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Method for allocating channels in a cellular
telecommunicationsnetwork

TECHNICAL AREA

The present invention pertains to the area of mobile telecommunications systems.
More precisely, the invention constitutes a method pertaining to operator-specific
additional services in a cellular mobile telecommunications system with an add-on

for packet data.

The invention relates especially but not exclusively to a method for allocating idle
capacity in a mobile telecommunications system of the type Global System for Mo-
bile communication (GSM), together with the packet data dption General Packet
Radio Services (GPRS).

STATE OF THE ART

In a digital mobile telecommunications system that utilises TDMA, information is

. transferred between radio nodes and one or more mobile stations, where the payload

information may be composed of speech information in the case of a speech con-
nection, or data in the case of a data connection. Figure 1 shows an example of such
a system with a radio node BTS1 communicating with two mobile stations MS1 and

MS?2 that are located in a certain cell C, which is controlled by the node BTS1.

Transmission is performed over allocated radio channels within certain frequency
bands that are divided into two parts: the uplink when the MS sends to the radio

node; and downlink when the radio node sends to the MS.

An example of a digital TDMA system is GSM, the standard for which describes a
packet data option that introduces packet data into the GSM network. This technol-
ogy is called GPRS and implies data traffic Being sent using packet-switched tech-

nology instead of circuit-switched technology, as is the case for GSM without the
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packet data option. With GPRS in a GSM network, higher data rates are offered

along with the possibility for the user to be connected to the data network all the

time.

In a GSM network with GPRS, the radio channels are utilised efficiently by the
GPRS terminal only using the radio channel when it is sending or receiving data —
the remainder of the time it is silent and allows other terminals to use the channel.

The radio channel allocated for GPRS (the Packet Data Channel or PDCH) may be
of two types:

A Dedicated PDCH that is used exclusively for GPRS. The number of Dedicated
PDCHs in each cell is determined by the operator, conditional on the traffic load or

wanted capacity. This type of channel guarantees that there is always capacity for
GPRS in a cell.

On Demand PDCH, which can be released for incoming circuit-switched calls in a
loaded cell. On this type of channel, circuit-switched traffic always has precedence

and GPRS traffic cannot be always guaranteed.

Figure 2 shows an example of how a set of two radio channels RF1 and RF2 can
have time slots allocated for Both circuit-switched and packet-switched traffic. On
RF1, time slots 2, 3 and 4 are allocated for circuit-switched traffic, i.e., speech traf-
fic. On RF2, time slots 5 and 6 are allocated for circuit-switched traffic, while time
slots 1, 2, 3, and 4 on RF2 are allocated for packet-switched traffic. On RF1, two
time slots 5 and 6 are additionally allocated for On Demand PDCH, that is, they are
used when needed for circuit-switched traffic, which has precedence, but can also
be used for packet-switched traffic if they are idle. Finally, time slots 0and 1 on
RF1 are allocated for signalling.
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For a terminal to be able to utilise GPRS, it needs primarily to carry out a two-step
procedure, on the one hand to inform the operator that the user of the terminal in-
tends to utilise GPRS, and on the other in order to obtain an IP address to be able to
send and receive data. The first step is GPRS Attach, which means that a logical
link is created between the terminal and the affected Serving GPRS Support Node
(SGSN). The SGSN is the node that manages the transport of incoming and outgo-
ing IP packets to and from terminals within its service area, that is, the SGSN serv-

ice area.

The second step is PDP context activation, which means that the affected Gateway
GPRS Support Node (GGSN) is informed that the terminal exists and where it is.
The GGSN is the node that manages the interface between a GPRS network and
external IP networks. PDP context activation can be done at any time, for example,
long before data is actually going to be sent, since the user does not use any radio
resources as long as he/she is not sending or receiving data. PDP context activation
can be any length of time, for example, several days, based entirely on the user’s re-

quirements, the limitations of the terminal or any other factor that limits the time.

This activation can be likened to logging on to a network; the terminal thereby ob-
tains an IP address, static or dynamic, which means that thereafter it can begin to

send and receive data via IP packets.

For the user to then be able to utilise the data services (with varying requirements
for data rate and delay of data packets) offered by the operators, a number of attrib-
utes for quality of service have been standardised, described in the GSM standard

(GSM 02.60, GSM 03.60):

Service Precedence is divided into three different classes that indicate the priority

that a specific service, and the packets belonging to that service, have. A service
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with lower priority risks losing data packets during overloads in the network, which

means that data packets with higher priority having precedence in the network.

Delay is divided into four classes that define the delay that is acceptable in the net-

work.

Reliability is divided into three classes that define the probability of data packet
loss, corrupt data packets, duplicates of data packets and data packets in the wrong

order.

Peak Data Rate specifies the highest data rate that can be expected in the network

during one entire PDP context.

Mean Data Rate specifies the mean data transfer rate that can be expected in the

network during one entire PDP context.

SUMMARY OF THE INVENTION

One problem in mobile telecommunications systems of the type GPRS is that the
attributes defined in the GSM standard for quality of service in GPRS are not really

sufficient to maintain the promised quality of service.

Another problem is that the attribute for mean data rate defined for GPRS is calcu-
lated for one entire PDP context, which is the entire time that a user has an IP allo-
cated to him/her. The problem is that a PDP context can be several days long, which
does not give any reliable indicator of the actual mean data rate during the active

time, and thereby creates problems for carrying out channe] allocation efficiently.
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The purpose of the invention presented here is to arrive at algorithms for channel
allocation during the utilisation of a certain, defined quality of service in the com-
munications system, and in this way to achieve a more efficient utilisation of the

available capacity in the system.

In accordance with the invention, idle capacity is allocated in the communications
system in order to counteract a measured mean data rate becoming less than a cer-
tain value for acceptable data rate. This is done by investigating whether or not the
stated parameters are affected if the channels are de-allocated in favour of new ter-

minals in the system.

The benefits of the invention are that it becomes easier to maintain the promised

quality of service with the help of the new parameters.

Another benefit is that it also makes it easier to manage the quality of service at both

the area and user levels.
Additional benefits are that the operator gets improved possibilities for dimension-
ing the GPRS network and controlling a channel allocation algorithm better, in order

to be able to live up to his promise to guarantee a certain grade of quality of service.

The invention will now be described in greater detail with the help of the submitted

forms of execution and with reference to the attached drawing.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a communications system of known design with nodes and termi-

nals.

Figure 2 shows an example of how a set of radio channels can be allocated.
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Figure 3 shows an example of a flow chart for use by the invention.

Figures 4 a-d show another example of a flow chart for use by the invention.

DESCRIPTION OF PREFERRED EMBODIMENTS

The method according to the invention is intended for a communications system that
handles packet-switched data transport. An example of such a system is the mobile
telecommunications system GSM with the packet data option GPRS. Such a system
comprises one or more radio nodes and one or more mobiles that communicate with

one another over a given radio channel.

The new parameters introduced into a communications system, for example GPRS,

are described as follows:

Minimum Acceptable Mean throughput during Active Time (MAMAT), which de-
fines the minimum acceptable data rate during the time a user is active. This pa-
rameter is determined by the operator and can be set at either the user or area level,

where the area, for example, may constitute a mobile cell or a LAN.

Mean throughput during Active Time (MAT) defines the mean data rate during the
time a user is active. This can be calculated as the mean value of a number of meas-

ured values during a certain period of time, here called the active time.

T-Window, which is the number of active times (time periods) during which MAT
is calculated. This means that T-Window is the number of values for data rate used

for mean value calculation of MAT.
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This then gives two parameters (MAMAT, T-Window), which are determined by
the operator; and a third (MAT), which is calculated. Furthermore, different users
can have different MAMAT and T-Window values. Different areas, such as mobile
cells, can have different MAMAT values for one and the same user, and MAMAT
can also be different for the uplink and downlink, respectively, for the same user.
These alternatives/options can be used by the operator to achieve the required qual-

ity of service.

The active time T is the time during which you measure a MAT value for a user or
area. Preferably, the active time T corresponds to the time that a user is active, that
is, the time during which he/she sends or receives data. But it can also be defined in
other ways, for example, as a factor of the user’s previous usage, or simply a certain

time period determined by the operator.

The data rate included in the new parameters can be either the useful data rate or the
raw data rate. Raw data rate is the actual data rate without taking into account the bit
error rate (BER). On the other hand, the useful data rate can be defined as the raw

data rate multiplied by the BER, i.e., the final payload data that the user actually re-

ceives.

In that the new parameters MAT, MAMAT and T-Window are defined, it is possi-
ble to manage and maintain promised quality of service. This is done by calculating
auser’s MAT value and then comparing it with a defined MAMAT value. By doing
this, you get a measure of whether or not the promised quality of service level is

being provided.

An example of how the invention can be used is when an operator decides on a
MAMAT value of 20 kbit/s for User A and 50 kbit/s for User B. User A then re-
ceives 45 kbytes which takes 15 seconds. User B receives, on three separate occa-

sions, 10 kbytes taking 4 seconds, 100 kbytes taking 30 seconds, and 30 kbytes tak-
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ing 10 seconds. These transmissions may have appeared to work well for the user,
but in a calculation of MAT, User A gets a MAT value of 24 kbit/s ((45/15)*8) and
User B gets a MAT value of 23.5 kbit/s (((10/4)+(100/30)+(30/10)*8)/3). When
these MAT values are compared to the MAMAT values however, they show that the
operator is not fulfilling the promised quality of service for User B, and therefore

needs to allocate more capacity to him.

In the example above, the parameter T-Window corresponds to 1 for User A, i.e.,
one active time of 15 seconds that forms the mean value. For User B, T-Window
corresponds to 3, i.e., three active times of 4, 30 and 10 seconds, respectively, that

form the mean value.

In addition, the grade of quality of service can be described as a measure of the
grade of guaranteed data rate or another variable quantity. This means that if an op-
erator offers 100% quality of service it means guaranteed quality of service to all
GPRS users, anywhere, anytime. If the grade of quality of service is 0% on the other
hand, it means that all GPRS traffic is best effort. Another example is where the op-
erator offer a grade of quality of service of 90%, which means that for 90% of the
time, the quality of service is guaranteed, while the remainder of the time, best effort

only is offered.

The grade of quality of service together with the new parameters can then be used
by operators when the network is going to be dimensioned. At this time, the operator
sets MAMAT and T-Window values at the area or user level. Being able to set the
parameters at the area level allows the operator to set lower tolerances within areas
that are often overloaded. Furthermore, a static counter that specifies the proportion
or the number of users whose MAT values are less than their MAMAT values, or
the proportion of the active time that a user’s MAT is less than his MAMAT. This

then gives the operator better support for being able to investigate whether the grade
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of quality of service goals are being met, or if the network needs to be re-

dimensioned.

The new parameters also allow the possibility of introducing a channel allocation
algorithm to assist in allocating or de-allocating GPRS-specific time slots. The pur-
pose of the algorithm is to increase or decrease the number of time slots used for
GPRS when the need arises. This need might be, for example, increased demand on-
the data rate or a user who is going to connect a speech call, which has higher prior-
ity because it is circuit-switched and has precedence in radio channels of the type

On Demand PDCH.

The algorithm for channel allocation can be divided into several different parts, for
example, one part that handles new terminals arriving in the area, such as a new
mobile that comes into a cell, or a new user who logs onto a network; and one part

that handles already visible terminals in the area.

Figure 3 shows a flow chart for the management of already visible terminals in the
system. This procedure can be carried out as required or continuously in accordance
with a discretionary schedule. The first step 10 is to check if there are any terminals
whose MAT values are less than their MAMAT values. If this is not the case (NO),
the algorithm begins again at the beginning and checks all terminals again. How-
ever, if there is a terminal (YES) that has a MAT value less than the MAMAT, one
proceeds to the next step 11 which checks to see if there is any idle time slot that
can be allocated for packet-switched data traffic, i.e., an idle Dedicated PDCH or
idle On Demand PDCH. This also includes free space in time slot that is already
being used by another GPRS user, since several users can share a single time slot in
GPRS. If there is idle capacity (YES), step 12 is executed in which the time slot is
allocated to the terminal for use by that terminal. Thereafter the algorithm returns to

the first step of checking all the terminals again. However, if no idle time slot for
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packet-switched traffic is found (NO), one returns directly to the first step without

any action.

Figures 4 a-d show a flow chart for the management of new terminals arriving in the
system. Figure 4 shows the first step 20 which is a new terminal wanting admittance
to the system. The second step checks if the terminal is requesting packet-switched
traffic. If this is not the case (NO), the next step 22 is executed, which checks to
find out if 2 or more time slots are being requested by the terminal. If the terminal is
not requesting this (NO), step 23 is executed, which checks if there is a free time
slot that can be allocated for circuit-switched traffic. If there is (YES), the time slot
is allocated in step 28 for the terminal’s usage, since it had requested a circuit-
switched service. If, on the other hand, there is not free time slot (NO), step 24 is
executed, which checks if there are any time slot allocated as On Demand, which is
used for packet-switched traffic. If there is none (NO) the terminal is blocked in step
27, but if there is one (YES), step 25 is executed, which checks if any user will get a
MAT value that is less than his MAMAT value if an On Demand ﬁme slot is de-
allocated in favour of circuit-switched traffic. If there is such a user (YES), the new
terminal is blocked in step 27, but if this is not expected to happen (NO), the allo-
cated time slot for packet-switched traffic is de-allocated in step 26 and then allo-

cated in step 28 for circuit-switched traffic.

In step 22 in Figure 4a, if two or more time slots are requested (YES), the number of
time slots is assumed to be x, step 40 in Figure 4c is executed, which checks if
HSCSD fixed services are being requested. If this is so (YES), step 41 is executed,
which checks if there are x number of free time slots for circuit-switched traffic. If
there are (YES), the free time slots are allocated in step 46 to circuit-switched traf-
fic. On the other hand, if there are none (NO), step 42 checks if there are allocated
On Demand time slots, which are used for packet-switched traffic. If there are none
of these either (NO), the terminal is blocked in step 45. If, however, there are allo-

cated On Demand time slots used for packet-switched traffic (YES), step 43 checks
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if any user will get a MAT value less than his MAMAT value if an On Demand time
slot is de-allocated in favour of circuit-switched traffic. If there is such a user

(YES), the new terminal is blocked in step 45, but if this is not expected to occur
(NO), the time slot allocated for packet-switched traffic is de-allocated in step 44
and then you return to step 41 to continue searching for the requested number of free

time slots x.

In step 40 in Figure 4c, if HSCSD is not requested (NO), step 50 is executed in-
stead, which checks if there are x number of free time slots for circuit-switched traf-
fic. If there are (YES), the time slots are allocated for circuit-switched traffic in step
57. If, on the other hand, there are none (NO), step 51 checks if there are allocated
On Demand time slots used for packet-switched traffic. If there are none (NO), the
number of requested time slots is decreased by one in step 54 and then step 55
checks that x is not equal to zero. If x is zero (YES), the terminal is blocked in step
56, otherwise (NO) you go back to step 50. If, on the other hand, there are allocated
On Demand time slots used for packet-switched traffic (YES), step 52 checks if any
user will get a MAT value less than his MAMAT value if an On Demand time slot
is de-allocated in favour of circuit-switched traffic. If such a user exists (YES), step
54 mentioned above is executed and thereafter step 55. If there is no such user
(NO), an On Demand time slot is de-allocated in step 53 to then you return to step

50 to search for x number of free time slots.

In step 21 in Figure 4a, if a packet-switched service is requested (YES), step 30 in
Figure 4b is executed, which checks if any user’s MAT value will become less than
his MAMAT value if the new terminal is added to the system. If there is no such
user (NO), capacity is allocated in step 34 for the new terminal in a completely free
time slot or a time slot with idle capacity where the terminal shares the time slot
with other users. If, on the other hand, there is any user whose MAT value would

become less than MAMAT value (YES), step 31 is executed, which checks if there



10

WO 02/39769 PCT/SE01/02511
12

are free time slots that can be allocated for packet-switched traffic. if there are no
free time slots (NO), the terminal is blocked in step 32, but if there is a free time slot
(YES), it is allocated in step 33 for use by packet-switched traffic and then in step

34, space is made for the terminal in the system.

The invention is naturally not limited to the embodiments described above and in
the drawings, but can be modified within the framework of the enclosed patent
claims. For example, the invention can even be applied to local data networks
(LAN), Ethernet-based networks, a large TCP/IP-based network, or a mobile UMTS
networks of the WCDMA type, for example, where mobile users may use high data

rates and associated applications. The invention is additionally useful in other mo-

bile systems such as Personal Digital Cellular (PDC) and Digital Advanced Mobile

Phone System (D-AMPS) and all other communications systems that can bear data
traffic.
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CLAIMS

1. A method in a communications system comprising a number of nodes that
communicate with terminals, wherein communication occurs in part or in whole by
packet-switched traffic, in order to allocate idle capacity, characterised in that the

allocation is effected in order to maintain the grade of quality of service in the system.

2. A method in a communications system comprising a number of nodes that
communicate with terminals, wherein communication occurs in part or in whole by
packet-switched traffic, in order to allocate a free channel to a terminal in circuit-
switched traffic, in dependence of the grade of quality of service in the system, and
where at least one channel is requested by the terminal, characterised by the steps:
a) investigating (23; Fig. 4a) if a free channel is available for the circuit-switched
service h

b) investigating (24) if an On Demand channel is free where no channel as described
in a) is free;

c) investigating (25) if the stated quality of service is ruined if the stated channel as
described in b) is de-allocated; and

d) if this is not the case, de-allocating (26) the stated channel and thereafter allocating

(28) the now free channel to the requesting terminal.

3. A method according to Claim 2, characterised in that if b) is not the case, or

alternatively, if ¢) is the case, the terminal is blocked (27) from the system.

4. A method in a communications system comprising a number of nodes that
communicate with terminals, wherein communication occurs in part or in whole by
packet-switched traffic, in order to allocate a free channel to a terminal in packet-
switched traffic (GPRS), in dependence of the grade of quality of service in the system
and where at least one channel is requested by the terminal,

characterised by the steps:

a) investigating (30; Fig. 4b) if the stated quality of service is ruined if a new terminal

is added to the system;

RECTIFIED SHEET (RULE 91)
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b) if this is not the case, allocation (34) of a packet-switched channel for the terminal.

5. A method according to Claim 4, characterised by that if a) is the case, the
following steps are executed:

c) investigating (31; Fig. 4b) if there is a free channel for the packet-switched service;
d) allocation (33) of the free channel for the packet-switched service if ¢) is the case;
and

e) allocation (34) to the terminal of the allocated channel for the packet-switched

service.

6. A method according to Claim 5, characterised by that if ¢) is not the case, the

terminal is blocked (32) from the system.

7. A method in a communications system comprising a number of nodes that
communicate with terminals, wherein communication occurs in part or in whole by
circuit-switched traffic, in order to allocate a free channel to a terminal in circuit-
switched traffic, in dependence of the grade of quality of service in the system, and
where at least two channels are requested by the terminal,

characterised by the steps:

a) investigating (50; Fig. 4d) to see if a free channel is available for the circuit-
switched service;

b) investigating (51) if an On Demand channel is free in the case that no channel as in
a) is free;

c) investigating (52) if the stated quality of service is ruined if the stated channel as in
b) is de-allocated; and

d) if ¢) is not the case, de-allocation (53) of the stated channel and return to

investigating (50) to see if there is a free channel available.

8. Procedure as described in Patent Claim 7, characterised by that if b) is not the
case, or alternatively that c) is the case, the following steps are executed:
e) reduction (54) of the number (x) of channels requested by one;

f) investigating (55) if the number (x) of channels requested is zero;

RECTIFIED SHEET (RULE 91)
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g) if f) is not the case, return to investigating (50) to see if there are free channels

available.

9. A method according to Claim 8, characterised in that if f) is the case, the terminal

is blocked (56) from the system.

10. A method in a communications system comprising a number of nodes that
communicate with terminals, it being understood that communication occurs in part or
in whole with circuit-switched traffic, in order to allocate a free channel to a terminal
in circuit-switched traffic, in dependence of the grade of quality of service in the
system, and where at least two channels and HSCSD fixed services are requested by
the terminal,

characterised by the steps:

a) investigating (41; Fig. 4c) if a free channel is available for the circuit-switched
service;

b) investigating (42) if an On Demand channel is free in the case that no channel as in
a) is free;

c) investigating (43) if the stated quality of service is ruined if the stated channel as in
b) is de-allocated; and

d) if c) is not the case, de-allocating (44) the stated channel and thereafter return to

investigating (41) if a free channel is available.

11. A method according to Claim 10, characterised by that if a) is the case, allocate

(46) the required number of free channels.

12. A method according to any one of the Claims 10-11, characterised by that if b) is

not the case, or alternatively if ¢) is the case, bar (45) the terminal from the system.

13. A method according to any one of the Claims 1-11, characterised by that
allocation of idle capacity is effected in order to prevent the mean data rate (MAT)
during the active time (T) from dropping below a defined value for the minimum

acceptable data rate (MAMAT).

RECTIFIED SHEET (RULE 91)
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