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At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy.
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VERY LONG FRAME

The present invention relates to communication via a series of bidirectional frames.

A wireless network may be configured to operate without having been specifically
allocated any part of the electromagnetic spectrum. Such a network may be
permitted to operate in so-called whitespace: a part of the spectrum that is made
available for unlicensed or opportunistic access. Typically whitespace is found in the
UHF TV band and spans 450MHz to 800MHz, depending on the country. A large
amount of spectrum has been made available for unlicensed wireless systems in this

frequency range.

A problem with operating in whitespace is that the available bandwidth is variable
and cannot be guaranteed. These limitations are well-matched to the capabilities of
machine-to-machine networks in which there is no human interaction. Machine-to-
machine networks are typically tolerant of delays, dropped connections and high

latency communications.

Any network operating in the UHF TV band has to be able to coexist with analogue
and digital television broadcast transmitters. The density of the active television
channels in any given location is relatively low (resulting in the availability of
whitespace that can be used by unlicensed systems). The FCC has mandated that
systems operating in the whitespace must reference a database that determines
which channels may be used in any given location. This is intended to avoid
interference with the TV transmissions and certain other incumbent systems such as

wireless microphones.

The whitespace database does not include information about every possible source
of interference. For example, a television transmitter may be intended to broadcast to
only a particular coverage area, but may in fact leak into nearby areas in which the
frequencies being used by that transmitter appear, at least from the whitespace

database, to be available for unlicensed use. Transmissions from major TV stations




can in fact be well above the thermal noise at distances of 100km from the station.
Although the signal from such a transmitter may not be strong enough to be reliably
received by television antennas in nearby areas, it is often strong enough to cause
severe interference to a whitespace network operating in those areas. This
interference may affect base stations especially, particularly if they have elevated
antennas (which many have in order to increase their coverage area). On nominally
free channels, reception is more likely to be dominated by distant TV broadcasts than
thermal noise, especially in rural regions. This interference can render many of the

whitespace channels unusable or severely compromised.

Further sources of interference may include: spurious emissions from nearby TV
transmitters; devices operating in other wireless networks, such as Wi-Fi devices,
wireless microphones, and other unlicensed users operating in whitespace; and
unintended emissions of devices that are not part of a wireless network, e.g. spurious

emissions from faulty electric drills.

Another problem with the database system is that increased sun spot activity tends to
create abnormal propagation conditions at UHF. These abnormal propagation
conditions may render some of the information in the database irrelevant, so that the

database approach becomes decreasingly robust.

Often interference is localised, so that while the ability of some terminals to receive
information on one or more frequencies is negatively impacted, the other terminals in
a cell may be unaffected. Terminals attached to the same base station may therefore
have different communication capabilities due to extrinsic factors. In addition, some
of the terminals may have intrinsically different communication capabilities due to
their physical attributes like antenna type, circuitry etc. This is particularly true in
machine-to-machine networks, which may be formed of cells covering a large

geographical area and comprising a large number of different devices.

Another problem faced in the implementation of communication networks, particularly
wireless networks, is that terminals often have power constraints. For example

mobile terminals are commonly battery powered, and not all fixed terminals have




easy access to a mains electricity supply, for example due to being located in remote
or inaccessible places. A way of improving power efficiency in a terminal is for it to
enter a low power “sleep” mode whenever it is not actively engaged in
communication. However this creates a new problem if the terminal is required to
rapidly “wake up” and begin communicating at an unscheduled time since it takes
time to come out of sleep mode and acquire or re-engage with a network. A terminal
will typically be required to receive and interpret some control information transmitted
by a base station or access point before it can commence communication over a

network.

There is therefore a need for a method of communicating over a network with limited

available bandwidth without unduly restricting access to the network..

According to a first embodiment of the invention, there is provided a communication
device configured to communicate according to a protocol in which data is
communicated via a series of frames, and every frame comprises: a downlink portion
for transmissions by the communication device, said downlink portion comprising a
control portion; and an uplink portion for transmissions to the commurication device;

and the duration of each frame is greater than one second.

The communication device may be configured to communicate via a series of
frames, each frame having the same duration, that duration being, for example, 2

seconds.

The communication device may be configured to transmit the control portion of each
frame using 'a relatively low data rate so as to maximise the likelihood of the control
portion being successfully received by a terminal. That data rate may be the lowest
data rate supported by the communication device.

The communication device may be configured to communicate with a plurality of
terminals. It may be configured to transmit the control portion of each frame using the

lowest data rate required by the plurality of terminals, or using the lowest data rate




required by all terminals connected to a cell with which the communication device is

associated.

The communication device as may be configured to arrange the downlink portion of
each frame so that every downlink portion comprises: a control portion; and a data
portion. The communication device may be configured to arrange the data portion of
the downlink portion of each frame so that the data portion of each frame comprises
a series of time slots, the communication device being configured to: allocate a time
slot to a communication with a terminal; and communicate with that terminal in the

allocated time slot.

The communication device may be configured to communicate via a wireless
network. That wireless network could operate in whitespace and may be configured

for machine-to-machine communication.

According to a second aspect of the present invention, there is provided a method for
communicating via a series of frames, by arranging each frame so that every frame
comprises: a downlink portion, said downlink portion comprising a control portion;
and an uplink portion; the total duration of each frame being greater than one

second.

For a better understanding of the present invention, reference is made by way of

example to the following figures, in which:

Figure 1 shows an example of a machine-to-machine network;

Figure 2 shows an example of a frame structure; and

Figure 3 shows an example of a communication device.

The following description is presented to enable any person skilled in the art to make

and use the system, and is provided in the context of a particular application. Various




modifications to the disclosed embodiments will be readily apparent to those skilled
in the art.

The general principles defined herein may be applied to other embodiments and
applications without departing from the spirit and scope of the present invention.
Thus, the present invention is not intended to be limited to the embodiments shown,
but is to be accorded the widest scope consistent with the principles and features

disclosed herein.

In one embodiment of the invention, a communication device may communicate via a
series of very long bidirectional frames. That is, each frame may contain at least a
downlink portion for the communication device to transmit information to a terminal or
terminals on, that information including control information, and an uplink portion in
which one or more terminals may transmit to the communication device; and the
duration of each frame may be greater than one second. The downlink portion may

comprise both the control information portion and a data portion.

In communication networks with limited available bandwidth, and particularly where
bandwidth availability is not guaranteed and can therefore be highly dynamic (such
as whitespace networks) the need for re-transmissions can be reduced by spreading
the data with a spreading code to increase its robustness, however this can result in
a low data rate. It may also be necessary to use large spreading factors and
therefore low data rates for communicating over long distances, for example if a base
station has a wide coverage area. However if a low data rate is used with, for
example, a conventional MAC (medium access control) frame for mobile wireless
communication (each frame being of the order of 1-10ms in length), not very much

information can be conveyed in each frame.

In networks where some of the terminals need to make use of sleep modes
transmitting control information regularly, ideally in every frame, means that terminals
can acquire or re-connect to the network rapidly on waking. This can be highly

advantageous if, for example, one or both of such a terminal and a base station are




mobile and they are only within range of one another for brief periods, or if a new

terminal needs to connect to the network in order to convey some urgent information.

~ Transmitting control information in every frame or a high proportion of frames can
also allow terminals to spend a higher proportion of time in sleep mode, thus
reducing power consumption and extending battery life. For example if a terminal
receives control information informing it of when the next communication allocated to
it will be it can immediately enter sleep mode with wake-up scheduled for

immediately before the time allocated for that communication.

However control information, particularly if comprehensive enough to provide all the
information required for a terminal to acquire or re-connect to a network in only one
frame, has a high overhead. Such control information alone could take up, for
example, approximately 100 bytes. Bidirectional frames also need to accommodate
uplink communications, and often other data than just the control information needs

to be transmitted in the downlink portion of each frame.

If data rates are restricted by limited: available bandwidth it could take 0.1ms to
transmit each bit. Therefore 200ms could be required just to transmit 2000 bits of
control information. Consequently a typical MAC frame of duration 1-10ms is not
adequate. In the system described herein, this problem is addressed by providing
frames of an exceptionally long duration: greater than one second. For a machine-to-
machine network operating in whitespace, a suitable frame duration might even be of

the order of 2 seconds.

A communication device may be configured to transmit the control portion using a
relatively low data rate so as to maximise the likelihood of the plurality of terminals
being able to receive at least the control portion of the frame. Preferably the relatively
low data rate is the lowest data rate associated with the plurality of terminals for
which the control portion is intended (which may be all of the terminals connected to
the cell with which the communication device is associated) or it may simply be the
lowest data rate that the communication device is capable of supporting. The lowest

data rate may be generated by means of the highest spreading factor.




The communication device may be configured to communicate with a plurality of
terminals by means of a series of periodic communications having a predetermined
structure. A single instance of that periodic communication structure may be termed

a “frame”. A typical frame may start with a preamble and end with an uplink section.

One or more embodiments of the invention will now be described with specific
reference to a wireless network in which the communication device is a base station.
This is for the purposes of example only and it should be understood that the
broadcast mechanisms described herein may be implemented in any suitable
communication device, irrespective of what particular role that device plays within the

network.

An example of a wireless network is shown in Figure 1. The network, shown
generally at 104, comprises one or more base stations 105 that are each capable of
communicating wirelessly with a number of terminals 106. Each base station may be
arranged to communicate with terminals that are located within a particular
geographical area or cell. The base stationis transmit to and receive radio signals
from the terminals. The terminals are suitably entities embedded in machines or
similar that communicate with the base stations. Suitably the wireless network is
arranged to operate in a master-slave mode where the base station is the master and

the terminals are the slaves.

The base station controller 107 is a device that provides a single point of
communication to the base stations and then distributes the information received to
other network elements as required. That is, the network is based around a many-to-
one communication model. The network may be arranged to communicate with a
client-facing portion 101 via the internet 102. In this way a client may provide

services to the terminals via the wireless network.

Other logical network elements shown in this example are:
e Core network. This routes traffic information between base stations and client

networks.




e Billing system. This records utilisation levels and generates appropriate billing
data.

e Authentication system. This holds terminal and base station authentication
information.

e Location register. This retains the last known location of the terminals.

¢ Broadcast register. This retains information on group membership and can be
used to store and process acknowledgements to broadcast messages.

e Operations and maintenance centre (OMC). This monitors the function of the
network and raises alarms when errors are detected. It also manages
frequency and code planning, load balancing and other operational aspects of
the network.

e Whitespace database. This provides information on the available whitespace
spectrum.

¢ Client information portal. This allows clients to determine data such as the

status of associated terminals, levels of traffic etc.

In practice, many of the logical network elements may be implemented as databases
running software and can be provided on a wide range of platforms. A number of

network elements may be physically located within the same platform.

A network such as that shown in Figure 1 may be used for machine-to-machine
communications, i.e. communications that do not involve human interaction.
Machine-to-machine communications are well-matched to the limitations of operating
in whitespace, in which the bandwidth available to the network may vary from one
location to another and also from one time instant to the next. As the network does
not have any specific part of the spectrum allocated to it, even unallocated parts of
the spectrum may become unavailable, e.g. due to a device in the vicinity that is
operating outside of the network but using the same part of the spectrum. Machines
are able to tolerate the delays and breaks in communication that can result from
these varying communication conditions. Services can be provided in non real-time;

low latency is not important as long as data is reliably delivered.




The network preferably employs frequency hopping as a tool for both avoiding
interferers and for avoiding causing interference to other users. Frequency hopping
may advantageously:

e Minimise the interference to TV reception since no downlink will be
permanently causing interference to any given TV receiver.

e Reduce the probability of the terminal being in a long-term fade (lasting
multiple frames) and hence provide a form of interleaving that enables more
efficient error correction to be used.

A suitable hopping rate for the downlink channels may be the frame rate, so that
each frame is transmitted on a different frequency from the preceding frame. The
frames for a network designed to operate in whitespace for machine-to-machine
communication may be particularly long. In one example the frames may each be 2
seconds long, giving a frequency hop on the downlink every 2 seconds (which is 30
hops per minute). Frequency hopping sequences may be coordinated over
neighbouring base stations to try to minimise instances in which neighbouring base
stations are transmitting on the same frequency. One straightforward option is for
base stations to use the group of available frequencies in either ascending or
descending order, with each base station applying a different offset to the sequence
and so commencing its respective sequence on a different frequency from other base

stations.

In one embodiment, the network may use medium access control (MAC) to share the
same radio resource between multiple terminals. An example of a suitable frame
structure is shown in Figure 2. The frame (shown generally at 201) comprises time to
ramp-up to full output power 202 (T_IFS), a synchronisation burst 203 (DL_SYNC),
an information field providing the subsequent channel structure 204 (DL_FCH), a
map of which information is intended for which terminal 205 (DL_MAP), a field to
allow acknowledgement of previous uplink transmissions 206 (DL_ACK) and then the
actual information to be sent to terminals 207 (DL_ALLOC). There is then a guard
period for ramp-down of the downlink and ramp-up on the uplink 208 (T_SW),
followed by the allocated uplink data transmissions 210 (UL_ALLOC) in parallel with

channels set aside for uplink contended access 209 (UL_CA).
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Each frame may be broadly divided into control fields, such as DL_SYNC, DL_FCH,
DL_MAP and DL_ACK, which impart information to the terminals about the function
of the network and the arrangement of the frame, and data fields, such as
DL_ALLOC, UL_ALLOC and UL_CA that are used to transfer actual information
between the base station and the terminals. Preferably the base station transmits the
control fields using a mode that is appropriate for all of the terminals that the frame is
intended for, so that (as far as possible) all of the terminals who wish to receive that

control information are capable of doing so.

The data rate in the protocol can be variable, but the protocol is capable of
supporting a particularly low minimum data rate. For example, the minimum
instantaneous data rate (over the air) can be 100 bits per second or less. This would
be inadequate for most applications, but in the case of machine-to-machine
communications a data rate of this type is adequate for many purposes and can

improve tolerance to interferers.

Preferably, the data rate selected for transmission may be the lowest data rate
required by any of the terminals for which the frame is intended or more generally for
any of the terminals in the cell, Alternatively the lowest data rate that the base station
is capable of transmitting with may be selected. For some cases, the lowest data rate

may be achieved by employing the highest spreading factor.

It may be particularly advantageous for one or more of the control fields to be
transmitted at the lowest data rate supported by the base station. This will assist all
terminals to receive those fields, even those that have not yet attached and for which
the base station has no information. The uplink CA slots, on the other hand, may be
transmitted using the lowest data rate supported in the cell, or another data rate.

The DL_FCH may include information to enable the terminals to determine the
hopping sequence. The DL_FCH may include a list of the frequencies that are
included in the sequence. If the frequency hopping sequence is just an
ascending/descending sequence, one efficient way of communicating it is by means

of a channel map, with a bit being set if the channel is in use in the base station. The
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DL_FCH may also include a MAC Frame count (16-bit) enabling terminals to
determine where the base station is in its hopping pattern. Finally, the DL_FCH may
indicate the spreading factor used for transmitting the DL_MAP.

The DL_MAP informs terminals as to whether there is any information for them in the
frame and whether they have an uplink slot reserved for them to transmit information.
It comprises a table of terminal identities, the number of slots that their information is
spread over and the transmission mode and spreading factors used. All terminals
monitoring the frame decode this field to determine whether they need to decode
subsequent information. The length of the DL_MAP may be included as part of the
DL _FCH, as may the spreading factor used to transmit it. The base station may
select the spreading factor for the DL_MAP to be that corresponding to the lowest bit
rate required by terminals connected to the base station or that corresponding to the
lowest bit rate supported by the base station. A terminal can determine the position of
its assigned slots from the DL_MAP by adding up the number of slots allocated in

prior rows in the table.

On the uplink the siots may be numbered from 0 to n on the first FDMA channel, then
on the subsequent FDMA channel and so on. The terminal can determine how many
slots there are each channel from the length of the frame available for the uplink (that
remaining after completion of the downlink) divided by the length of each slot. If a
terminal has data requiring multiple slots it would normally be given these
consecutively on the same carrier as this both simplifies the terminal transmission
and minimises the control information required to describe the slot location. However,
it is possible to give the terminal multiple allocations on different carriers (so long as

they are not simultaneous) to achieve frequency hopping on the uplink.

The base station may be configured to communicate with one or more terminals in
the cell at regular, predetermined intervals. Scheduling communications in this way
may be advantageous in machine-to-machine networks, in which the terminals are
often devices having small batteries. By scheduling communications at regular,
predetermined intervals, terminals can enter a sleep mode between communications

and only wake-up when a communication is expected.
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Each of the cells into which the network may be divided will typically cover a large
geographical area. The number of terminals located within each cell will therefore be
large, and different terminals in the same cell will tend to be subjected to different
interference conditions as a consequence of their different positions within the cell.
Some terminals may be subject to localised interference, e.g. because of an
interferer in the terminal’'s immediate vicinity or because the terminal is located close
to a cell boundary. Some terminals may be subject to interference on a particular
frequency in the frequency hopping sequence. Any interference will tend to affect a
terminals ability to communicate, particularly its reception capability. The terminals
may also differ in their ability to communicate as a consequence of differences
inherent in their construction (e.g. as a consequence of different receive circuitry,

antenna type, antenna height etc).

Interference from other users that may affect a terminal’'s ability to communicate
includes emissions from licensed users, like signals from far-distant TV transmitters
or spurious emissions from nearby TV transmitters. Other sources of potential
interference may include devices operating in other wireless networks, such as Wi-Fi
devices, wireless microphones, and other unlicensed users operating in whitespace.
Interference may also be caused by the unintended emissions of devices that are not

part of a wireless network, e.g. spurious emissions from faulty electric drills.

TDMA (time division multiple access) may be used to divide the channel between
multiple users. The channel may be divided in time into downlink and uplink
elements, so for part of the time the base station will be transmitting on a channel
and for the remainder it will be listening on the same channel. The downlink channel
will therefore operate for part of the duration of the frame (as shown in Figure 3), the
base station ceasing transmission to enable the terminals to transmit. The time frame
for bursts as measured from the start of one downlink transmission to the start of the
next is at least 1 second and suitably 2 seconds. The duty cycle may be variable and
selected by the base station to best manage the resources on a frame-by-frame
basis. In order to keep spurious emissions under control, a ramp-up and ramp-down

process is preferably applied to each burst. As an example, 250us may be allowed
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for this process between the uplink and the downlink, and 150us may be allowed
between the downlink and the uplink.

In all modes, the downlink channels may be frequency hopped at a rate of 1 hop per

2 seconds (30 hops per minute) using a pre-defined hopping sequence.

Error correction may be overlaid onto the data transmission at either a rate % or %
depending on the SNR. Suitable coding methods might be convolutional codes for
longer packets and Golay codes for shorter packets.

Scrambling may be added to prevent certain data patterns occurring which might be
problematic for the system, such as long strings of 0. The scrambling sequence may
be derived from a linear feedback shift register taking as its input the frame number
and current channel number. The latter avoids the decoding of channels on different
frequencies which have been accidentally translated to the current frequency through
image problems within the terminal.

The downlink channels may be designed to fit within TV channels with minimal
adjacent channel leakage. The channels may be 8MHz wide, suitably with a 5MHz
core bandwidth. Filtering may be used to achieve the required roll off (e.g. by using a
root-raised cosine with B=0.4). Transmissions may be delivered on a single carrier
designed to fit within the TV channels with minimal adjacent channel leakage.
Multiple channels can be used within the same base station if required and if there is
sufficient spectrum availability. If multiple channels are deployed there will typically
be no signalling coordination between them, although their timing and hopping
sequences could be coordinated.

The uplink could be based on multiple narrow channels allocated on a frequency
division basis (see Figure 3). Each channel could be 48 kHz wide and channel centre
frequencies may be separated by 48 kHz. The channels may be filtered using root
raised cosine (with, for example, B=0.4). Channels may be transmitted on a TDD

(time division duplex) burst basis to fit in with the downlink operation. A ramp-up and
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ramp-down process may be used to keep adjacent channel emissions to a minimum.

This may be achieved using a simple linear ramp.

Reception starts by detecting the presence of a carrier and searching for the
downlink synchronisation burst. This is suitably a synchronisation word consisting of
48 symbols of alternating 0 and 1 followed by a 32-bit synchronisation word using
concatenated codes. The codes may be Barker codes selected from one of 8
possible sequences. Sequences are preferably selected so that neighbouring base
stations use different codes, reducing the probability of interference between them.
The total burst may last 2.56ms and enable terminals to lock to the carrier and the
basic timing of the burst. They are then able to decode the frame configuration
header which provides a range of information such as the base station identity and
channel map (as described above). Terminals with no pre-knowledge of channels will
search all available whitespace channels until they find a carrier. Terminals that have
previously acquired a carrier may be able to determine the expected location of the

carrier or a subset of possible carriers and reduce their search accordingly.

Spreading may be used in order to extend the range (at the expense of data rates). A
wide range of spreading factors is available to tailor the data rate to the propagation

conditions.

Spreading codes also provide an additional tool to overcome the absence of
frequency planning between base stations. Neighbouring base stations may be
allocated different subsets of the same codes such that when they do transmit on the
same frequency there is still some possibility for the terminals to decode the signal
intended for them. The worst interference is likely to occur at a cell edge where the
interfering signal can be almost as strong as the wanted signal. At a cell edge it is
likely that the SNR will be low. Therefore, the base station may be configured to
select a higher spreading factor for communications with terminals it determines to
be located near the cell boundary. This makes it possible to make use of code

diversity.
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Spreading codes could be applied on a TDMA basis with different codes being
applied to each terminal according to its SNR. The selection of spreading code is

made by the base station according to channel quality information returned from the

terminal.

The spreading codes are of length 2N-1 and are defined as follows:

Spreading factor Code type Number of codes
15 Kasami 4

31 Gold 32

63 Gold 64

127 Gold 128

255 Kasami 16

511 Gold 512

1023 Gold 1024

These code sets have very good auto-correlation and cross-correlation properties,
making them suitable for use with channels that have severe multipath and
for use with multi-code spreading to convey multiple bits per symbol. As shown in
the table above, there are fewer such codes for Kasami code sets than for Gold code

sets, but the Gold codes are not available for all spreading factors.

The spreading factor used by a base station depends on the required processing
gain to provide the necessary range for that cell. Some control fields within the MAC
frame are preferably sent with the maximum spreading factor to ensure that all
terminals can receive the control information (as discussed above). However, it is
inefficient for a base station to use a spreading factor that is unnecessarily high and,
therefore, for other portions of the frame the base station preferably selects a
spreading factor that is tailored to the reception capabilities of the particular

terminal(s) for whom that portion of the frame is intended.

The data may be initially encoded using BPSK (using 1 bit per symbol) or QPSK
(using 2 bits per symbol). The selected spreading code may be applied separately to
the 1 and Q components of each symbol. BPSK can be used to provide some extra
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processing gain when operating at the maximum supported spreading factor, in
preference to doubling the spreading factor. In other cases, better performance may
be achieved by using QPSK with a spreading factor that is twice as large to achieve

the same overall data rate.

The base station may opt to use multiple codes rather than just a single code. For
multi-code spreading there are an additional n bits per symbol encoded using a 1 in
2" code selection from the available codes, in addition to the 2 encoded bits per
symbol for the QPSK constellation. The selected codes may be used to separately

modulate the | and Q data, as before.

The use of multiple codes to convey additional bits per symbol improves the E,/Ng
performance of the modulation. Effectively, it is a form of coding. The improvement
may be diluted by the addition of FEC (forward error correction coding) because the
coding gain of FEC is lower for multi-code modulation (because the underlying
modulation is already more efficient). Nonetheless, there are significant Ep/Ng
benefits in using a 1 in 4 code selection, such that a total of 4 bits are transmitted per
symbol including the 2 bits for the QPSK modulation. It also allows the use of larger
spreading factors for a given data rate, which improves the performance of a Rake
receiver by allowing the length of the spreading codes to exceed the delay of all
significant multipath components. The drawback is that multiple correlators are
required in the receiver, but for a 1 in 4 code selection this is not a big overhead

given that chip timing is known at this stage of the decoding process.

Carrier phase tracking may be required, likewise a Rake receiver and Rake finger
tracking (i.e. channel impulse response tracking). This means that it can be suitable
for use with channels that are varying a rate that is less than roughly 1/10" of the

symbol rate.

The spreading gain in the transmission could be used in order to be able to receive a
signal in poor SNR conditions. This method also benefits from Rake equalisation as

widely used in CDMA systems such as 3G. Rake reception convolves the received
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signal with the spreading code to determine the timing, phase and magnitude of each

path. The receiver can use this knowledge to construct an equaliser.

Further range extension may be provided for situations in which the SNR is
extremely low. This might be suitable, for example, for reading energy meters located

in basements or remote dwellings.

The simple modulation scheme NC OFK could be used. Under this modulation
scheme the receiver does not need to maintain carrier lock, but simply looks at the
difference between consecutive symbols (rather than their absolute values). This
allows operation at very low SNR levels, albeit at relatively low data rates and with

some penalties in BER as a result of the use of differential coding.

The spreading code may be used directly to form the | and Q signals, without any
additional BPSK or QPSK modulation. A convenient implementation is simply to
apply the same modulator as discussed above, but either to fix the phase at a single
QPSK constellation point, for example (1+)), or to fix the phase at a single BPSK
constellation point, for example (1+0)).

Since there is no phase modulation to encode data bits, all information is conveyed
using code selection. So to transmit n bits per symbol, a 1 in 2" code selection can be
used for each symbol. Therefore, a minimum of 2 codes should be used, in order to
convey 1 bit per symbol. There are significant Ep/Ny benefits in using larger values of
n. Typical values of n are 2 and 4, corresponding to a 1 in 4 or a 1 in 16 code

selection respectively.

Since there is no phase information, the receiver does not need to track carrier phase
and can instead apply a magnitude operation to the output of each correlator to
determine the most likely transmitted code. In other words, this kind of modulation
supports a fully non-coherent receiver. This means that the modulation is robust to
channels whose phase is varying at a rate that is approaching the symbol rate, and
so is suitable for use with very high spreading factors. In the case that the channel

phase is varying faster than the symbol rate, it is still possible to demodulate the
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signal by partitioning the correlator integration over each symbol period into a
number of shorter coherent integrations which are then summed incoherently.
Inevitably, there is an E,/Ng performance penalty in doing this, but it does allow very

high processing gains to be used with channels that are not stationary.

Making use of spreading codes to extend the range at the expense of data rate
allows the possibility of neighbouring cells using orthogonal spreading codes, such
that if inter-cell interference occurs on one or more frequencies it may still be
possible for some information to be received by the terminals. For simplicity, all base
stations may make use of the same code sequences but with different offsets. The
assignment of the offset is preferably made such that neighbouring base stations
have assignments that provide the maximum orthogonality. In this way code planning
does not change according to assigned frequencies and so only needs to be altered
when new base stations are added to the network. For example, if the terminal is
operating at a spreading factor of 63, then there are 64 available offsets, of which
each base station will typically use a subset of 4 (assuming a 1 in 4 code selection is
being used to convey 2 bits per symbol). Therefore, in this example, different code

subsets can be allocated to up to 16 neighbouring base stations.

An alternative approach is to use different chip-rate scrambling sequences for each
base station. This approach may result in a lower level of interference suppression
than selecting different code subsets from the available Gold codes, because the

Gold codes have optimum cross-correlation properties.

An example of the functional blocks that may be comprised in a communication
device according to one embodiment of the invention are shown in Figure 3. The
communication device, shown generally at 301, comprises a communication unit 303

connected to an antenna 302 for transmitting and receiving messages.

The apparatus shown in Figure 3 is shown illustratively as comprising a number of
interconnected functional blocks. This is for illustrative purposes and is not intended
to define a strict division between different parts of hardware on a chip. In practice,

the communication device preferably uses a microprocessor acting under software
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control for implementing the methods described herein. In some embodiments, the

algorithms may be performed wholly or partly in hardware.

A terminal capable of operating in the wireless network suitably has only a single
antenna in order to maintain a small form factor, simplicity and low energy
consumption. The base station may similarly have only one antenna (as shown, for
example, in Figure 3). However, advantageously a base station may have two

antennas to achieve processing gains.

The applicants hereby disclose in isolation each individual feature described herein
and any combination of two or more such features, to the extent that such features or
combinations are capable of being carried out based on the present specification as
a whole in light of the common general knowledge of a person skilled in the art,
irrespective of whether such features or combinations of features solve any problems
discloses herein, and without limitation to the scope of the claims. The applicants
indicate that aspects of the present invention may consist of any such feature or
combination of features. In view of the foregoing description it will be evident to a
person skilled in the art that various modifications may be made within the scope of

the invention.
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CLAIMS

1. A communication device configured to communicate according to a protocol in
which data is communicated via a series of frames, and every frame comprises:

a downlink portion for transmissions by the communication device, said
downlink portion comprising a control portion; and

an uplink portion for transmissions to the communication device; and

the duration of each frame is greater than one second.

2. A communication device as claimed in claim 1, configured to communicate via

a series of frames, each frame having the same duration.

3. A communication device as claimed in claim 2, configured to communicate via

a series of frames that each have a duration of 2 seconds.

4. A communication device as claimed in any preceding claim, configured to
transmit the control portion of each frame using a relatively low data rate so as to
maximise the likelihood of the control portion rbeing successfully received by a

terminal.

5. A communication device as claimed in any preceding claim, configured to
transmit the control portion using the lowest data rate supported by the

communication device.

6. A communication device as claimed in any preceding claim, configured to

communicate with a plurality of terminals.

7. A communication device as claimed in claim 6 as dependent on any of claims
1 to 4, configured to transmit the control portion of each frame using the lowest data

rate required by the plurality of terminals.

8. A communication device as claimed in claim 6 as dependent on any of claims

1 to 4, configured to transmit the contro!l portion using the lowest data rate required
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by all terminals connected to a cell with which the communication device is

associated.

9. A communication device as claimed in any preceding claim, configured to
arrange the downlink portion of each frame so that every downlink portion comprises:
a control portion; and

a data portion.

10. A communication device as claimed in claim 9, configured to arrange the data

portion of the downlink portion of each frame so that the data portion of each frame

comprises a series of time slots, the communication device being configured to:
allocate a time slot to a communication with a terminal; and

communicate with that terminal in the allocated time slot.

11. A communication device as claimed in any preceding claim, configured to

communicate via a wireless network.

12. A communication device as claimed in claim 11, configured to communicate

via a wireless network that operates in whitespace.

13. A communication device as claimed in claims 11 or 12, configured to
communicate via a wireless network that is configured for machine-to-machine

communication.

14. A method for communicating via a series of frames, by arranging each frame
so that every frame comprises:

a downlink portion, said downlink portion comprising a control portion; and

an uplink portion;

the total duration of each frame being greater than one second.

15. A communication device substantially. as described herein with reference to

the accompanying figures.
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16. A method substantially as described herein with reference to the

accompanying figures.
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