram of the preamble pilot matched filter 444 used for 
detecting a coarse frequency offset in the received signalling 
OFDM symbol, which may form part of the frequency syn 
chroniser 424 of FIG.11a. As explained above, the number of 
pilots introduced into the signalling OFDM symbol is less 
than the number which would be required in order to estimate 
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the channel. The number of pilot symbols is therefore set to 
estimate a coarse frequency offset. The block diagram shown 
in FIG. 17 provides an example representation of the coarse 
frequency remover 513 and is shown with three versions of 
the received preamble signal 701. 
0101. As shown in FIG. 17 a sequence of delay elements 
700 are used to feed in discrete samples of the signal which 
are then multiplied by multipliers 702 with the known pilot 
signal values P(n) and Summed by a Summing unit 704 to 
form a correlation output 706. A pulse detector or peak detec 
tor 708 is the same one shown as 446 in FIG.11b which then 
generates an output signal on channel 710 showing a peak 
when there is a coincidence between a relative offset of the 
received signal with the company of the pilot signals at the 
receiver. Shaded circles of each received signal 701 show 
sub-carrier cells that represent preamble pilots whilst the 
un-shaded cells show non-pilot sub-carrier cells. All sub 
carrier cells are shifted into the transversal filter from right to 
left. The parameter MaxOff is a design parameter that repre 
sents the maximum value of the frequency offset in units of 
Sub-carrier spacing Q that the designer may expect. The out 
put of the pulse detector is only valid between shifts (0.5 (Na+ 
Nu)-MaxOff) and (0.5(Na+Nu)+MaxOff) where Na is the 
number of sub-carriers (out of a total of Nu) used in the 
preamble OFDM symbol. If the shifts are numbered from 
-MaxOff to +MaxOff then the pulse detector output will go 
high for the shift that corresponds to the observed frequency 
offset. 
0102 Once S2 is detected, this coarse frequency is 
removed by shifting the subcarriers by-S2 i.e. in the opposite 
direction to the frequency offset. This can also be removed 
prior to FFT in common with the fine frequency offset which 
is estimated from the argument of the peak preamble detec 
tion matched filter or guard interval correlation 432 peak 
sample by modulation with a Suitably phased sinusoid gen 
erated by the oscillator 426 in FIG. 11a. The two frequency 
offsets can be used to start off the carrier correction loop for 
the rest of the OFDM symbols in the frame. 
0103 FIG. 18 shows a pilot correlation result of a fre 
quency offset in an example plot of the input of the pulse 
detector for a frequency offset of S2=-88 in a case where 
MaxOffis set to 350. The pulse detector might use a threshold 
to clip this input as a detector of the presence or absence of a 
Substantial pulse. 

Preamble Symbol Equalisation 
0104. After signature sequence removal from the received 
samples and the coarse frequency offset has been adjusted, 
OFDM equalisation can begin with the FFT of the received 
sequence. The FFT window starts from a trigger position in 
the FFT unit 514 corresponding to the relative delay of the 
first impulse in the channel impulse response estimate. If the 
channel impulse response estimate duration is longer than the 
preamble GID, then the trigger position is altered to ensure 
that it starts at the beginning of a Ng (Ng is the number of time 
domain samples in the guard interval of the preamble symbol) 
long window under which the maximum of the energy of the 
channel impulse response estimate falls. The Nu point FFT 
produces the preamble OFDM symbol in the frequency 
domain with the effect of the channel superposed. Before 
equalisation and decoding, any frequency offsets have to be 
calculated and removed by the frequency offset remover as 
explained above with reference to FIGS. 11a, 11b, 11c. This 
estimation uses correlation with the known preamble pilots to 
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determine how far to the right or left the full symbol is shifted 
in frequency. Equalisation of the preamble OFDM symbol 
requires a channel transfer function (CTF). This is derived by 
executing a Nu point FFT on the channel impulse response 
estimate by the FFT unit 518. This provides a channel transfer 
function for all subcarriers in the preamble OFDM symbol 
allowing Subcarrier by Subcarrier one-tap equalisation to take 
place. Finally, the equalised data Subcarriers are extracted 
(pilot Subcarriers discarded) and de-mapped, forward error 
correction (FEC) decoded to provide the signalling. 

Selected Results 

0105 FIG. 19 provides a graphical plot of bit error rate 
with respect to signal to noise ratio for different code rates 
with and without the addition of the signature sequence to the 
signalling OFDM symbol. Thus, two code rates are shown, 
rate one half and rate one quarter, each code rate including the 
example of the presence of the signature sequence and with 
out the signature sequence. As can be seen, the results for rate 
one quarter show that the signalling OFDM symbol can be 
detected even at signal to noise ratios of less than -2 dBs. 
01.06 Two further sets of results shown in FIGS. 20a and 
20b provide a graphical plot of bit error rate against signal to 
noise ratio in which for the results shown in FIG.20a there is 
a 0 dB echo channel with an ideal channel estimation and in 
FIG. 20b a multipath environment with two paths as illus 
trated in FIG. 20c. Thus for FIG. 20b in contrast to the result 
shown in FIG. 20a there is a relative degradation in perfor 
mance resulting from real channel estimation. However, as 
can be seen, the results are comparable. 
0107 Various further aspects and features of the present 
disclosure are defined in the following numbered clauses: 
0108 1. A transmitter for transmitting payload data using 
Orthogonal Frequency Division Multiplexed (OFDM) sym 
bols, the transmitter comprising 
0109 a frame builder configured to receive the payload 
data to be transmitted and to receive signalling data for use in 
detecting and recovering the payload data at a receiver, and to 
form the payload data with the signalling data into frames for 
transmission, 
0110 a modulator configured to modulate a first OFDM 
symbol with the signalling data forming a part of each of the 
frames and to modulate one or more second OFDM symbols 
with the payload data to form one or more of the frames, and 
0111 a transmission unit for transmitting the first and 
second OFDM symbols, wherein the first OFDM symbol is a 
first type having a number of Sub-carriers which is less than or 
equal to the number of sub-carriers of the one or more second 
OFDM symbols of a second type and a guard interval for the 
first OFDM symbol is selected independence upon the long 
est possible guard interval of the second OFDM symbol. 
0112 2. A transmitter according to clause 1, wherein the 
number of sub-carriers of the first OFDM symbol is selected 
in dependence upon the duration of the selected guard inter 
val. 
0113. 3. A transmitter according to clause 1 or 2, wherein 
the number of sub-carriers of the first OFDM symbol is 
selected to increase a likelihood of a receiver being able to 
detect and recover the signalling data from the first OFDM 
symbol and the number of sub-carriers of the second OFDM 
symbol is selected to maximise spectral efficiency. 
0114. 4. A transmitter according to any of clauses 1, 2 or 3. 
wherein the number of sub-carriers in the second OFDM 
symbolis Substantially thirty two thousand, sixteen thousand 
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or eight thousand and the number of sub-carriers of the first 
OFDM symbol is substantially eight thousand. 
0115 5. A transmitter according to clause 4, wherein the 
guard interval is 19/32 or 19764 of the duration of the first 
OFDM symbol. 
0116 6. A transmitter as claimed in any preceding Claim, 
wherein the transmitter includes a pilot signal inserter con 
figured to insert pilot symbols on selected sub-carriers of the 
first OFDM symbol, the number of pilot symbol carrying 
sub-carriers being less than a number which would be 
required to estimate a channel impulse response through 
which the first OFDM symbol is transmitted, and sufficient to 
estimate a coarse frequency offset of the transmitted OFDM 
symbol. 
0117 7. A transmitter according to any of clauses 1 to 6, 
wherein the signalling data is encoded with a first error cor 
rection code and the payload data is encoded with at least one 
other error correction code, an encoding rate of the first error 
correction code being lower than an encoding rate of the at 
least one other error correction code. 
0118 8. A transmitter according to clause 7, wherein the 
signalling data is encoded with an error correction code, an 
encoding rate of the error correction code being lower than 
rate one quarter. 
0119) 9. A method of transmitting payload data using 
Orthogonal Frequency Division Multiplexed (OFDM) sym 
bols, the method comprising 
I0120 receiving the payload data to be transmitted, 
0121 receiving signalling data for use in detecting and 
recovering the payload data to be transmitted at a receiver, 
0.122 forming the payload data with the signalling data 
into frames for transmission, 
I0123 modulating a first OFDM symbol with the signal 
ling data forming a part of each of the frames and modulating 
one or more second OFDM symbols with the payload data to 
form one or more of the frames, and 
0.124 transmitting the first and second OFDM symbols, 
wherein the first OFDM symbol is of a first type having a 
number of sub-carriers which is less than or equal to the 
number of sub-carriers of the one or more second OFDM 
symbols of a second type, and the transmitting includes 
0.125 selecting a guard interval for the first OFDM symbol 
depending upon the maximum allowable duration of the 
guard interval useable for the one or more second OFDM 
symbols. 
0.126 10. A method according to clause 9, wherein the 
selecting the guard interval for the first OFDM symbol 
includes selecting the number of sub-carriers of the first 
OFDM symbol in dependence upon the size of the selected 
guard interval. 
I0127 11. A method according to clause 9 or 10, wherein 
the selecting the guard interval for the first OFDM symbol 
includes selecting the number of sub-carriers of the first 
OFDM symbol to increase a likelihood of a receiver being 
able to detect and recover the signalling data from the first 
OFDM symbol and the method comprises selecting the num 
ber of sub-carriers of the second OFDM symbol to maximise 
spectral efficiency. 
I0128 12. A method according to clause 11, wherein the 
selecting the number of sub-carriers of the second OFDM 
symbol includes selecting the number of sub-carriers in the 
second OFDM symbol to be substantially thirty two thou 
sand, sixteen thousand or eight thousand and the selecting the 
number of sub-carriers of the first OFDM symbol comprises 
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selecting the number of sub-carriers of the first OFDM sym 
bol to be substantially eight thousand. 
0129. 13. A method according to clause 12, wherein the 
selecting the guard interval comprises selecting the guard 
interval to be 19/32 or 19764 of the duration of the first OFDM 
symbol. 
0130 14. A method according to any of clauses 9 to 13, 
comprising 
0131 inserting pilot symbols on selected sub-carriers of 
the first OFDM symbol, the number of pilot symbol carrying 
sub-carriers being less than a number which would be 
required to estimate a channel impulse response through 
which the first OFDM symbol is transmitted, and sufficient to 
estimate a coarse frequency offset of the transmitted OFDM 
symbol. 
0132) 15. A method according to any of clauses 9 to 14, 
comprising 
0.133 encoding the signalling data with a first error cor 
rection code and 
0134) encoding the payload data with at least one other 
error correction code, an encoding rate of the first error cor 
rection code being lower than an encoding rate of the at least 
one other error correction code. 
0135 16. A method according to clause 15, comprising 
0136 encoding the signalling data with an error correction 
code, an encoding rate of the error correction code being 
lower than rate one quarter. 
0137) 17. A receiver for detecting and recovering payload 
data from a received signal, the receiver comprising 
0138 a detector for detecting the received signal, the 
received signal comprising the payload data and signalling 
data for use in detecting and recovering the payload data, the 
signalling data and the payload data forming frames in the 
received signal, the signalling data in each frame being car 
ried by a first Orthogonal Frequency Division Multiplexed, 
OFDM, symbol, and the payload data being carried by one or 
more second OFDM symbols, and the first OFDM symbol 
has a number of sub-carriers which is less than or equal to the 
number of sub-carriers of the second OFDM symbol and a 
guard interval for the first OFDM symbol is selected indepen 
dence upon the maximum allowable duration of the guard 
interval useable for the second OFDM symbol, 
0139 a demodulator configured to detect the first OFDM 
symbol and the second OFDM symbol and to recover the 
signalling data from the first OFDM symbol in the presence of 
the guard interval using a forward Fourier transform with 
respect to the number of sub-carriers of the first OFDM sym 
bol and using the signalling data to recover the payload data 
from the second OFDM symbol. 
0140 18. A receiver according to clause 17, wherein the 
number of sub-carriers of the first OFDM symbol is selected 
in dependence upon the size of the selected guard interval. 
0141 19. A receiver according to clause 17 or 18, wherein 
the number of sub-carriers of the first OFDM symbol is 
selected to increase a likelihood of a receiver being able to 
detect and recover the payload data from the first OFDM 
symbol and the number of sub-carriers of the second OFDM 
symbol is selected to maximise spectral efficiency. 
0142. 20. A receiver according to any of clauses 17, 18, 19, 
wherein the number of sub-carriers in the second OFDM 
symbolis Substantially thirty two thousand, sixteen thousand 
or eight thousand and the number of sub-carriers of the first 
OFDM symbol is substantially eight thousand. 
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0.143 21. A receiver according to clause 20, wherein the 
guard interval is 19/32 or 19764 of the duration of the first 
OFDM symbol. 
0144. 22. A receiver according to any of clauses 17 to 21, 
wherein the received signal includes pilot symbols inserted 
on selected sub-carriers of the first OFDM symbol, the num 
ber of pilot symbol carrying Sub-carriers being less than a 
number which would be required to estimate a channel 
impulse response through which the first OFDM symbol has 
been transmitted, wherein the receiver includes 
0145 a coarse frequency offset estimator configured to 
estimate a coarse frequency offset of the received first OFDM 
symbol, and to compensate for the coarse frequency offset in 
the received signal. 
0146 23. A receiver according to any of clauses 17 to 22, 
wherein the signalling data has been encoded with a first error 
correction code and the payload data is encoded with at least 
one other error correction code, an encoding rate of the first 
error correction code being lower than an encoding rate of the 
at least one other error correction code, and the receiver 
comprises 
0147 an error correction decoderconfigured to decode the 

first error correction encoded signalling data to generate an 
estimate of the signalling data. 
0148 24. A receiver according to clause 23, wherein the 
signalling data has been encoded with an error correction 
code, an encoding rate of the error correction code being 
lower than rate one quarter, and the receiver comprises 
0149 an error correction decoder configured to decode the 
error correction encoded signalling data to generate an esti 
mate of the signalling data. 
0150. 25. A method of detecting and recovering payload 
data from a received signal, the method comprising 
0151 detecting the received signal, the received signal 
comprising the payload data and signalling data for use in 
detecting and recovering the payload data, the signalling data 
and the payload data forming frames in the received signal, 
the signalling data in each frame being carried by a first 
Orthogonal Frequency Division Multiplexed, OFDM, sym 
bol, and the payload data being carried by one or more second 
OFDM symbols and a guard interval for the first OFDM 
symbol is selected in dependence upon the maximum allow 
able duration of the guard interval useable for the second 
OFDM symbol, 
0152 demodulating the first OFDM symbol and the sec 
ond OFDM symbol to recover the signalling data from the 
first OFDM symbol in the presence of the guard interval using 
a forward Fourier transform with respect to the number of 
sub-carriers of the first OFDM symbol, and 
0153 using the signalling data to recover the payload data 
from the second OFDM symbol. 
0154 26. A method according to clause 25, wherein the 
number of sub-carriers of the first OFDM symbol is selected 
in dependence upon the size of the selected guard interval. 
0155 27. A method according to clause 25 or 26, wherein 
the number of sub-carriers of the first OFDM symbol is 
selected to increase a likelihood of a receiver being able to 
detect and recover data from the first OFDM symbol and the 
number of sub-carriers of the second OFDM symbol is 
selected to maximise spectral efficiency. 
0156 28. A method according to any of clauses 26, 27 or 
28, wherein the number of sub-carriers in the second OFDM 
symbolis Substantially thirty two thousand, sixteen thousand 
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or eight thousand, and the number of sub-carriers of the first 
OFDM symbol is substantially eight thousand. 
0157 29. A method according to clause 28, wherein the 
guard interval is 19/32 or 19764 of the duration of the first 
OFDM symbol. 
0158. 30. A method according to any of clauses 25 to 29, 
wherein the received signal includes pilot symbols inserted 
on selected sub-carriers of the first OFDM symbol, the num 
ber of pilot symbol carrying Sub-carriers being less than a 
number which would be required to estimate a channel 
impulse response through which the first OFDM symbol has 
been transmitted, and the method includes 
0159 estimating a coarse frequency offset of the received 

first OFDM symbol, and 
0160 compensating for the coarse frequency offset in the 
received signal. 
0161 31. A method according to any of clauses 25 to 30, 
wherein the signalling data has been encoded with a first error 
correction code and the payload data is encoded with at least 
one other error correction code, an encoding rate of the first 
error correction code being lower than an encoding rate of the 
at least one other error correction code, and the method com 
prises 
0162 decoding the first error correction encoded signal 
ling data to generate an estimate of the signalling data. 
0163. 32. A method according to clause 31, wherein the 
signalling data has been encoded with an error correction 
code, an encoding rate of the error correction code lower than 
rate one quarter, and the method comprises 
0164 decoding the error correction encoded signalling 
data to generate an estimate of the signalling data. 
0.165 Various further aspects and features of the present 
disclosure are defined in the appended claims. Various com 
binations of features may be made of the features and method 
steps defined in the dependent claims other than the specific 
combinations set out in the attached claim dependency. Thus 
the claim dependencies should not be taken as limiting. 
0166 It will be appreciated that the above description for 
clarity has described embodiments with reference to different 
functional units, circuitry and/or processors. However, it will 
be apparent that any suitable distribution of functionality 
between different functional units, circuitry and/or proces 
sors may be used without detracting from the embodiments. 
0167. Described embodiments may be implemented in 
any suitable form including hardware, Software, firmware or 
any combination of these. Described embodiments may 
optionally be implemented at least partly as computer soft 
ware running on one or more data processors and/or digital 
signal processors. The elements and components of any 
embodiment may be physically, functionally and logically 
implemented in any suitable way. Indeed the functionality 
may be implemented in a single unit, in a plurality of units or 
as part of other functional units. As such, the disclosed 
embodiments may be implemented in a single unit or may be 
physically and functionally distributed between different 
units, circuitry and/or processors. 

1. A transmitter for transmitting payload data using 
Orthogonal Frequency Division Multiplexed (OFDM) sym 
bols, the transmitter comprising: 

a frame builder configured to receive the payload data to be 
transmitted and to receive signalling data for use in 
detecting and recovering the payload data at a receiver, 
and to form the payload data with the signalling data into 
frames for transmission, 
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a modulator configured to modulate a first OFDM symbol 
with the signalling data forming a part of each of the 
frames and to modulate one or more second OFDM 
symbols with the payload data to form one or more of the 
frames, and 

a transmission unit configured to transmit the first and the 
one or more second OFDM symbols, wherein the first 
OFDM symbol is of a first type having a number of 
Sub-carriers which is less than or equal to a number of 
sub-carriers of the one or more second OFDM symbols 
of a second type and a guard interval for the first OFDM 
symbol is selected in dependence upon a longest pos 
sible guard interval of the one or more second OFDM 
symbols, wherein said longest possible guard interval is 
in a finite set of possible guard intervals. 

2. The transmitter as claimed in claim 1, wherein the num 
ber of sub-carriers of the first OFDM symbol is selected in 
dependence upon a duration of the selected guard interval. 

3. The transmitter as claimed in claim 1, wherein the num 
ber of sub-carriers of the first OFDM symbol is selected to 
increase a likelihood of a receiver being able to detect and 
recover the signalling data from the first OFDM symbol and 
the number of sub-carriers of the one or more second OFDM 
symbols is selected to maximize spectral efficiency. 

4. The transmitter as claimed in claim 1, wherein the num 
ber of sub-carriers in the one or more second OFDM symbols 
is Substantially thirty two thousand, sixteen thousand or eight 
thousand, and the number of sub-carriers of the first OFDM 
symbol is substantially eight thousand. 

5. The transmitter as claimed in claim 4, wherein the guard 
interval is 57/128 of a duration of the first OFDM symbol. 

6. The transmitteras claimed in claim 4, whereina duration 
of said guard interval is the same as the longest duration guard 
interval for the one or more second OFDM symbols. 

7. The transmitter as claimed in claim 1, wherein the sig 
nalling data is encoded with a first error correction code and 
the payload data is encoded with at least one other error 
correction code, an encoding rate of the first error correction 
code being lower than an encoding rate of the at least one 
other error correction code. 

8. The transmitter as claimed in claim 7, wherein the sig 
nalling data is encoded with an error correction code, an 
encoding rate of the error correction code being lower than 
rate one quarter. 

9. A method of transmitting payload data using Orthogonal 
Frequency Division Multiplexed (OFDM) symbols, the 
method comprising: 

receiving the payload data to be transmitted; 
receiving signalling data for use in detecting and recover 

ing the payload data to be transmitted at a receiver; 
forming the payload data with the signalling data into 

frames for transmission; 
modulating a first OFDM symbol with the signalling data 

forming a part of each of the frames and modulating one 
or more second OFDM symbols with the payload data to 
form one or more of the frames; and 

transmitting by circuitry the first OFDM symbol and the 
one or more second OFDM symbols, wherein the first 
OFDM symbol is of a first type having a number of 
Sub-carriers which is less than or equal to a number of 
sub-carriers of the one or more second OFDM symbols 
of a second type, wherein the transmitting step includes 

selecting, from a finite set of available guard intervals, a 
guard interval for the first OFDM symbol depending 
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upon the maximum allowable duration of the guard 
interval useable for the one or more second OFDM 
symbols. 

10. The method as claimed in claim 9, wherein the step of 
selecting the guard interval for the first OFDM symbol 
includes selecting the number of sub-carriers of the first 
OFDM symbol in dependence upon the size of the selected 
guard interval. 

11. The method as claimed in claim 9, wherein the step of 
selecting the guard interval for the first OFDM symbol 
includes selecting the number of sub-carriers of the first 
OFDM symbol to increase a likelihood of a receiver being 
able to detect and recover the signalling data from the first 
OFDM symbol, wherein the method further comprises select 
ing the number of Sub-carriers of the one or more second 
OFDM symbols to maximize spectral efficiency. 

12. The method as claimed in claim 9, wherein the step of 
selecting the number of Sub-carriers of the one or more sec 
ond OFDM symbols includes selecting the number of sub 
carriers in the one or more second OFDM symbols to be 
Substantially thirty two thousand, sixteen thousand, or eight 
thousand, and the step of selecting the number of Sub-carriers 
of the first OFDM symbol comprises selecting the number of 
sub-carriers of the first OFDM symbol to be substantially 
eight thousand. 

13. The method as claimed in claim 12, wherein the step of 
selecting the guard interval comprises selecting the guard 
interval to be 57/128 of the duration of the first OFDM sym 
bol. 

14. The method as claimed in claim 12, further comprising 
selecting the duration of said guard interval to be the same as 
the longest duration guard interval for the one or more second 
OFDM symbols. 

15. The method as claimed in claim 9, further comprising: 
encoding the signalling data with a first error correction 

code; and 
encoding the payload data with at least one other error 

correction code, an encoding rate of the first error cor 
rection code being lower than an encoding rate of the at 
least one other error correction code. 

16. The method as claimed in claim 15, further comprising: 
encoding the signalling data with an error correction code, 

an encoding rate of the error correction code being lower 
than rate one quarter. 

17. A receiver for detecting and recovering payload data 
from a received signal, the receiver comprising: 

a detector configured to detect the received signal, the 
received signal comprising the payload data and signal 
ling data for use in detecting and recovering the payload 
data, the signalling data and the payload data forming 
frames in the received signal, the signalling data in each 
frame being carried by a first Orthogonal Frequency 
Division Multiplexed (OFDM) symbol, and the payload 
data being carried by one or more second OFDM sym 
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bols, wherein the first OFDM symbol has a number of 
Sub-carriers which is less than or equal to a number of 
sub-carriers of the one or more second OFDM symbols 
and a guard interval for the first OFDM symbol having 
been arranged independence upon the maximum allow 
able duration of the guard interval useable for the one or 
more second OFDM symbols from a finite set of guard 
intervals; and 

a demodulator configured to detect the first OFDM symbol 
and the second one or more OFDM symbols and to 
recover the signalling data from the first OFDM symbol 
in the presence of the guard interval using a forward 
Fourier transform with respect to the number of sub 
carriers of the first OFDM symbol and using the signal 
ling data to recover the payload data from the second one 
or more OFDM symbols. 

18. The receiver as claimed in claim 17, wherein the num 
ber of sub-carriers of the first OFDM symbol has been deter 
mined in dependence upon the size of the arranged guard 
interval. 

19. The receiver as claimed in claim 17, wherein the num 
ber of sub-carriers in the one or more second OFDM symbols 
is Substantially thirty two thousand, sixteenthousand, or eight 
thousand, and the number of sub-carriers of the first OFDM 
symbol is Substantially eight thousand. 

20. The receiver as claimed in claim 19, wherein the guard 
interval 57/128 of a duration of the first OFDM symbol. 

21. The receiver as claimed in claim 20, wherein the dura 
tion of said guard interval is the same as the longest duration 
guard interval available for the one or more second OFDM 
symbols. 

22. A method of detecting and recovering payload data 
from a received signal, the method comprising: 

detecting the received signal, the received signal compris 
ing the payload data and signalling data for use in detect 
ing and recovering the payload data, the signalling data 
and the payload data forming frames in the received 
signal, the signalling data in each frame being carried by 
a first Orthogonal Frequency Division Multiplexed 
(OFDM) symbol, and the payload data being carried by 
one or more second OFDM symbols and a guard interval 
for the first OFDM symbol having been arranged in 
dependence upon the maximum allowable duration of 
the guard interval useable for the one or more second 
OFDM symbols from a finite set of guard intervals: 

demodulating by circuitry the first OFDM symbol and the 
second one or more OFDM symbols to recover the sig 
nalling data from the first OFDM symbol in the presence 
of the guard interval using a forward Fourier transform 
with respect to the number of sub-carriers of the first 
OFDM symbol; and 

using the signalling data to recover the payload data from 
the one or more second OFDM symbols. 
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