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(57) A method and an apparatus for allocating channels
to multislot connections 1n a mobile telecommunication
network are disclosed, said method comprising the
following steps: Sorting all available channels 1nto
Multislot Resource Groups (RGs); selecting one of the
RGs fulfilling the following requirements: at least the
requested number of 1dle channels are identified,
fulfilling the requirements of the mobile class of the
mobile terminal concerned, as few 1idle channels as
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belonging to the least adaptable TCH capabilities group,
following the selected strategy for the non-hopping
TCHs on the BCCH {frequency, having the lowest
interference, hopping over as many Ifrequencies as
possible are 1dentified, 1f frequency hopping 1s used.
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A method and an
apparatus for  allocating
channels to multislot 1
connections in a mobile
telecommunication network
are disclosed, said method 15
comprising the following
steps: Sorting all available
channels into Multislot
Resource Groups (RGs);
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i selecting one of the RGs
| fulfilling the  following

(54) Titlee: METHOD AND DEVICE IN A MOBILE TELECOMMUNICATION NETWORK
requirements: at least the

&3
requested number of idle

channels are identified, fulfilling the requirements of the mobile class of the mobile terminal concermned, as few idle channels as possible
above the requested number of channels, belonging to the least adaptable TCH capabilities group, following the selected strategy for the

non-hopping TCHs on the BCCH frequency, having the lowest interference, hopping over as many frequencies as possible are identified,
if frequency hopping is used.
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Method and Device in a Mobile Telecommunication Network

Technical Field

The present invention relates to the field of mobile communication between a base
station and a mobile terminal, and in particular to connections with high transmis-

sion rates in a Time Division Multiplex Access (TDMA) system, such as the GSM
system.

Background

In a TDMA system, 60mmunication between the base station and a mobile terminal
takes place in channels. A number of channels are transmitted on one carmner fre-
quency using time division muitiplex. The transmission on each carner frequency
takes place in time slots, and each physical channel occupies one time slot. As an
example, in GSM, e ghf physical channels at a time may share the same carner fre-
quency, that is, eight time slots constitute one frame. One traffic channel (TCH) oc-
cupies one physical channel, and one connection usually involves one TCH. In this

way, all connections are transferred at the same maximum bit rate. At present, the

maximum bit rate is 9.6 kbit/s for payload information.

According to the GSM standard, frequency hopping may be used, that 1s, at regular

intervals the carrier frequency is changed, to minimize the effects of multipath fad-
ing and the disturbances between the channels.

High Speed Circuit Switched Data (HSCSD) has been introduced in the GSM stan-
dard to enable connections with higher transmission rates. HSCSD connections use
a multislot configuration of channels for transmitting data, that 1s, one connection 1s
allowed to occupy more than one channel, that is, more than one time slot in each

frame. The network architecture to support HSCSD allows a maximum of eight in-

dependent full rate traffic channels to be used for one connection, to achieve a bit
rate eight times higher than the normal bit rate. -

- - rre——— A whu AT TIPS ity Lbwh et o == - =+ - . o
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Different mobile terminals are capable of handling different numbers of channels.

The maximum number of uplink channels and downlink channels, respectively, and

the total maximum number of channels may be restricted. In the GSM standard, 18

different mobile classes have been defined, specifying the number of channels that a
mobile terminal 1s able to handle. Other restrictions are also specified; for example
some mobile terminals can only handle consecutive channels in a multisiot connec-
tion, whereas others can handle any combination of channels. The simplest mobile
class only handles one uplink channel and one downlink channel. The most ad-

vanced mobile class handles up to eight channels in each direction, and any combi-

nation of channels rriay be used.

The GSM standard states that all channels to be allocated to one mobile connection
1n a multislot conﬁguraﬁon must have the same Training Sequence Code (TSC),

Hopping Sequence Number (HSN), Mobile Allocation (MA) and Mobile Allocation
Index Offset (MAIO), if frequency hopping is used. If frequency hopping is not

- used, all channels used in the same multisiot configuration must have the same TSC

and Absolute Radio Frequency Channel (ARFCN). This means that all channels in a
multislot configuration transmit and receive on the same frequencies at the same

time, with the same TSC, even when frequency hopping is used.

According to the GSM standard, different speech versions may be used, in depend-
ence of the type of mobile terminal used. Version I full rate was the original speech
version and i1s still used by some mobile terminals. Later, Version II, enhanced full

rate and half rate have been added. Different channels support different speech ver-

sion. One channel may support only one speech version or several different ones,

depending on the network equipment used.

For standard connections occupying one channel, algorithms have been disclosed

for allocating one channel to one connection. For example, US Patent 5,448,750
discloses a method for dynamic channel allocation. Channels are ranked in a prior=

ity list according to their performance in previous connections.
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There is, however, no way of allocating more than one channel to a connection in a
suitable way. If a connection requires the use of more than one channel, normally a
known algorithm for assigning one channel is used. If there are other idle channels
on fulfilling the requirements for a multislot connection, that 1s, transmitting on the
same frequency and with the same frequency hopping pattern, these channels may
then be used for a multislot connection. Depending on the mobile terminal used, the
channels used in a multislot connection may have to occupy consecutive time slots
in a frame, which also cannot be ensured with known methods. Thus, there is vir-

tually no way of ensuring that the desired number of additional channels can be
added.

In most mobile telephony systems, channel spacing is used, that 1s, the uplink car-
rier frequency and the downlink frequency used in a connection are always at a
specified distance from each other. When a carrier frequency has been selected for
one direction, the carrier frequency to be used in the other direction is given. Thus,

when high transmission rates are desired in both directions, it must be ensured that

the desired number of channels are available on both the uplink and the downlink
carner frequencies.

Ideally the allocation of multislot connections should fulfil the requirements listed

below:

e  The maximum radio interface data rate should be as high as possible.

e  The idle channels should be selected in such a way that the chance of estab-
lishing subsequent mulfisiot channels 1s maximized.

*  The idle channels should be selected in such a way as to allow allocation of
suitable channels to subsequently requested speech connections. Therefore, the
channels supporting the largest number of speech versions should be left idle if
possible.

*  The idle channels should be selected according to the strategy preferred by the
operator regarding non-hopping TCHs on the BCCH frequency. -

*  Channels with low interference should be selected.

-Mwm Im‘l“l"ﬂ""‘“"‘“""" . .
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*  The channels should be selected in such a way as to minimize the impact of
interference and multipath fading in the system, by using frequency hopping in
an efficient way.

The channel allocation algorithm should be fast.

The channels should be selected in such a way as to allow the desired number
of channels in the uplink direction and the downlink direction.

Summary of the Invention

It 1s an object of the present invention to define a way to select and allocate chan-

nels for multislot connections of the desired capacity.

It 1s another object of the invention to allocate channels to multislot connections in

such a way as to minimize the interference between the connections.

It 1s yet another object to decrease the time needed for channel allocation in mul-
tislot configurations compared to the prior art solutions.

It 1s still another object to achieve a method fulfilling the requirements listed above.

These objects are achieved according to the present invention by a method for the
aliocation of channels to a high transmission rate connection between a base station
and a mobile terminal in a mobile telecommunication network, said high transmis-
sion rate connection being achieved by allowing one connection to occupy more
than one physical channel, said method comprising the following steps:

- Sorting all channels that may be used for transmitting traffic in the mobile network

into groups, each group comprising all channels that are allocatable to one connec-
tion in the network:

- When requesting a connection, specifying a number of channels desired for the
connection;

- Selecting a suitable group for the connection. -
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To refine the selection, the method may comprise the following additional steps:

- identifying the mobile class of the mobile terminal that 1s to take part in the con-

nection.

- identifying the groups that have at least the desired number of idle channels.
- if no groups have at least the desired number of idle channels, identifying the
groups having the highest number of idle channels.

- identifying the groups having the lowest number of 1dle channels above the desired
number of channels.

- identifying the groups from the least adaptable TCH capabilities group.
- identifying the groups having the lowest interference level.

- identifying the groups following the selected strategy for assigning the traffic
channels on the BCCH frequency.

- identifying the groups hopping over the largest number of frequencies.

The method according to the invention may be performed for downlink channels,
uplink channels or both.

A network allocation node for use 1n a mobile telecommunication network 1s also

disclosed, said node comprising:

- a list of all groups of channels that can be used together for a connection between

a base station and a mobile termminal,

- means for carrying out the mnventive method.

The invention offers the following advantages:

The highest possible total radio interface transmission rate 1s achieved for each con-

nection set up according to the invention.

The probability of success in achieving high transmission rates for multisliot channel

allocations is increased compared to the prior art solutions. -
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The probability of allocating channels supporting the requested speech version for

further speech connections is increased compared to the prior art solutions.

The 1dle channels may be selected to minimize multipath fading and achieve inter-
ference averaging when mulitislot configurations are allocated, giving an improved

and more uniform speech quality and enabling a shorter frequency reuse distance.

Brief Description of the Drawings

Figure 1 shows the signalling principle between a base station and a mobile terminal
according to TDMA, '

Figure 2 shows the basic building blocks of a mobile telephony network,

Figures 3A - 3E show, somewhat simplified, the different signal formats used in a
GSM system, '

Figure 4 shows the principles for the downlink control signalling according to the
GSM protocols,

Figure 5 is a flow chart of the procedure for allocating a downlink multislot con-
nection according to the invention.

Detailed Description of Embodiments

Figure 1 shows the transmission befween a base station 1 and a mobile terminal 3 in
a mobile telephone network. A number of channels, usually eight, share the same

carrier frequency by means of time division multiplexing.

The transmission direction from the base station 1 to the mobile terminal 3 is re-
ferred to as the downlink, or forward, direction and is indicated by an arrow 5. The
transmission direction from the mobile terminal 3 to the base station 1 is referred to

as the uphink, or reverse, direction and is indicated by an arrow 7.

Normally, different frequency bands are used for downlink and uplink transmission.
This 1s referred to as Frequency Division Duplex (FDD). Time Division Duplex -
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(TDD), in which the same frequencies are used in both directions but at different

times, is rarely used.

Figure 2 shows the basic building blocks of a mobile telecommunication network.

5 As in Figure 1, there is a base station 11 communicating with a mobile terminal 13.
The downlink direction is indicated by an arrow 15 and the uplink direction is indi-
cated by an arrow 17. The base station 11 is connected to a Base Station Controller
(BSC) 19, which primarily controls the radio network. Its most important task is to
ensure the efficient use of the resources in the mobile network. Several base stations

10 may be connected to one BSC.

The BSC 19 is conhected to a Mobile Switching Centre (MSC) 21, which performs
all switching functions related to call processing in the mobile network. The MSC
21 1s typically connected to a Public Services Telephone Network (PSTN) 23, and

15 to other telecommunication networks, as common 1n the art.

The BSC performs the following functions:

o Allocation of network resources, such as radio chaimels,

Administration of cell description data and cell configuration data, such as
- 20 Cell Global Identity (CGI), Basé Station Identity Code (BSIC) and BCCH

number,

e  Administration of system information data and locating data

. Traffic and event measurements, such as measurements of the number of call

attempts, congestion, number of handovers, etc.
25 e  Measurements on idle channels, for example to enable the allocation of the

channel with the lowest interference for a call,

e Traffic recordings, to trace events during a call, for example, to detect mal-
function in the network.

30 As will be obvious to the skilled person, these functions may be implemented 1in dif-
ferent ways, and not necessarily in the same unit. Also, the BSC and the MSC func-
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tions may be implemented in one unit. The functions important to this invention are

primanly the resource allocation functions.

According to the invention, the list of all the multislot RGs available is stored in the
BSC 19. The BSC 19 also comprises means for selecting the appropriate multislot

RG for a requested connection. The selection is carried out according to the method

described in connection with Figure 5.

Signalling in TDMA Systems
In a TDMA system, each carrier frequency is divided into a number of time slots. In

this example, as shown in Figure 1, there are eight time slots, TSO, TS1...., TS7.
These eight time slots make up one TDMA frame, as shown in Figure 1. 26 or 51
frames make up one multiframe. The same time slot in a sequence of frames, e. g.

time slot 0 in all the frames, is referred to as a physical channel.

One ‘physical channel may be used, at different times, for transmission of different
logical channels. Logical channels may be either traffic channels carrying payload
or control channels carrying different kinds of control information. One telephone

~ call uses one physical channel for transmission in each direction for the duration of

the talk.

The information on the control channels is carried in bursts. A burst comprises the

information in the same time slot in a sequence of frames of predefined length. The

different types of bursts are shown, somewhat simplified, in Figures 3A-3E.

Figure 3A shows the normal burst, which is used to carry information on traffic
channels and on certain control channels, such as BCCH and PCH.

The first eight bits are tail bits TB, which signify a start point. The following bit se-
quence carmnes encrypted data or speech. Then follows a Tramning Sequence Code

(ISC), that 1s, a specified bit pattern used by the equalizer to create a channel mode
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and another sequence of encrypted data or speech. The last eight bits are again tail
bits TB, this time signifying a stop point. The tail bits are always set to 0, 0, O.

Figure 3B shows the frequency correction burst, which is used for frequency syn-
chronization of the mobile términal. Eight tail bits TB are followed by a sequence of
fixed bits and eight more tail bits TB.

Figure 3C shows the synchronization burst, which is used for the time synchroniza-
tion of the mobile terminal. It contains eight tail bits TB, a sequence of encrypted
bits, a long synchronization sequence another sequence of encrypted bits and eight

more tail bits. The encrypted sequences carry the information of the TDMA Frame
Number (FN) and Base Station Identity Code (BSIC).

Figure 3D shows the acéess burst, which 1s used for uplink signalling at random ac-

cess and handover access. The access burst comprises eight tail bits TB followed

by a synchronmization sequence, a sequence of encrypted bits and eight more tail bits
TB.

Figure 3E shows the dummy burst, which is transmitted on the BCCH carrier fre-
quency when no other information is to be transmitted on this frequency. Eight tail
bits TB are followed by a sequence of mixed bits, a TSC, another sequence of

mixed bits and eight more tail bits TB. The dummy burst carries no information.
The logical channels relevant to the invention are as follows:

The Broadcast Control Channel (BCCH) and the Paging Channel (PCH) are
transmitted as normal bursts, as shown in Figure 3A. BCCH comprises general in-
formation about the cell, and PCH is used to page a mobile terminal.
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In 1dle mode, the downlink transmission, that 1s, from the bése station to the mobile
terminal, normally comprises normal bursts (BCCH and PCH), frequency correction

- bursts (FCCH), synchronization bursts (SCH) and dummy bursts.

A mobile terminal is normally only capable of transmitting normal bursts and access
bursts.

Two control channels that are of relevance to the present invention are the Fast As-
sociated Control Channel (FACCH) and the Slow Associated Control Channel
(SACCH). The FACCH is used for the signalling in connection with handover, that
1s, when a connection between a mobile terminal and a base station moves to an-
other base station. The SACCH is used for uplink transmission of measurements of

signal strength and .quality and for downlink transmission of system information
such as the transmitting power to be used.

Only one of the physical channels used in a mulitislot connection carries an F ACCH,
handling the FACCH signaliling for all the physical channels included in the mul-
tislot connection. The channel carrying the FACCH is called the Main Channel. The

Slow Associated Control Channel (SACCH) associated with it is called the Main

SACCH. The Main Channel carries the main signalling link used for the downlink

signalling.

The following new channel combinations are included for HSCSD:
TCH/F + FACCH/F + SACCH/M  (Main Channel)

TCH/F + SACCH/M (Bi-directional Channel)
TCH/FD + SACCH/MD (Uni-directional Channel)

The suffix F indicates full rate transmission, and FD indicates full rate transmission.
in the downlink direction only. The suffix M indicates a multislot configuration, and
MD 1ndicates a multislo configuration in the downlink direction only. —
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Figure 4A shows the principles for the downlink control signalling that takes place
in time slot 0 of channel C, according to the GSM protocols. The physical channel

‘defined by this time slot comprises the following channels: FCCH, SCH, BCCH, as

defined above, and the Common Control Channel (CCCH), which comprises the
PCH.

Figure 4B shows the mapping of the control channels FCCH, SCH, BCCH and
CCCH 1n a non-combined cell in GSM, as an example of a TDMA system. An
FCCH frame is followed by an SCH frame, four BCCH frames and four CCCH
frames. Then, the following pattern occurs four times: One FCCH frame, one SCH

frame, four BCCH frames and four CCCH frames. The sequence ends with an 1dle
frame.

On all channels except the BCCH and the channels transmitting on the saine fre-
quency as the BCCH, frequency hopping is used. The BCCH channel, which is used
for transmitting broadcast messages, uses a higher transmit power than the other
channels. Some network operators find 1t desirable that the traffic channels on the
BCCH frequency, for which frequency hopping is not used, are allocated first. Oth-

ers prefer these traffic channels to be allocated last, and others again have no prefer-

cnce.

- To make the process of allocating channels for muitisiot configurations as fast as

possible, the available channels are sorted into Multislot Resource Groups (RGs).
Channels belonging to the same Multislot RG can be allocated to the same mobile
terminal in a multislot configuration. All channels that can be used together for a
multisiot connection are grouped together. For GSM this means that all channels
transmitting on the same frequency, with the same frequency hopping pattern and
having the same TSC, are put in one group. Hence, a multislot RG 1n GSM may

comprise a maximum of eight channels.
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All channels that are available for multislot traffic are automatically sorted into

multislot RGs. The multislot RGs may comprise the downlink channels of one fre-

quency, and the uplink channels of the corresponding uplink frequency, or only
downlink channels or uplink channels. When channel allocation is to be performed,
the sorted list can be used, which will reduce the time needed for channel allocation.
Normally, the list 1s stored in a telephone exchange known as a Base Station Con-
trolier (BSC). The BSC also controls the selection of Multislot RGs.

The traffic channels may have different traffic channel capabilities, that is, the
channel rate and speech version may vary. A traffic channel capabilities group 1s a
group of physical channels supporting the same traffic channel capabilities. For ex-
ample, a group could consist of the traffic channels supporting full rate, speech full
rate version 1 and another group could consist of the traffic channels supporting full

rate, speech full rate version 2.

A traffic channel capabilities group may support several different traffic channel ca-
pabilities. The least adaptable traffic channel capabilities group is the group that
supports the fewest different channel rates and speech versions. It is desirable to

select the least adaptable traffic channel for a new connection, to keep the maximum

flexibility for subsequent connections in the system.

Figure 5 shows the method used for channel allocation according to the invention,

when a higher transmission rate is desired.

Step S51:  The number of channels needed to achieve the desired total radio inter-
face data rate is determined. This is the requested number of channels.

Downhink channels or uplink channels, or both, may be specified.

Step S52:  The mobile class of the mobile terminal that is to take part in the con-

nection 1s determined. -
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The multislot RGs having at least the requested number of idle channels
are 1dentified.

Among the multislot RGs identified 1n step S53, the multislot RGs for
which it is possible to allocate at least the requested number of idle

channels, considering the requirements of the mobile class found in step
S52, are 1dentified.

Among the multislot RGs 1dentified 1n step S54, the multislot RGs

having the lowest number of 1dle channels above the requested number
of channels are identified.

Among the multislot RGs identified in step S535, the multislot RGs from
the least adaptable TCH capabilities group are 1dentified using the aver-

age of the TCH capabilities group values for all available channels for
each multisiot RG.

Among the multislot RGs 1dentified 1n step S56, the multislot RGs that
follow the selected strategy for the non-hopping TCHs on the BCCH
frequency are identified. This strategy defines whether the TCHs on the
BCCH frequency, which do not use frequency hopping, are to allocated
first or last, or 1f no preference has been stated.

Among the multislot RGs 1dentified in step S57, the ones having the
lowest interference are identified. Idle channel measurements are used
to determine the interference levels. The measurements may be carried
out in different ways. In the simplest case, only the channel having the
poorest interference value of all available channels for each multisiot
RG 1s taken into account. It would also be possible to calculate an aver-
age value for all channels. This would give a better result but would
also require a greater capacity for calculations.

PCT/SE98/01709
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Step S59: Among the multislot RGs identified in step S58, the multislot RGs

hopping over as many frequencies as possible are identified, if fre-
quency hopping is used.
If a multislot connection is requested in both directions and no multisiot RG 1S
found to satisfy the requirements regarding both the uplink and the downlink chan-

nels, the system may attempt to optimize the selection according to one of the fol-
lowing rules:

*  With regard to uplink channels,
*  With regard to downlink channels,
*  Withregard to both uplink and downlink channels.

Alternatively, if all rcqtﬁrements cannot be fulfilled, the connection may not be set
up.

For example, if no multislot RG is found to have at least the requested number of

1dle channels in both the uplink and the downlink directions, the system may re-

spond in a number of different ways, for example:

*  The multisiot RG having the requested number of idle channels in one of the
directions is selected (assuming multislot connections have been requested in

both the uplink and the downlink direction)
*  The multislot RG having the largest total number of idle channels is selected,

*  The connection is not set up.

The procedure shown in Figure 5 applies certain criteria for the selection of a mul-
tislot RG. As will be obvious to the skilled person, the steps may be carried out in
any order, starting with the step considered most important. Therefore, the order of
the steps may be changed as desired. Also, steps not considered important may be
omitted. For example, if there is no preference as to the allocation of traffic chan-—

nels on the BCCH frequency, step S57 may be omitted.
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If only one multislot RG remains after any one of the steps in Figure 5, this mul-
tislot RG is selected for the requested connection, regardless of whether or not it

fulfils the remaining criteria. Alternatively, if no multislot RG fulfils all the criteria,

5 the connection may be refused.

If no multislot RG remains after any of the steps, one of the multislot RGs identified

1 the previous step may be selected in a random way.

10 If more than one multislot RG remains after step S57, any one of these multislot
” RGs may be selected for the requested connection. The selection may therefore be

made in a random way.
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Claims

1. A method for the allocation of channels to a high transmission rate connection

between a base station and a mobile terminal in a mobile telecommunication net-

‘work, said high transmission rate connection being achieved by allowing one con-

nection to occupy more than one physical channel, said method comprising the fol-
lowing steps:

- Sorting all channels that may be used for transmitting traffic in the mobile network
into groups, each group comprising all channels that are allocatable to one connec-

tion 1n the network;

- When requesting a connection, specifying a number of channels desired for the
connection;

- Selecting a suitable group for the connection.

~ 2. A method according to claim 1, characterized by the step of identifying the

mobile class of the mobile terminal that is to take part in the connection.

3. A method according to claim 1 or 2, characterized by the step of identifying the
groups that have at least the desired number of 1dle channels.

4. A method according to claim 3, characterized by the step of, if no groups have at

least the desired number of idle channels, identifying the groups having the highest
number of idle channels.

5. A method according to any one of the preceding claims, characterized by the

step of identifying the groups having the lowest number of idle channels above the
desired number of channels.

6. A method according to any one of the preceding claims characterized by the step
of 1identifying the groups from the least adaptable TCH capabilities group. }




10

15

20

25

30

CA 02305160 2000-03-29

WO 99/17583 PCT/SE98/01709

17

7. A method according to any one of the preceding claims, characterized by the

step of 1dentifying the groups having the lowest interference level.

8. A method according to any one of the preceding claims, charaéterized by the

step of identifying the grduﬁs following the selected strategy for assigning the traffic
channels on the BCCH frequency.

9. A method according to any one of the preceding claims, characterized by the
step of identifying the groups hopping over the largest number of frequencies.

10. A method according to any one of the preceding claims, characterized in that

the channel allocation 1s performed with regard to the downlink channels or the
uplink channels.

11. A method according to any one of the claims 1-9, characterized in that the
channel allocation 1s performed with regard to both uplink and downlink channels.

12. A method according to claim 11, characterized in that, if all criteria for the se-

lection cannot be met, the channel allocation is optimized with regard to the uplink

channels, or with regard to the downlink channels.

13. A method according to claim 11, characterized in that, if all critena for the se-

lection cannot be met, the channel allocation is optimized with regard to the entire

connection.

14. A node for allocating network resources in a mobile telecommunication net-

work, characterized in that it comprises:

- a list of all groups of channels that can be used together for a connection between
a base station and a mobile terminal.

- means for carrying out the method according to any one of claims 1-11.
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