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A scheduler in a communication network comprising a

communication channel Which is shared by a plurality of
user nodes, the communication channel having a succession
of slots. The scheduler has a quality unit for receiving an

indication of the quality of the communication channel for
each user node. A delay unit for receiving a predetermined
delay factor for each of at least some of the user nodes, the
delay factor representing a level of tolerance to a time delay.

A selection unit connected to the quality and delay units and
being arranged to determine, for each slot, Which of the user
nodes is to use that slot based on the channel quality

(GB) ....................................... .. 04201646

indication and the delay factors.
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SCHEDULER
[0001] The present invention relates to a scheduler for
scheduling data transmissions in a communication netWork
and, in particular but not exclusively, Wherein the commu
nication channel is shared by a plurality of user nodes and
the scheduler selects Which user node uses the channel for

each time slot.

These variations of the channel conditions can be exploited

to increase the system throughput.

[0007] As explained the basic idea behind opportunistic
scheduling is to schedule a user having the best channel
conditions at a given time. The document acknowledged
above proposes PFS scheduling using a short-term time
WindoW on Which the fairness is guaranteed. A heuristic

approach is adopted Which combines long-term fairness With

[0002] In Wireless communication netWorks it is particu
larly desirable to manage resources carefully especially

book-keeping.

since channel bandWidth is at a premium. Efficient manage
ment of available resources alloWs one to provide a desirable

[0008] The problem With knoWn methods Which use the
time-WindoW approach is that a counter needs to keep track

quality of service (QOS). Different telecommunication ser
vices may require different bandWidth characteristics to be
supported. This has led to the emergence of radio resource

frame (i.e. a short term time WindoW). Adisadvantage of this
is that memory is required to keep count of the timeslots

management (RRM) in Wireless communication netWorks.

allocated to each user (i.e. also knoWn as book-keeping).

RRM is concerned With managing the available resources of
the netWork in the most effective Way. These resources might

timedia netWorks different services are associated With dif

include physical resources (for example throughput, poWer
control, load control, etc.), link resources (packet schedul
ing, admission control, etc.) and the Wireless communication
system as a Whole.

[0003] There are many different communication protocols
and standards in use today, for example Wideband code
division multiple access (WCDMA), Which encourage

multi-user diversity by frequency hopping and reuse, Which

of the number of timeslots each user has been allocated in a

[0009]

The applicants have realised that in Wireless mul

ferent delay requirements. It is therefore important to pro
vide control means for taking into account services having

different delays.
[0010]

It is an object of an embodiment of the present

invention to overcome these draWbacks and to provide a
system, Which is able to take into account different user

speci?c delays.

alloWs for optimum use of the bandWidth of a cell coverage
area Which transmits to multiple user nodes (i.e. mobile

[0011] According to one aspect of the present invention

stations). A common method of optimising the number of

comprising a communication channel Which is shared by a
plurality of user nodes, the communication channel having
a succession of slots, the scheduler comprising: a quality
unit for receiving an indication of the quality of the com
munication channel for each user node; a delay unit for
receiving a predetermined delay factor for each of at least
some of the user nodes, the delay factor representing a level

users transmitting on a common channel is to divide the

communication channel into timeslots, Which are the frac
tions of time allocated to a particular mobile station for
transmitting over the shared communication channel. There
fore, some sort of scheduling mechanism is an essential

component in these types of systems for scheduling, Which

there is provided a scheduler in a communication netWork

of the user nodes Will be alloWed to transmit data in each
timeslot.

of tolerance to a time delay; and a selection unit connected

[0004] Thus, broadly speaking a scheduling mechanism is

based on the channel quality indication and the delay factors.

required to allocate Which user nodes communicate for each
timeslot depending on the requirements of the system as a
Whole.

[0005] Channel-aWare scheduling is a primary method for
obtaining high throughput in modern netWorks. As its name
suggests, this type of scheduling is based on monitoring the
channel for each of the user nodes of a communication

netWork and scheduling the appropriate user node With a

to the quality and delay units and being arranged to deter
mine, for each slot, Which of the user nodes is to use that slot

[0012]

According to a further aspect of the present inven

tion there is provided a method for scheduling access to a
slot of a communication channel Which is shared by a

plurality of user nodes, the method comprising: receiving a
?rst set of quality values each representing a quality of the
communication channel for each of the user nodes; receiving
a second set of predetermined delay factors each represent
ing a tolerance to a time delay of at least some of the user

vieW to obtaining a high overall throughput. A particular
example of this scheduling is knoWn as proportional fair
scheduling (PFS) Wherein the user With highest ratio of

be granted access to the slot based on a combination of the

instantaneous transmission rate to its average transmission
rate is scheduled for that timeslot (otherWise knoWn as

[0013]

“opportunistic scheduling”).

and to shoW hoW the same may be carried into effect,

[0006] The paper by S. Kulkarni and C. Rosenberg With
the title “Opportunistic Scheduling Policies for Wireless
Systems Short Term Fairness Constraint” published in the
Globecom Proceedings of 2003 describes an opportunistic
scheduling mechanism for Wireless systems having time
varying channel conditions. The system describes that Wire
less channels have time varying characteristics Wherein

draWings, in Which:

nodes; selectively determining Which of the user nodes is to

quality values and the delay factors.
For a better understanding of the present invention

reference is noW made by Way of example to the folloWing

different user nodes have different channel qualities at the
same time because of effects such as user shadoWing, path
losses due to changing environments and user mobility.

[0014]

FIG. 1 shoWs the structure of a Wireless commu

nication netWork in Which embodiments of the present
application are able to operate;
[0015]

FIG. 2 shoWs an embodiment of the present inven

tion;
[0016] FIG. 3 shoWs an example of scheduling time slots
in accordance With embodiments of the present inventions;
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[0017]

FIG. 4 shows an the results of an exemplary

implementation of the invention using a delay-penalty sys
tem as compared to a PFS system; and

[0024] FIG. 2 shoWs that the scheduler 20 comprises a
delay unit 26 and a channel monitoring unit 28 Which are
connected to a selection unit 30. The BTS 8 comprises a

[0018] FIG. 5 shoWs an alternative embodiment of the
present invention in an ad hoc netWork.

policy unit 24, Which may in alternative embodiment reside

[0019]

the user nodes 14, 16, 18 that the BTS Will transmit data to
at the start of each timeslot. Data is then transmitted to the
selected user node 14, 16 or 18 over respective doWnlink
channels 38, 40 or 42.

FIG. 1 shoWs the structure of a Wireless commu

nication netWork in Which embodiments of the present
application are able to operate. The Wireless communication
netWork can for example be a public land mobile netWork
(PLMN) 2 Which comprises a core netWork (CN) part 21 and

in the scheduler 20 itself or someWhere else in the CN 21.
The selection unit 30 has an output 34 used to select one of

a radio access netWork (RAN) part 23. The core netWork for

[0025] The channel quality of the doWnlink channels 38,

example comprises a base station controller (BSC) 6 and a
main sWitching centre (MSC) 4, Which can be connectable
to other communication netWorks 3. The RAN 23 comprises

40 and 42 can be monitored by the respective user nodes 14,
16 or 18, and an indication of that channel quality can be fed

back to the scheduler unit via respective uplink channels 44,

at least one base transceiver station (BTS) 8 Which commu
nicates With at least one user node (MS1) 14. It Will be

46 or 48. It should be appreciated that in alternative embodi

appreciated that for any given netWork there may be more
than one of these respective elements. Indeed, the present

the doWnlink channel can be supplied to the scheduler 20 in

application is particularly concerned With the RAN part of
the netWork 23 Wherein a BTS 8 transmits data to a plurality

of user nodes, i.e. M5114, M5216 and MS318 for a single

coverage area (or cell) 17.
[0020] There are various protocols for conveying data
betWeen the BTS 8 and the associated mobile stations 14, 16,

ments the uplink channel is not required and the quality of
some other knoWn Way.

[0026]

Embodiments of the present invention are particu

larly concerned With services Which are sensitive to time

delays When data is transmitted. Thus, it is assumed that at
least some of the user nodes 14, 16, 18 in a coverage area 17

are delay-intolerable. Embodiments of the invention take

this delay into account by assigning delay penalties associ

18 in the coverage area 17. These could for example include

ated With the particular user node. This delay penalty

at least one of, and more probably, a combination of the

provides an indication to the scheduler as to hoW delay

folloWing: time multiplexing (TDMA), frequency multi
plexing (FDMA) and spreading codes With frequency hop
ping (for example, CDMA, WCDMA, etc.). The embodi

intolerable the respective user node is. These delay penalties
are represented as delay factors bi Wherein i indicates the
relevant user node. That is, the delay factor is in the range
from 0 to 1, Wherein for example the higher the penalty

ments of the present invention ?nd particular application in
cdma 2000 netWorks (for example the 1><EV-DO and 1><EV
DV) or WCDMA netWorks (for example HSDPA) and in 4G
and other non-cellular netWorks (for example in a Wireless

factor, the more tolerant a particular mobile node is to time

delays (a user node having a delay factor bi=0.95 is far more
tolerant to time delays than a user node having the delay

LAN).

factor bi=0.30). A delay factor of the maximum of 1 (i.e.

[0021] HoWever, Whatever transmission protocol is ulti
mately used, some sort of scheduling mechanism is required

bi=1) indicates a best-effort user node Which is not sensitive

in order to achieve optimal RRM. FIG. 2 shoWs a scheduler

20 Which exists in the BTS 8, and Which is responsible for
selecting one of the mobile stations 14, 16 or 18 to com

municate With a particular point in time. This Will be
described in more detail later, hoWever a basic understand

ing of this can be achieved by referring to FIG. 3.
[0022] FIG. 3 shoWs a communication channel, for

to time delays at all. That is, With best-effort nodes, it Will
be appreciated that there is no time limit for a particular
packet to reach a particular node.
[0027]

Although the user nodes shoWn in the embodiment

of FIG. 2 take the form of MSs 14, 16, 18, they could just
as easily be replaced With computer nodes for example in a
Wireless local area netWork

In such a case, data

example When used to convey data in the coverage area 17.
The channel can be thought of as comprising a succession of

packets are scheduled for transmission to a particular node
of a Wireless LAN for a particular timeslot. Thus, the present
invention is not restricted to cellular communications.

timeslots (indicated as 0, 1, 2, 3, 4, 5, 6, etc. on the x axis
of FIG. 3). At the start of each timeslot, the scheduler 20 in

[0028]

the BTS 8 is used to select Which of the mobile nodes is to

be scheduled for that particular time slot. That is, for
timeslot 0 the scheduler 20 decides to schedule MS114,
Whereas at the next timeslot (i.e. timeslot 1) the scheduler
decides to schedule MS318. In other Words, all of the mobile
stations in a particular coverage area could for example be
competing to use the channel bandWidth to transfer data.

[0023] It should be appreciated that in each timeslot, data
can either be transmitted from the BTS 8 to the user nodes

14, 16 or 18 (i.e. in the doWnlink direction) or alternatively
data can be transmitted from the user nodes 14, 16 or 18 to

the BTS 8 (i.e. in an uplink direction). HoWever, embodi
ments of the present application Will noW be described
Wherein data is to be transmitted in the doWnlink direction
38, 40, 42 over the respective time slots of a communication

channel (cell 17).

FIG. 2 shoWs that the delay unit 26 is able to

receive a ?rst set of inputs 35 from the policy unit 24 or a
second set of inputs 36 from the user nodes 14, 16 or 18.

Both of these sets of inputs indicate a predetermined penalty
factor for a particular user node (i.e. supporting a particular
service). That is, in a preferred embodiment the user node

itself has functionality for assigning a particular penalty
factor to the service Which it supports and transmits this
information to the delay unit 26 of the scheduler 20 via the
respective uplink channels 44, 46 or 48. HoWever, in an
alternative embodiment the penalty factors are in fact sup

plied by a policy unit, Which for example could reside in the
BTS 8 (as shoWn in FIG. 2) or someWhere else in the
netWork.

[0029] The doWnlink channel conditions 38, 40, 42 are
variable and for any timeslot the channel quality may be
affected because of user shadoWing, fading and user mobil
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ity. Thus, in the embodiment each of the user nodes monitors
the doWnlink channels 38, 40 and 42 and supplies an
indication of the quality of these channels for any timeslot
to the channel monitor 28 in the scheduler 20. An indication

bi2=0.90 at timeslot t+1 and so on until eventually a limit is
reached Wherein the scheduler can no longer ignore the
particular user node. In one embodiment the delay factor can

of the channel quality can take on many forms, one of Which

Will schedule that user node irrespective of hoW poor its
channel conditions are. An advantage of this is that a
maximum starvation period can be set up for delay-intoler

being the instantaneous transmission rate data. The channel
monitor has functionality for calculating the average trans
mission rate and then determining a ratio of the instanta
neous transmission rate to the average transmission rate

associated With each user node 14, 16 or 18. These respec
tive ratios are then sent to a selector 30 Which is able to

determine Which of the ratios (of instantaneous transmission
rate to average transmission rate for each MS) is the highest.
The user node having the highest ratio Will be scheduled for
that timeslot. This is knoWn as proportional fair scheduling

(PFS).
[0030] Embodiments of the present invention seek to
adapt this scheduling mechanism to also take into account
the delay intolerance of the respective user nodes. Thus, the
embodiment of FIG. 2 shoWs that the selector 30 determines
Which of the mobile stations to select for a particular

timeslot depending on both the monitored channel qualities

28 and the predetermined delay factors.
[0031] In particular embodiments of the present invention
are concerned With reducing the so-called starvation period
associated With delay-intolerant user nodes. In particular, a
maximum starvation period can be set up so as to limit the

maximum number of timeslots betWeen successive trans
missions for a particular delay-intolerant user node. That is,

the scheduling example of FIG. 3 Would tend to indicate that
MS2 is highly delay-intolerant and therefore transmits in
timeslots 2, 3 and 5 as compared to MS3 Which is more

tolerant to delay and transmits in timeslots 1 and 6. Thus, the
maximum starvation period for MS2 is only a single timeslot
(i.e. timeslot 4 Where MS1 transmitted betWeen timeslots 3
and 5 used by MS2). In contrast, MS3 has a longer starvation
period of four timeslots in that MS3 ?rst transmits a timeslot
1 and its next transmission is four timeslots later, as timeslot
6.

[0032]

Thus, embodiments of the present invention are

concerned With a scheduling criteria Which is based on a

“virtual SNR”, Which means assigning a relatively high
priority to a user With a loW penalty factor (representing a

highly delay-intolerable user) While still taking channel
information into account.

[0033]

In an embodiment of the present invention the

delay factor is time-varying so that each timeslot that a user

node is not scheduled, Will result in its delay factor being
increased. This has the ultimate effect of limiting the maxi
mum starvation period for a particularly delay-intolerable
user. That is, the delay factor is also a function of time and
can be represented as bit.
[0034]

If at a timeslot t, the user node i has a particular bi

value but is not scheduled, then the bi value is modi?ed by
some factor, for example bi2 for the next time slot. Again, for
the next timeslot t+1 if MS i is again not scheduled then the

delay factor is further modi?ed, for example bi3. Thus, it can
be seen that for each successive timeslot that a delay
intolerable user node is not scheduled, the penalty factor

be so loW (i.e. highly delay-intolerant) that the scheduler

able user nodes, Which is independent of the channel quality.
[0035]

It should be appreciated that in an alternative

embodiment, a limit can be set as to the minimum acceptable

channel quality for Which a particular user node should be
scheduled. That is, in some cases it Would be undesirable to
schedule a particular user node no matter hoW delay-intol

erable it is, if the channel quality to that user node is

particularly poor.
[0036] Whereas traditional PFS scheduling is primarily
concerned With optimising the throughput, the delay penalty
factor model of the embodiments of the present invention
are based on dynamic optimisation of the delay-throughput

trade off. The penalty model effectively limits the maximum

starvation period.
[0037] Appendix A shoWs hoW a scheduling criteria for an
embodiment of the present invention can be derived from

?rst principles as indicated by Equation (10). That is, a
scheduling criteria is speci?ed in terms of channel threshold
values, Wherein oqt is the actually realised threshold value
for a particular user node i at a particular time, and (in is the
optimal threshold value of user node i at a value t. Equation
10 can also be reduced to that shoWn in Equation (11)
Wherein if oqt is the instantaneous transmission rate for the
user node i at a time t, and the threshold value (in is the
average transmission rate of the user node i at time t, then

Equation (11) represents PFS scheduling adapted to take into
account the penalty factors of delay-intolerant user nodes.

[0038] Equation (12) shoWs derivation of the threshold
value (ii in a Rayleigh fading channel Which is stationary
(i.e. Without time correlation). HoWever, a time-correlated

channel With time-varying penalties is approximated by
Equation (13). Equation (13) indicates that the more delay
tolerant the user node is, the higher the bi penalty factor, and
therefore the higher the threshold value for (in that needs to
be met by the realised late oqt. Thus, Equation (13) shoWs
that the threshold values are dependent on the penalty delays
Which vary over time.

[0039] In summary, therefore, the scheduling criteria is
proposed Wherein for a particular time slot t, the user k
shoWs a maximum ratio akt/akt is scheduled to transmit at
that timeslot. The threshold value (6ti or Exit ) can be deter

mined either using equation (12) or equation (13) in appen
dix A. Thus, the threshold values of embodiments of the
present invention take into account both channel quality and
penalty factors Which vary over time.

[0040] It should be appreciated that although the sched
uling criteria of equations (10) and (11) are derived to
schedule the user node With the maximum virtual SNR (or

threshold value). HoWever any criteria may be used (not
necessarily the maximum), provided that the virtual SNR
takes into account delay penalties.

associated With it is decreased (Which indicates to the

[0041] Also, it should be appreciated that the delay pen

scheduler that increasing priority should be given to that
particular MS). That is a bi=0.95 at timeslot t, Will be

user nodes status. For example, if a given user node has no

alties can by dynamical modi?ed to take into account the
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data to send, the user-speci?c delay penalty can be altered.

at time t (and 0 otherWise). The nodes autonomously make

Thus if there is no data available to be sent to a particular

their scheduling decisions based on local rate measurements

user node, irrespective of hoW delay-intolerant the service it
supports is, the delay penalty for that user node can be
modi?ed, i.e. bi=1. In this Way, the delay penalty can take

and a locally de?ned targets (as modelled by the threshold
value). It is assumed that the collision cost is in?nite, i.e.

into account the required throughput (or transmission time)
for data that exists in a buffer ready for transmission. For
example, When the buffer (in the transmitter such as the BTS
8) is ?lling up, over?oW of this buffer can be prevented by

Whenever a node detects the channel is reserved it Will retry
transmission at a random time. Each node Will transmit only

its scheduling criterion, for example, rit=oqt-bitE(ot>0) is

decreasing the penalty factor bi (Which in effect increases the

met. Essentially, this is an example of a simple congestion
based concept that is used particularly in non-cellular Wire
less systems (such as Wireless LAN, blue tooth, ad hoc

delay intolerance of the corresponding user node and data

netWorks, etc.).

throughput through the buffer is increased. Thus, the delay
intolerance can be controlled in various Ways, and depends

on a number of issues, for example: throughput (experi

enced), implementation complexity (buffer siZe), etc. Also
the receiver may signal to the transmitter When a delay factor
has changed to indicate that buffers in the receiver unit are

[0047] The decentralised embodiment of the present
invention is advantageous in that it is not necessary to keep
track of the penalty factors of all the user nodes. Further

more, user-speci?c delay parameters directly measure the
delay-tolerance of the user nodes so that these are given

[0042] Embodiments of the present invention ?nd particu

absolutely (but may vary over time). Further, for the decen
tralised embodiment the payoff function is de?ned locally at
the node level, Which does not require centralised knoWl

lar application in so-called “ad hoc” netWorks Where each

edge of the delay factors.

?lling up or vice versa.

node is responsible for forWarding a received packet through
means of its oWn scheduling criteria. That is, each node

locally decides in a random fashion (for example using game
theory) Whether the scheduling criteria is satis?ed.
[0043] FIG. 5 shoWs an example of an ad hoc netWork
Wherein a packet is forWarded from node1 to node2, and
node2 decides to send a packet doWnstream for a particular
timeslot to one of: node4, node5 or node6. If only node4 and
node5 meet the scheduling criteria for ad hoc netWorks, i.e.

(Xkt-KOMZO, then node 6 is automatically not scheduled and
a random choice (based on game theory) is made betWeen
node4 and node5.

[0044] Therefore, this alternative embodiment of an ad
hoc netWork corresponds to distributed delay-penalised
scheduling, rather than centralised delay-penalised schedul
ing as Was the case With the PLMN having a centralised

scheduler 20 Within the BTS 8. Instead, in an ad hoc netWork

each node is capable of random decentralised scheduling.
[0045]

[0048] Afurther advantage of embodiments of the present
application is being able to dynamically determine an opti
mal threshold value for scheduling Which takes in to account
channel conditions.

[0049]

It should be noted that in both embodiment of

FIGS. 3 and 5, the scheduling criteria (i.e. threshold values)
are a function of the channel characteristics as Well as delay

penalties (Which can be time-varying).
[0050]

FIG. 4 shoWs an exemplary implementation of

scheduling Wherein the top graph represents scheduling With
delay differentiation (i.e. delay penalties) and the bottom
diagram represents standard PFS scheduling.
[0051]

FIG. 4 shoWs in the upper graph of FIG. 4 the

results of a delay-scheduling mechanism of the described

embodiments (the upper graph of FIG. 4). The simulation
Was considered for a Rayleigh fading channel With expected

values of the gain coefficients uniformly distributed betWeen

It should be appreciated that the ad hoc netWork is

1 and 10. Noise poWer I set at 0.1. Users I—1, . . . , 6 have

only one possible application for decentralised scheduling.
Another is contention-based channel access, used for

a delay factor bi=0.95 Whereas the rest of the nodes are best
effort (bi=1). With 12 users in a tWo-class system (i.e. tWo

example in WLAN 802.11 (Wireless local area network),

classes of delay differentiated nodes), the delay distributed

Which uses channel sensing to determine if a user node may
use the channel. For this embodiment in a WLAN, in

is depicted in FIG. 1 (30 runs each With 5000 time slots). In
the upper diagram, the left-most bar 80 indicates the number

addition to channel sensing, the transmission decision (even
Without an ad-hoc netWork having multiple nodes) depends

of delay-intolerant users. It can be seen that the proposed

scheduling mechanism gives a type bound for the maximum

also on the delay penalties of the given user node. As an

delay (i.e. starvation period) for the delay-intolerant ser

example, a user node that has not been able to access a

vices. That is, the maximum starvation WindoW delay

channel in CSMA (carrier-sense multiple access), is able to

intolerant users is 37 slots, Whereas in contrast the PPS

send a channel reservation request (or an access request),
Which has either a higher transmit poWer or more frequently

scheduling distribution shoWn in the bottom graph of FIG.
4 indicates the starvation period is much larger in PPS (i.e.

When the delay intolerance increases. Thus, the scheduling

827 slots).
[0052] Thus, in comparison to PFS scheduling (see loWer
?gure), the delay-penalised scheduling of the upper ?gure is

mechanism of the described embodiments can also be used
also for initial access to a channel, as Well as in the more

general case of transferring data once the access has been

granted. These embodiments may also be combined With
“game theoretic” randomisation methods.

shoWn to improve the starvation period of the delay-intol
erant users by several hundred timeslots. That is, the maxi

mum starvation period using delay-penalised scheduling is

[0046] Abrief summary of the game-model for distributed
scheduling is as folloWs. Non-cooperative nodes play a
scheduling game Where the payoff function rit of node i at

37 slots Which is on average only 4.5% of that using PFS for
the delay-intolerant nodes, Which is 827 slots. For this

time t is the difference betWeen the rate and its threshold

than that using PCS (i.e. around 90%), but the Worst

value. The binary decision variable at t, is xit=1 if i transmits

starvation period is far less than With PFS. Thus a good

exemplary implementation the throughput is slightly less
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trade-off is achieved between delay and throughput. In
allowing for a good throughput through the system While
still taking into account delay-intolerant services.

[0053] The calibration of the delay penalty bi can be done

adaptively:
[0054]

if the maximum starvation period si of a delay

intolerant node i exceeds a threshold s[bar] then the

delay penalty of bi should be decreased (to prioritise the
node i and so decrease its transmission delay);

[0055] if si falls under threshold s, then bi should be
increased (i.e. to increase the overall throughput of the

system).
[0056]

Thus, in this Way it is possible to initialise the

delay-penalty parameters bi in line With desired and prede
termined policy settings. Thus, consider tWo classes of
users; best effort (bi=1) and delay-intolerant (bi<1) and if n
denotes the number of delay-intolerant nodes, then the delay
penalty bi of the delay-intolerant users With maximum tol
erated starvation periods d solves;

[0061] It should be appreciated that the channel quality
can be de?ned differently to suit different systems. Thus,
Whereas data transmission rate is one indication of channel

quality, others can include: SNR (signal to noise ration),
SINR (signal to interference plus noise ratio), achievable
rate, coding and modulation parameters for achieving
desired rate With given channel quality, CQI (channel quality
indicator), etc. Channel quality can also be de?ned differ
ently depending on different modulation and transmission
systems. For example, the SNR may be derived With MIMO
transmission (and/or in other channels Where there is inter

ference betWeen different symbols) using knoWn methods.
[0062]

It should also be appreciated that Whereas embodi

ments of the present invention are used to determine the
scheduling resources, the actual transmission method for a
scheduled user may or may not use the delay factor. For
example the CQI can be based on true SNR, not necessarily
the virtual SNR.

[0063] It should also be appreciated that poWer control,
adaptive modulation and coding, and other schemes such as

ARQ (automatic repeat request) may be used. The delay
factor can be changed accordingly, for example When a data

[0057] It should be noted that the delay penalty for the
example shoWn in FIG. 4 equals 0.9531=0.2 (With d=37 and
n= to 6). Thus, delay-penalised scheduling alloWs for effi

cient delay differentiation using different delay parameters.
Users that have high delay penalities (i.e. loW penalty factors
bi) get stringent delay bounds, Whilst still making partial use
of channel information in terms of multi user diversity.

Users With high delay penalties (i.e. approaching 1 as is the
case for best effort users) behave more like conventional

PFS scheduling solutions.
[0058] It should be appreciated that a given user node need
not knoW the delay penalties of other users When creating the
“virtual SNR” on Which the scheduling decision is made.
Also, the delay penalties are ?exible in that they can be

user-speci?c, service-speci?c, or network-speci?c.
[0059] Although the described embodiments are con
cerned With relatively simple resource scheduling based on
time slots of a shared communication channel, it should be

appreciated that in practice the situation is typically more
complex and other scheduling resources may also be avail
able. Examples include: the number of chanellisation codes

packet is erroneously received and negative acknowledge
ment is sent to the transmitting unit. Thus ARQ-related

signalling may be used indirectly to control delay tolerance.
1. A scheduler in a communication netWork comprising a

communication channel Which is shared by a plurality of
user nodes, the communication channel having a succession

of slots, the scheduler comprising:
a quality unit for receiving an indication of the quality of
the communication channel for each user node;

a delay unit for receiving a predetermined delay factor for
each of at least some of the user nodes, the delay factor
representing a level of tolerance to a time delay; and

a selection unit connected to the quality and delay units

and being arranged to determine, for each slot, Which of
the user nodes is to use that slot based on the channel

quality indication and the delay factors.
2. The scheduler of claim 1, Wherein the delays factors

(and possibly their indices), the number of sub-carriers (and

vary for successive slots.
3. The scheduler of claim 2, Wherein if a user node having
a predetermined delay factor is not selected for a slot, its
delay factor is modi?ed to indicate for the next slot that the

possibly their indices), the antenna resources Which may

user node is even less tolerant to a time delay.

include multi-input multi-output (MIMO) modulation,

4. The scheduler of claim 1, Wherein the indication of the
channel quality is a data transmission rate.

transmit diversity, beam, etc.
[0060] That is, in the example of FIG. 2, the BTS 8 could

5. The scheduler of claim 4, Wherein proportional fair

transmit in the cell 17 using FDMA Which Would in effect

scheduling is performed by selecting, for each slot, Which

result in more than one communication channel being sepa

user node has the highest ratio of an instantaneous data

rated by different frequencies. Thus, in such a case, the
scheduler is more complex since it needs to decide, for each

transmission rate to an average data transmission rate.

time slot Which user node to select. Therefore, in this
example it is possible that more than one user may be

assigned to the same or partially overlapping timeslot.

Therefore it should be appreciated that other multiplexing
methods may be used, for example: FDMA (frequency

6. The scheduler of claim 5, Wherein the ratio is modi?ed
by applying a delay factor to each of the transmission rates.
7. The scheduler of claim 1, Wherein the delay factors and
the indications of channel quality are received from the user
nodes.
8. The scheduler of claim 1, further comprising a policy

division multiple access), CDMA (code division multiple
access), OFDM (orthogonal frequency division multiplex
ing), OFDMA (orthogonal frequency division multiple

unit for storing the predetermined delay factors.

access), SDMA (space division multiple access), MIMO or

netWork comprising another communication channel Which
is distinguished from the communication channel using at

a combination thereof.

9. The scheduler of claim 1, Wherein the slot is a time slot.
10. The scheduler of claim 1, Wherein the communication
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least one of CDMA, FDMA, OFDM, OFDMA, SDMA,
MIMO or a combination thereof.

11. The scheduler of claim 1, Wherein the communication
network is Wireless communication netWork.
12. The scheduler of claim 1, Wherein the communication
netWork is an ad hoc netWork, Wherein a scheduler is located
Within each user node of the netWork for performing decen

tralised scheduling.
13. A method for scheduling access to a slot of a com

munication channel Which is shared by a plurality of user

nodes, the method comprising:

receiving a ?rst set of quality values each representing a
quality of the communication channel for each of the
user nodes;

receiving a second set of predetermined delay factors each
representing a tolerance to a time delay of at least some
of the user nodes;
selectively determining Which of the user nodes is to be
granted access to the slot based on a combination of the

quality values and the delay factors.
*

*

*

*
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