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(54) Wireless communication unit and method for power saving with a power aware link adaption
function

(57) A wireless communication unit (460) comprises
a processor (508) having a power-aware link adaptation
function (540) for selecting an operational mode of the
wireless communication unit (460) to transmit at least
one data packet, the wireless communication unit (460)
characterised in that the processor (508) is configured
to perform, or is operably coupled to, a communication
medium monitoring function that monitors an occupancy
of a communication medium that comprises a plurality
of communication links and, in response to a determi-

nation of the occupancy of the communication medium,
the processor (508) performs link adaptation for at least
one data packet transmission of the wireless communi-
cation unit (460).

In this manner, in the provision of a power-aware
link adaptation concept together with a communication
medium occupancy monitoring function one or more of
several links sharing the same communication medium
can be selected to minimise power consumption within
the wireless communication unit.
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Description

Field of the Invention

[0001] This invention relates to a mechanism for re-
ducing power consumption in a wireless communication
unit, for example, one operating in a wireless local area
network. The invention is applicable to, but not limited
to, reducing power consumption during active transmis-
sions in such networks.

Background of the Invention

[0002] In the field of wireless communication sys-
tems, it is known generally that power may be conserved
by switching off components when they are not in use.
Power conservation is known to be particularly desirable
in battery powered apparatus.
[0003] It is also known that wireless local area net-
work (WLAN) technology is likely to be the access tech-
nology that will carry most of the communication traffic
in the next few years, particularly in key areas such as
home and corporate environments. In the field of WLAN,
a number of applications are considered as critical to its
success, for example, voice over an Internet Protocol
(IP)-based (over) WLAN (VoIPoWLAN) and video over
WLAN.
[0004] For these applications to bring commercial
success to WLAN, it is anticipated that the power con-
sumption of these applications will need to be signifi-
cantly lower than the power consumption currently used
in 2nd generation (2G) or 3rd generation (3G) circuit-
switched voice technology communication units. In par-
ticular, a lower power consumption performance of such
devices will enable the introduction of dual WLAN/Cel-
lular handsets without a battery life penalty.
[0005] However, the reduction of a wireless commu-
nication unit's power consumption is known to be a com-
plex task. The known techniques of reducing power con-
sumption in wireless devices have primarily been tried
and tested in the 2G cellular phone arena. The two pri-
mary power-hungry functions in a wireless communica-
tion device are known to be:

(i) The processor function; and
(ii) The radio frequency power amplifier (PA), when
the wireless communication unit is transmitting ra-
dio frequency signals.

[0006] In classical Power Amplifier (PA) designs, the
power efficiency of the PA decreases as the squared
root of the output power. Therefore, the reduction of PA
consumption is slower than the reduction of transmit
power. An external PA is typically located at the output
of a radio frequency (RF) integrated circuit (IC) that per-
forms a majority of the radio frequency signal manipu-
lation functions (i.e. pre-amplification, radio frequency
conversion, filtering, etc.). The RF IC is typically coupled

to a signal processing IC that performs the signal
processing functions of the wireless communication
unit.
[0007] In the context of reducing power consumption
when transmitting radio frequency signals, it is possible
to reduce power consumption by transmitting at a power
level lower than the maximum provided by the device
or, if the device complies with a standard, allowed by the
standard.
[0008] Clearly, transmission at a reduced RF power
level permits a consequent reduction in the consump-
tion of the Power Amplifier (PA), which (as mentioned
above) represents a significant part of the total trans-
ceiver power consumption.
[0009] Referring now to FIG. 1, a graph 100 illustrates
the relationship between data throughput vs. distance
from a wireless communication unit to its access node.
Similarly, FIG. 2 illustrates a graph 200 of power con-
sumption vs. distance from a wireless communication
unit to its access node.
[0010] When taking these graphs together, it is pos-
sible to identify the benefit of a minimum power strategy
vs. a maximum throughput strategy in terms of the dis-
tance from a wireless communication unit to its access
node, as illustrated in the graph 300 of FIG. 3. In this
case, the total IC power consumption can be reduced
by up to 25% on average, when the wireless communi-
cation unit is able to transmit at minimum output power.
At distances very close to the access node, i.e. the node
between the wireless communication unit and the wire-
line communication network, the wireless communica-
tion unit already transmits at a minimum acceptable
power level when it employs power control. Hence, the
wireless communication unit is unable to benefit from
any further power consumption improvement.
[0011] At large distances between the transmitting
wireless communication unit and its access node, the
transmitting wireless communication unit has to transmit
at full power to access the wireline communication net-
work. Between those extreme cases, it is possible for
the transmitting wireless communication unit to trade-
off throughput for power consumption. This means that
the transmitting wireless communication unit is able to
occupy the communication channel for a longer time to
transmit a data packet, whilst reducing the total energy
consumed for that data packet transmission.
[0012] An alternative method of reducing transmit
power consists of keeping the wireless communication
unit in an 'idle' mode of operation when there is no traffic
to transmit, and to aggregate the data when the traffic
is intermittent/bursty in nature. This provides a reduction
in the number of transmission attempts, albeit at the ex-
pense of increased delay. Such a technique is described
in US Patents: US 6,285,892 and US 6,192,230. It is
also known that IEEE802.11 Distributed Coordination
Function (DCF), Pointed Coordination Function (PCF)
and Hybrid Coordination Function (HCF) and HIPER-
LAN/2 standards implement such mechanisms. Howev-
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er, this mechanism does not reduce the power con-
sumption in active transmission mode. Therefore, in
many applications, such as large file transfer or VoIP
without silence suppression, where the traffic is not
bursty, the wireless communication unit is unable to en-
ter an idle mode and the above 'intermittent transmis-
sion' method does not provide any power saving.
[0013] A known further alternative method is to em-
ploy transmit power control, as described in the docu-
ment titled: "Performance of optimum transmitter power
control in cellular radio systems", authored by Zander,
J. and published in the IEEE Transactions on Vehicular
Technology, Volume: 41 Issue: 1, Feb. 1992, Page(s):
57-62. In current systems, various bit rates can be
achieved by selecting a mode from a set of operational
modes. An operational mode corresponds to a different
bit rate and typically consists of the association of a con-
stellation and a coding rate. Each operational mode also
requires a different Signal to Noise Ratio (a.k.a. a target
SNR) to meet the Quality of Service (QoS) require-
ments. Power control consists of transmitting at the min-
imum possible power in order to maintain the target
SNR.
[0014] A very recent evolution of this technique is de-
scribed in the paper titled: "Energy-Efficient PCF oper-
ation of IEEE802.11a Wireless LAN", authored by Daji
Qiao et al. and published in the Proceedings of INFO-
COM 2002 [1]. Here, the authors propose to select an
operational mode that minimizes the energy consumed
to transmit a data packet, including taking into account
any re-transmissions.
[0015] However, in [1], the authors assume that trans-
mitting at a lower rate systematically increases power
consumption, as it inevitably increases transmission
time. Consequently, the authors perform only a prelim-
inary investigation into how re-transmissions affect the
power efficiency of the various bit rates.
[0016] Furthermore, the authors fail to investigate in
any detail how such a strategy could be implemented in
practical wireless networks. In addition, the authors con-
sider power saving only on an isolated link, which is typ-
ically an invalid assumption in wireless communication
systems where the communication resource generally
includes many communication links, whose use is often
shared.
[0017] Notably, the authors explicitly state that their
technique cannot be applied to distributed MAC proto-
cols such as the Distributed Coordination Function
(DCF) mode of IEEE802.11, which is the dominant
mode in current WLAN products.
[0018] Thus, there exists a need in the field of the
present invention to provide an improved power con-
sumption mechanism for wireless devices wherein the
abovementioned disadvantages may be alleviated.

Statement of Invention

[0019] In accordance with the present invention, there

is provided a wireless communication unit, an access
node, a wireless centralised access network, a wireless
random access network and a method of reducing pow-
er consumption in a wireless communication unit, as de-
fined in the appended Claims.

Brief Description of the Drawings

[0020]

FIG. 1 illustrates a graph of data throughput vs. dis-
tance from a wireless communication unit to its ac-
cess node;

FIG. 2 illustrates a graph of power consumption vs.
distance from a wireless communication unit to its
access node; and

FIG. 3 illustrates a graph of the gain of the minimum
power strategy vs. the maximum throughput strat-
egy in relation to the distance from a wireless com-
munication unit to its access node.

[0021] Exemplary embodiments of the present inven-
tion will now be described, with reference to the accom-
panying drawings, in which:

FIG. 4 illustrates a simplified block diagram of a
wireless access communication network capable of
supporting the inventive concepts of the present in-
vention;

FIG. 5 illustrates a simplified block diagram of a
wireless communication unit adapted in accord-
ance with the preferred embodiment of the present
invention;

FIG. 6 is a diagram illustrating the concept of power
aware link adaptation in random access networks,
in accordance with a preferred embodiment of the
invention;

FIG. 7 is a diagram illustrating the concept of power-
aware link adaptation in centralized access net-
works, in accordance with a preferred embodiment
of the invention;

FIG. 8 illustrates a graph of data throughput vs. dis-
tance from a wireless communication unit to its ac-
cess node, when implementing a preferred embod-
iment of the invention;

FIG. 9 illustrates a graph of power consumption vs.
distance from a wireless communication unit to its
access node, when implementing a preferred em-
bodiment of the invention;

FIG. 10 illustrates a graph of the gain of the mini-
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mum power strategy vs. the maximum throughput
strategy in relation to the distance from a wireless
communication unit to its access node, when imple-
menting a preferred embodiment of the invention;
and

FIG. 11 illustrates a flowchart of a power saving
process of a wireless communication unit, when im-
plementing a preferred embodiment of the inven-
tion.

Description of Preferred Embodiments

[0022] In summary, the inventive concepts of the
present invention propose a power-saving mechanism
based on power-aware link adaptation, which provides
an enhancement over the technique described in [1].
Advantageously, the power-aware link adaptation con-
cepts of the present invention can be applied to several
links sharing the same communication medium. The
preferred embodiment of the present invention addition-
ally proposes a power-saving mechanism that exploits
the flexibility of both power-aware link-adaptation and a
power saving technique such as transmit power control.
In this regard, power-aware link adaptation enables the
wireless communication unit to switch from one opera-
tional mode to another, and transmit power control is the
manner in which a wireless communication unit optimis-
es its radio frequency (RF) transmit output power.
[0023] The classical approach to link adaptation se-
lects an operational mode that maximizes the system
throughput based on a status of the current (single)
communication link (which can be characterized for in-
stance by SNR) and any QoS requirements. Selecting
an operational mode that maximises the data through-
put means that a transmission of a data packet will reach
its destination much faster.
[0024] However, the inventors of the present inven-
tion have noted that the total energy required to transmit
the data packet is not necessarily minimised due to the
shorter transmission time period. For instance in IEEE
802.11a system, for the same coding rate, transmitting
data in a 64-QAM (quadrature amplitude modulated)
signal can reduce the packet duration by a factor of 1.5
compared to 16-QAM, whereas the transmitted power
in the same scenario is increased by a factor of '10'.
Thus, the inventors of the present invention have rec-
ognised that the total energy consumed by the wireless
communication unit in transmitting a data packet using
a high bit rate operational mode can be larger than the
energy consumed with transmitting the same data pack-
et using a lower bit rate mode.
[0025] Based on this observation, it is envisaged that
a wireless communication unit should be provided with
the ability to select the best operational mode, in terms
of power consumption (battery life), for each new data
packet to be transmitted. In particular, the preferred em-
bodiment of the present invention proposes to couple

this selection of an optimal operational mode to a proc-
ess of monitoring occupancy of a plurality of communi-
cation resources/media/links. This strategy is hereinaf-
ter termed power-aware link adaptation and is illustrated
in greater detail in FIG. 6 and FIG. 7.
[0026] This approach is particularly advantageous in
wireless communication systems where the communi-
cation resource generally includes many communica-
tion links that are shared, between many users. A pre-
ferred application of the present invention is with respect
to distributed medium access control (MAC) layer pro-
tocols, such as the Distributed Coordination Function
(DCF) mode of IEEE802.11. Thus, when applied with
such protocols, the inventive concepts can be applied
in current and future wireless local area network
(WLAN) products.
[0027] Consequently, the inventive concepts of the
present invention offer advantages over the known se-
lection of a best operational mode based on an individ-
ual communication resource, which is ineffective in a
wireless communication scenario. If the bit rate of this
operational mode is lower than the maximum achieva-
ble bit rate, given the link quality, then selecting the en-
ergy-saving mode will increase the total transmission
duration of the packet. Therefore, if a user occupies the
channel for a longer time in order to transmit a given
data packet, then the time available for other users to
transmit will be consequently reduced. This may well
lead to a reduction in data throughput within the com-
munication cell.
[0028] Hence, in an enhanced embodiment of the
present invention, the inventors propose to employ the
aforementioned power-aware link adaptation process
that reduces the energy consumption of the device
whilst simultaneously maximizing cell throughput. An
improvement in system performance is achieved by tak-
ing a medium occupancy criterion into consideration in
the power-aware link adaptation decision.
[0029] Referring now to FIG. 4, a local area (data
communication) network (LAN) 400 is illustrated. A
computer/ communication domain includes a gateway
420 between nodes in the LAN 400 and, say, the Internet
410. In this regard, let us assume the mobile wireless
communication unit 460 is a portable computer that is
able to communicate with the Internet 410 by wirelessly
coupling to any of a number of access nodes 442, 444,
446.
[0030] When the mobile wireless communication unit
460 has logged on to an access node, say access node
446, it is able to access applications from the Internet
or any other connected server 415. This communication
link is set up via a route 475 that encompasses the In-
ternet 410, the gateway 420, and any number of serially-
coupled intermediate routers 430 (not shown for clarity
purposes only) and the access node 446.
[0031] The inventive concepts of the present inven-
tion are further described below with respect to the LAN
being either a random access network or a centralised
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access network. Notably, the wireless communication
unit has been adapted to monitor communication re-
source/medium occupancy within the LAN and apply
this information to a power-aware link adaptation deci-
sion, as described below.
[0032] In addition, the access node 446 comprises a
processor able to determine a power consumption met-
ric relating to substantially each operational mode of a
number of wireless communication unit(s) 460. The
power consumption metric(s) are used by a number of
wireless communication unit(s) 460 in uplink communi-
cations to the access node 446. In this manner, the ac-
cess node 446 allocates a communication medium and
proposes an operational mode to the wireless commu-
nication unit(s) 460 to reduce power consumption there-
in. In an enhanced embodiment of the present invention,
the access node processor is further adapted to allocate
a higher priority power-aware link adaptation and sched-
uling mechanism to those wireless communication units
that are able to save power.
[0033] Referring now to FIG. 5, there is shown a block
diagram of a wireless communication unit 460 capable
of operating on a wireless local area network (WLAN),
which is adapted to support the inventive concepts of
the preferred embodiments of the present invention. As
known in the art, and replicated here for completeness,
the wireless communication unit 460 comprises, for ex-
ample, standard radio frequency components and cir-
cuits, such as an antenna 502 preferably coupled to an
antenna switch 504. The antenna switch 504 provides
isolation between a receiver and a transmitter chain
within the wireless communication unit 460. The receiv-
er chain typically includes receiver front-end circuitry
506 (effectively providing reception, filtering and inter-
mediate or baseband frequency conversion). The front-
end circuitry 506 is serially coupled to a signal process-
ing function 508. An output from the signal processing
function is provided to a suitable output device 511, such
as a liquid crystal display screen. The signal processing
function 508 performs all signal processing functions for
the wireless communication unit 460, including, for ex-
ample, demodulation, de-mapping, bit de-interleaving,
channel estimation and decoding, dependent upon the
communication technology used as known in the art.
[0034] In accordance with the preferred embodiments
of the present invention, the operation of the signal
processing function 508 has been adapted to support
the inventive concepts herein described. In particular,
the signal processing function 508 is operably coupled
to (or contains the functionality of) a power-aware link
adaptation function 540 as described below with refer-
ence to FIG. 6 and FIG. 7.
[0035] For completeness, the receiver chain also in-
cludes received signal strength indicator (RSSI) circuitry
512 coupled to the receiver front-end circuitry 506 and
the signal processing function 508 (generally realised
by a digital signal processor (DSP)). A controller 514,
also coupled to the receiver front-end circuitry 506 and

the signal processing function 508, may therefore re-
ceive bit error rate (BER) or frame error rate (FER) data
from recovered information. The controller 514 is cou-
pled to the memory device 516 for storing operating re-
gimes, such as decoding/encoding functions and the
like. A timer 518 is typically coupled to the controller 514
to control the timing of operations (transmission or re-
ception of time-dependent signals) within the wireless
communication unit 460. In the context of the present
invention, the timer 518 dictates the timing of speech
signals, in the transmit (encoding) path and/or the re-
ceive (decoding) path.
[0036] As regards the transmit chain, as also known
in the art, this essentially includes an input device, such
as a keyboard 521 coupled in series via transmit signal
processor 528 to a transmitter/ modulation circuit 522.
Thereafter, any transmit signal is passed through a pow-
er amplifier 524 to be radiated from the antenna 502.
The transmitter/ modulation circuitry 522 and the power
amplifier 524 are operationally responsive to the con-
troller, with an output from the power amplifier coupled
to the duplex filter or circulator 504. The transmitter/
modulation circuitry 522 and receiver front-end circuitry
506 comprise frequency up-conversion and frequency
down-conversion functions (not shown).
[0037] In particular, an enhanced embodiment of the
present invention is described with reference to a wire-
less communication unit adapted to implement power-
aware link adaptation based on communication medium
occupancy, together with information on one or more of
the following parameters:

(i) The performance characteristics of the wireless
communication unit itself, for example its power
characteristics such as user power profile, battery
status, etc.
(ii) A communication link performance between the
wireless communication unit and another commu-
nication device, for example based on a signal-to-
noise ratio (SNR) value, and/or
(iii) System parameters, for example quality of serv-
ice (QoS) constraints.

[0038] The various adapted components within the
wireless communication unit 460 can be realised in dis-
crete or integrated component form. More generally, the
functionality associated with deciding whether to de-
code or not may be implemented in a respective com-
munication unit in any suitable manner, in hardware,
software or firmware. For example, new apparatus may
be added to a conventional wireless communication
unit, or alternatively existing parts of a conventional
wireless communication unit may be adapted, for exam-
ple by reprogramming one or more processors therein.
As such, the required adaptation, for example the pro-
vision of software code to implement the power-aware
link adaptation function, in the preferred embodiment of
the present invention, may be implemented in the form
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of processor-implementable instructions stored on a
storage medium, such as a floppy disk, hard disk,
PROM, RAM or any combination of these or other stor-
age multimedia.
[0039] It is envisaged that a wireless communication
unit may benefit from the inventive concepts hereinbe-
fore described in at least two scenarios. First, the inven-
tive concepts may be applied to a wireless communica-
tion unit operating in a random access network, as illus-
trated in the simplified information flow diagram of FIG.
6. Secondly, it is envisaged that a wireless communica-
tion unit may benefit from the inventive concepts here-
inafter described when operating in a centralised access
network, as illustrated in the simplified information flow
diagram of FIG. 7.
[0040] Referring now to an implementation in a ran-
dom access network illustrated in FIG. 6, the power-
aware link adaptation function 540 monitors the occu-
pancy of the communication medium 605. In this regard,
the power-aware link adaptation function 540 identifies
whether the occupancy of the communication medium
is below a certain level. If so, it selects the most efficient
operational/transmission mode 635 in terms of energy
consumption.
[0041] In addition, a battery status indication 610 can
be taken into consideration by the power-aware link ad-
aptation mechanism 540. If the communication unit's
battery level is low, then the communication unit may
decide to use a power-saving mode that employs a high-
er occupancy of the communication medium, when
compared to an operational mode where the battery lev-
el is high.
[0042] It is also within the contemplation of the inven-
tion that any (of many) known metrics can be used to
identify or characterise the medium occupancy, for in-
stance:

(i) The number of collisions having occurred in pre-
vious frames; and/or
(ii) The mean contention window over previous
frames (if a contention mechanism is used in the
random access technique); and/or
(iii) A proportion of time during which the channel
was occupied during previous frames.

[0043] If the cell is lightly loaded, it is envisaged that
the communication unit is configured such that it is able
to decide to switch its transmission 630 to a lower mode,
i.e. a lower data rate, so long as its QoS requirements
620 are satisfied. Therefore, in this mode, the wireless
communication unit will configure itself to occupy the
communication channel for a longer time. Advanta-
geously, the wireless communication unit will save on
power consumption and yet the cell will not suffer from
any throughput deterioration.
[0044] In addition, the power-aware link adaptation
process 540 in a random access network preferably uti-
lises traditional parameters such as link state 615 and

QoS 620, as well as the aforementioned new parame-
ters of communication medium occupancy and battery
status.
[0045] In a random access network employing priority
functions (such as IEEE 802.11e with Enhanced DCF),
where access to the communication channel is faster
for connections of higher priority, it is envisaged that the
aforementioned power-saving mechanism can be sup-
plemented by the QoS criteria. This approach is readily
supported in the IEEE standard by use of a lower value
of the contention window.
[0046] Thus, and advantageously in accordance with
the preferred embodiment of the present invention, it is
proposed that a higher priority is allocated to wireless
communication units that are able to save energy. For
example, when a first communication unit receives a da-
ta packet from a second communication unit, it is able
to determine a quality of the communication medium
used, for example by calculating a received SNR.
[0047] Therefore, the first communication unit will be
able to determine whether it is able to save power by
selecting a lower operational mode. If it is able to select
a lower rate operational mode, it will request a high pri-
ority connection with the second communication unit.
Once this connection is established, the first communi-
cation unit will send data with a low rate thanks to a pri-
oritised access to the medium. Advantageously, it is en-
visaged that this mechanism is invoked when a wireless
communication unit is identified as absolutely needing
to transmit data on a channel and is also identified as
having a low battery level.
[0048] When the inventive concepts are applied in an
IEEE802.11a or IEEE802.11g context, it is proposed
that a further enhancement of the inventive concepts is
employed to resolve the hidden node problem men-
tioned by Qiao in [1]. This further enhancement of the
present invention proposes the transmission of Request
To Send/Clear To Send (RTS/CTS) data packets. These
RTS/CTS data packets are preferably sent at full power
before sending subsequent data using a power-aware
link adaptation process. For instance, if such an RTS/
CTS frame exchange is performed before sending a
1460-byte long Ethernet packet with the fastest mode
(at 54 Mbps), the overhead due to the RTS/CTS is 30%
of the transmission time. Therefore, during at least 70%
of the time, power saving will be possible. The above
parameters are readily calculable from the IEEE stand-
ard.
[0049] Referring now to FIG. 7, the power-aware link
adaptation mechanism 540 is applied to a centralized
access network. Here, the network's access node has
both the knowledge of and control of the communication
medium occupancy. Therefore, in accordance with a
preferred embodiment of the present invention, the ac-
cess node is made responsible for scheduling the start-
ing time, duration and bit rate of substantially every
transmission. In this manner, optimum energy saving is
achieved and QoS requirements are met for each wire-
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less communication unit. The preferred embodiment of
the present invention assumes that the access node has
enough information on the power consumption and link
state of each of the wireless communication units to
make such a decision.
[0050] The preferred embodiments of the power-
aware link adaptation in a centralized network are:

(i) A fair power saving scheduling of the transmis-
sions. In this context, the access node is configured
to grant capacity to the wireless communication
units and, if possible, optimise the operational
modes of the wireless communication units in terms
of power consumption. This is preferably achieved
by increasing the load of a frame to be transmitted
until it is maximized, under the constraint that each
wireless communication unit saves an equivalent
amount of power.
(ii) A prioritised power saving scheduling. The ac-
cess node allocates any remaining capacity to be
used for power consumption reduction processes
for wireless communication units that are able to
save the most power, or those wireless communi-
cation units with the most stringent battery limita-
tions.

[0051] The enhanced embodiment of the present in-
vention, namely the application of power control to that
of power-aware link adaptation in a centralized network,
is depicted on FIG. 7. In a similar manner to the afore-
mentioned (pure) power aware link adaptation mecha-
nism described with reference to FIG. 6, this joint proc-
ess of power-aware link adaptation and scheduling at
the access node preferably takes, as inputs, the re-
source requests of the wireless communication units
705, their battery status 710, link quality and QoS re-
quirements 715. The access node also makes decisions
on the bit rates 735 and resource allocation 730, by, for
example, applying one of the policies 720 mentioned
previously.
[0052] The inventors have validated, via simulation,
the benefits to be gained from the inventive concepts
hereinbefore described. The simulations were used to
evaluate the maximum gain achievable during active
transmission, thus obtaining results independent of the
selected MAC protocol. The Physical layer of the simu-
lation was selected as orthogonal frequency division
multiple access (OFDM), with data rates of 6 Mbit/s up
to 54 Mbit/s. The QoS requirement was set to a data
packet error rate of less than 1%, which is a realistic
target in a VoIPoWLAN system. A data packet size was
set to '128' bytes, and the environment was selected as
a "typical indoor office, non-line-of-sight" environment
with 50 nsec r.m.s. delay spread, and a path loss expo-
nent of '3.6'. The shadowing standard deviation was se-
lected as 5 dB. The range of the cell was defined as the
area where statistically less than 2.5% of connections
were unable to meet the QoS criterion.

[0053] Referring now to FIG. 8, a graph 800 illustrates
the corresponding simulation results of data throughput
vs. distance from a wireless communication unit to its
access node, when implementing a preferred embodi-
ment of the invention. As clearly shown, when compared
to the comparable prior art graph 100 of FIG. 1, the min-
imum power strategy in terms of throughput versus dis-
tance from the access node of the wireless communica-
tion unit is improved.
[0054] Similarly, referring now to FIG. 9, a graph 900
illustrates the corresponding simulation results of power
consumption vs. distance from a wireless communica-
tion unit to its access node, when implementing a pre-
ferred embodiment of the invention. As clearly shown,
when compared to the comparable prior art graph 200
of FIG. 2, the power consumption in terms of minimum
power strategy and maximum throughput strategy with
regard to distance from wireless communication unit to
the access node is improved.
[0055] Similarly, referring now to FIG. 10 a graph 1000
illustrates the corresponding simulation results of the
gain of the minimum power strategy vs. the maximum
throughput strategy in relation to the distance from a
wireless communication unit to its access node, when
implementing a preferred embodiment of the invention.
As clearly shown, when compared to the comparable
prior art graph 300 of FIG. 3, the relative power con-
sumption benefit is effectively doubled with regard to
distance from wireless communication unit to the ac-
cess node. This equates, in this case, to an increase in
a wireless communication unit's battery life of up to 50%
on average. This is an extremely desirable improvement
that could be provided to/by new PA architectures.
[0056] In summary, the improved power-aware link
adaptation mechanism according to the preferred em-
bodiments of the present invention is illustrated in the
flowchart 1100 of FIG. 11. The process starts in step
1105, and a wireless communication unit monitors oc-
cupancy of a communication medium, as shown in step
1110. This may entail determining whether the level of
occupancy exceeds or falls below a threshold value.
This step may also entail receiving data in the form of a
number of previous collisions, in step 1115, and/or a
mean contention window calculation, as shown in step
1120, and/or a calculation of a proportion of time of
channel occupancy, as in step 1125.
[0057] With knowledge of the channel occupancy, the
wireless communication unit (or say, an access node in
other embodiments) makes a power-aware link adapta-
tion decision, based on a desire to minimise power con-
sumption, whilst maintaining a QoS level, as shown in
step 1130. This decision preferably receives input from
the wireless communication unit itself, in the form of
power profile information, battery status information,
etc., as shown in step 1135. It may also receive commu-
nication link status information, as in step 1140 and/or
system parameter information as in step 1145.
[0058] The power-aware link adaptation decision
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preferably selects an operational mode for the wireless
communication unit based on the communication medi-
um occupancy, to minimise the wireless communication
unit's power consumption. This operational mode may
entail operating at a particular power control level, as
shown in step 1150.
[0059] As mentioned above, if the communication
network is a random access network, the network pref-
erably applies an initial RTS/CTS transmission policy
before transmitting subsequent data packets, as shown
in step 1155. The random access network also prefera-
bly prioritises transmissions that are able to save power,
as in step 1160. In contrast, if the communication net-
work is a centralised access network, an access node
may apply a fair power saving schedule process and/or
a prioritised power saving schedule, as shown in step
1165.
[0060] Thus, in summary, the inventive concepts
herein described propose a power-aware link adapta-
tion mechanism suitable for a number of wireless com-
munication networks. The power-aware link adaptation
mechanism utilizes a monitoring operation of preferably
a multitude of communication resources/media to facil-
itate a wireless communication unit selecting the best
communication medium/resource for transmitting a data
packet, in order to minimize power consumption.
[0061] It is within the contemplation of the invention
that the present invention is not limited to the use of pow-
er control to differentiate between operational modes
that provide different levels of power consumption, and
that any other known techniques in saving power con-
sumption can be applied with the inventive concepts
herein described. Furthermore, it is envisaged that the
present invention can be applied in any wireless com-
munication scenario where a number of communication
resources are shared between a number of users.
[0062] It will be understood that the wireless commu-
nication unit, access node and wireless communication
networks, for example a wireless centralised access
network and a wireless random access network, as de-
scribed above, provide at least the following advantag-
es:

(i) The power-aware link adaptation concepts of the
present invention can be applied to several links
sharing the same communication medium. Hence,
the inventive concepts enable power-aware link ad-
aptation to be applied to wireless communication
networks; and
(ii) When coupled with a power control function, the
power-aware link adaptation concepts of the
present invention support a power consumption re-
duction strategy that is particularly desirable to bat-
tery-powered wireless communication units.

[0063] Whilst specific, and preferred, implementa-
tions of the present invention are described above, it is
clear that one skilled in the art could readily apply vari-

ations and modifications of such inventive concepts.
[0064] Thus, a wireless communication unit, an ac-
cess node and wireless communication networks, for
example a wireless centralised access network and a
wireless random access network, have been provided
wherein the aforementioned limitations associated with
the prior art arrangements have been substantially alle-
viated.

Claims

1. A wireless communication unit (460) comprises a
processor (508) having a power-aware link adapta-
tion function (540) for selecting an operational
mode of the wireless communication unit (460) to
transmit at least one data packet,
the wireless communication unit (460) character-
ised in that the processor (508) is configured to
perform, or is operably coupled to, a communication
medium monitoring function that monitors an occu-
pancy of a communication medium that comprises
a plurality of communication links and, in response
to a determination of the occupancy of the commu-
nication medium, the processor (540) performs link
adaptation for at least one data packet transmission
of the wireless communication unit (460).

2. The wireless communication unit (460) according
to Claim 1, wherein the processor (508) performs
link adaptation by selecting an operational mode of
the wireless communication unit (460).

3. The wireless communication unit (460) according
to Claim 2, wherein the processor (508) selects an
operational mode by adjusting a power control level
of a data packet transmission of the wireless com-
munication unit (460).

4. The wireless communication unit (460) according
to any preceding Claim, wherein the processor
(508) monitors the occupancy of the communication
medium by determining one or more of the follow-
ing:

(i) A number of previous collisions, for example
a number of collisions occurring in a previous
frame;
(ii) A mean contention window over one or more
previous frames;
(iii) A proportion of time during which the com-
munication medium was occupied during one
or more previous frames.

5. The wireless communication unit (460) according
to any preceding Claim, wherein the wireless com-
munication unit (460) operates on a time division
multiple access communication system supporting
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bursty traffic.

6. The wireless communication unit (460) according
to any preceding Claim, wherein the wireless com-
munication unit (460) operates using a distributed
medium access control (MAC) protocol or on a wire-
less local area network (WLAN) or any derivative
thereof such as voice over IP over WLAN.

7. The wireless communication unit (460) according
to any preceding Claim, wherein the wireless com-
munication unit (460) operates on a random access
network, such as IEEE802.11a.

8. The wireless communication unit (460) according
to Claim 7, wherein the wherein the processor fur-
ther monitors, or obtains, one or more of the follow-
ing parameters for determining how to perform link
adaptation:

(i) Wireless communication unit (460) parame-
ters, for example power characteristics, power
profile, battery status;
(ii) Communication link performance to another
communication device, for example a signal-to-
noise ratio value, and/or
(iii) System parameters, for example a quality
of service (QoS) limitation.

9. The wireless communication unit (460) according
to Claim 7 or Claim 8, wherein the processor per-
forms power-aware link adaptation using a request-
to-send/clear to send (RTS/CTS) frame exchange.

10. The wireless communication unit (460) according
to Claim 9, wherein the processor initiates a full
power transmission of at least one RTS/CTS frame
exchange before transmitting subsequent data us-
ing power-aware link adaptation.

11. The wireless communication unit (460) according
to any of preceding Claim 7 to 10, wherein the ran-
dom access network comprises a priority mecha-
nism, such as IEEE802.11 enhanced distributed co-
ordination function (EDCF).

12. The wireless communication unit (460) according
to Claim 11, wherein the processor monitors, or ob-
tains a quality of service (QoS) indication and im-
plements the power-aware link adaptation in re-
sponse to the QoS indication.

13. The wireless communication unit (460) according
to Claim 11 or Claim 12, wherein the processor al-
locates a higher priority to transmission of the wire-
less communication unit (460) when the wireless
communication unit (460) is able to save power by
performing power-aware link adaptation.

14. The wireless communication unit (460) according
to any of preceding Claims 1 to 6, wherein the wire-
less communication unit (460) operates on a cen-
tralised access network, such as HIPERLAN/2,
IEEE802.11h, IEEE802.11 PCF or IEEE802.11e
HCF standard.

15. The wireless communication unit (460) according
to Claim 14, wherein the processor measures or es-
timates a communication link's quality and performs
its own link adaptation based thereon.

16. The wireless communication unit (460) according
to Claim 14 or Claim 15, wherein the processor in-
itiates transmission of a power profile of the wireless
communication unit (460) to an access node (446)
in the centralised access network, such that the ac-
cess node (446) is able to determine for substan-
tially each power profile, a power consumption re-
lating to substantially each operational mode.

17. An access node (446), for example an access node
adapted to communicate with the wireless commu-
nication unit of any preceding Claim, characterised
in that the access node comprises a processor able
to determine a power consumption metric relating
to substantially each operational mode of a number
of wireless communication unit(s) (460) to use in an
uplink communication to the access node (446),
such that the access node (446) allocates resourc-
es on the communication medium and proposes an
operational mode to the wireless communication
unit(s) (460) to reduce power consumption therein.

18. The access node (446) according to Claim 17,
wherein the access node processor allocates com-
munication resource and/or allocates operational
modes to a number of wireless communication unit
(s) in terms of power consumption, such that sub-
stantially each of the number of wireless communi-
cation unit(s) saves a similar amount of power.

19. The access node (446) according to Claim 17 or
Claim 18, wherein the access node processor allo-
cates a higher priority power-aware link adaptation
and scheduling mechanism to those wireless com-
munication units that are able to save power.

20. A wireless centralised access network adapted to
facilitate communications to/from the wireless com-
munication unit (460) according to any of preceding
Claims 14 to 16, and/or adapted to facilitate com-
munications to/from the access node (446) accord-
ing to any of preceding Claims 17 to 19.

21. The wireless centralised access network according
to Claim 20, wherein the centralised access net-
work supports communications in accordance with
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a HIPERLAN/2, IEEE802.11h, PCF or HCF stand-
ard.

22. A wireless random access network, such as
IEEE802.11a, adapted to facilitate communications
to/from the wireless communication unit according
to any of preceding Claims 7 to 13.

23. The wireless random access network according to
Claim 22, wherein the wireless random access net-
work supports power-aware link adaptation using a
request-to-send/clear to send (RTS/CTS) frame ex-
change, for example supporting a full power trans-
mission of at least one RTS/CTS frame exchange
from a wireless communication unit (460) before the
wireless communication unit (460) transmits subse-
quent data using a power-aware link adaptation
mechanism.

24. The wireless random access network according to
Claim 22 or Claim 23, wherein the wireless random
access network supports random access commu-
nications with priorities, for example in accordance
with an IEEE802.11 EDCF standard.

25. A method of saving power consumption (1100) in a
wireless communication unit (460) the method
characterised by the steps of:

monitoring occupancy (1110) of a communica-
tion medium comprising a plurality of commu-
nication links; and
determining (1130), in response to the occu-
pancy of the communication medium, a power-
aware link adaptation process, for example se-
lecting an operational mode of the wireless
communication unit (460) to transmit at least
one data packet in a power saving mode.
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