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(57) Abstract

A method of operating a time division multiple access (TDMA) radio system having multi—slot capabilities and utilising half-duplex
transmission/reception where uplink and downlink user data transmissions between a mobile station (MS) (2) and a base station (BS) (3)
are made in separate TDMA frames. A greater number of time slots are allocated to the mobile station (2) in each downlink TDMA frame
than in each uplink TDMA frame to improve the efficiency of radio resource allocation and of the radio module (4) of the mobile station
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Time Division Multiple Access Radio Systems

The present invention relates to time division multiple access radio systems and
more particularly to time division multiple access radio systems which have multi-slot
capabilities.

Many existing digital wireless or mobile telephone networks make use of time
division multiple access (TDMA) to share out radio resources between a number of
mobile stations and between a number of channels. For example, in the European
Telecommunications Standards Institute (ETSI) GSM standard, a given frequency
band is divided in the time domain into a succession of frames, known as TDMA
(Time Division Multipiexed Access) frames. The length of a TDMA frame is
4.615ms. Each TDMA frame is in turn divided into eight consecutive siots of equal
duration. In the conventional circuit switched transmission mode, when a call is
initiated, a full rate bidirectional traffic channel (TCH/F) is defined for that call by
reserving two time slots (1 to 8), in each of a succession of TDMA frames, for the
duration of the call. One of these slots provides the downiink from the base station

(BS) to the mobile station MS) whilst the other provides the uplink.

The circuit switched transmission mode in GSM provides for a data transmission rate
of 9.6kbps. However, due to the demand for higher transmission rates, a set of
GSM enhancements known as GSM Phase 2+ have been specified by ETSI. One of
the main features of GSM Phase 2+ is known as High Speed Circuit Switched Data
(HSCSD - specified in GSM 02.34 and GSM 03.34) which achieves an increased
data transmission rate by using more than one TCH/F for a single connection (i.e.

effectively reserving two or more consecutive time slots in each TDMA frame).

GSM Phase 2+ also specifies (see for example GSM 01.60, 02.60, 03.60, and 03.64)
a new feature known as General Packet Radio Service (GPRS). GPRS provides for
the dynamic allocation of radio resources, with the allocation for uplink and downlink
communications being made separately and independently of each other. That is to
say that a time slot is allocated to a particular MS to BSS link oniy when there is data
to be transmitted. The unnecessary reservation of a TCH/F, when there is no data to
be transmitted, is thus avoided. In addition, a high speed packet switched
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transmission channel may be provided by assigning two or more slots in each of a

succession of TDMA frames to a single MS. o

In the current GSM standard, because only a single time slot in each TDMA frame
can be reserved for the uplink channel, and similarly for the downlink channel, it is
easy to keep the two reserved slots separated in time so that a single radio module
can be used, in the MS, for both transmission and reception. This module can also
be used for monitoring the radio conditions in the serving cell and in neighbouring
cells. However, with the introduction of HSCSD and GPRS where the number of
reserved slots in a TDMA frame is variable, if slots are reserved for both uplink and
downlink transmission in the same TDMA frame then there exists the possibility that
uplink and downlink slots will overlap in time. Communication is then ‘full-duplex’
and it is necessary to provide separate radio modules for transmission, reception,
and monitoring, i.e. a total of three radio modules. The preferred option is therefore
to use only ‘half-duplex’ communication where uplink and downlink transmissions are
made in alternate TDMA frames. The possibility for uplink and downlink
transmissions to overlap is therefore eliminated as is the need for separate radio
modules in the MS. Current proposals are for symmetric uplink and downlink
resource allocation where the same number of time slots in alternate frames are

reserved for both uplink and downlink transmissions.

According to a first aspect of the present invention there is provided a method of
operating a time division multiple access (TDMA) radio system having multi-slot
capabilities and utilising half-duplex transmission/reception where uplink and
downlink user data transmissions between a mobile station (MS) and a base station
(BS) are made in separate TDMA frames, the method comprising allocating a
greater number of time slots in each downlink TDMA frame than in each uplink
TDMA frame, to said mobile station.

This asymmetric allocation of resources is possible because the amount of data
transferred over the downlink is, in general, considerably greater than that
transferred over the uplink. For example, where the MS is used to access the
Internet. The present invention gives rise to a number of significant advantages over
the previously proposed symmetric allocation. Firstly, because the MS is transmitting

over fewer time slots, the implementation of the power ampilifier of the radio module
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is made simpler. Power losses are reduced as, consequently, are heat sink
requirements. Secondly, power consumption is reduced increasing the stand-by and
active operating times of the MS and making the selection of appropriate batteries
easier. Thirdly, the price of the mobile station is reduced.

Preferably, the uplink and downlink TDMA frames are provided by alternate TDMA
frames of a selected frequency band. The TDMA radio system may utilise GPRS or
HSCSD protocols. However, other suitable protocols may also be used.

Embodiments of the invention may make use of four time slots for the downlink and

two time slots for the uplink. However, any other suitable combination may be used.

According to a second aspect of the present invention there is provided a time
division multiple access (TDMA) radio system having multi-siot capabilities and
utilising half-duplex transmission/reception where uplink and downlink user data
transmissions between a mobile station (MS) and a base station (BS) are made in
separate TDMA frames, the system comprising control means capable of allocating
a greater number of time slots in each downlink TDMA frame than in each uplink

TDMA frame, to said mobile station.

According to a third aspect of the present invention there is provided a mobile
communication device arranged to operate in a time division multiple access (TDMA)
radio system having multi-slot capabilities, the mobile communication device
comprising a radio module utilising half-duplex transmission/reception where uplink
and downlink user data transmissions between the mobile communication device
and a base station (BS) are made in separate TDMA frames, wherein a greater
number of time slots may be allocated in each downlink TDMA frame than in each

uplink TDMA frame, to the mobile communication device.

For a better understanding of the present invention and in order to show how the
same may be carried into effect reference will now be made, by way of example, to
the accompanying drawings, in which:

Figure 1 shows schematically a GSM mobile telephone network and a mobile station

in communication with the network; and



10

15

20

25

30

WO 98/59441 PCT/F198/00468

Figure 2 shows schematically uplink and downlink transmissions between a base
station of the GSM network and the mobile station. -

There is illustrated in Figure 1 a cell 1 of a cellular mobile telephone network. A
mobile station (or telephone) 2 located within the cell 1 communicates with a base
station (BS) 3 of the cell. As has already been described above, when a call or data
connection is made from the mobile station 2 to the BS 3 or vice versa, a downlink
‘channel’ and an uplink ‘channel’ are reserved to enable bi-directional communication
to take place. Both of these channels are in the same frequency band and each

consists of a plurality of time slots reserved in every other TDMA frame.

This is illustrated in Figure 2 where the upper diagram illustrates the time slots (2
and 3) reserved for the uplink channel, i.e. for user data transmission from the MS 2
to the BSS 3, MS TX, and the lower diagram illustrates the time slots (3 to 6)
reserved for the downlink channel, i.e. for user data reception by the MS 2, MS RX.
The TDMA frames (TX and RX frames) of the uplink and downlink channels are
interlaced so that the frames alternate between uplink and downlink channels. In this
way, regardiess of the number or location of slots reserved for either the uplink or
downlink channels, the reserved slots will not overlap in time. The MS 2 can
therefore be provided with a single radio module 4 which performs both transmission

and reception functions.

Furthermore, the number of time slots reserved in any one TDMA frame for the
downlink channel is generally greater than the number of channels reserved for the
uplink channel (although the system may also be capable of operating in a
symmetric allocation mode where the number of slots allocated for reception and
transmission are the same). This represents a new multi-slot class for TDMA radio
systems. In the example shown in Figure 2, two time slots are allocated to the MS 2
in each of the uplink TDMA frames and four time slots are allocated in each of the
downlink frames. As already explained above, higher data transmission rates are
generally required for the downlink than are required for the uplink. The asymmetry
of time slot allocation tends to increase the efficiency of radio resource allocation and

also results in power saving and other efficiencies in the MS 2.
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It will be appreciated by the person of skill in the art that modifications may be made
to the above described embodiment without departing from the scope of the present
invention. In one modification, the uplink and downlink TDMA frames need not be
contiguous. For example, one frame in four may be allocated to the uplink and one
frame in four (or one frame in two) allocated to the downlink, provided that the uplink

and downlink frames do not overlap.

Whilst the invention relates to the transmission and reception of user data, it is noted
that transmission and reception of signalling data may take place in the same TDMA

frame and in the same TDMA frame as either transmission or reception of user data.
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Claims

1. A method of operating a time division multiple access (TDMA) radio system
having multi-slot capabilities and utilising half-duplex transmission/reception where
uplink and downlink user data transmissions between a mobile station (MS) and a
base station (BS) are made in separate TDMA frames, the method comprising
allocating a greater number of time slots in each downlink TDMA frame than in each
uplink TDMA frame, to said mobile station.

2. A method according to claim 1, wherein the TDMA frames alternate between

reception and transmission frames.

3. A method according to claim 1 or claim 2, wherein the TDMA radio system
utilises the GPRS protocol.

4. A method according to claim 1 or 2, wherein the TDMA radio system utilises
the HSCSD protocol.

5. A time division multiple access (TDMA) radio system having multi-slot
capabilities and utilising half-duplex transmission/reception where uplink and
downlink user data transmissions between a mobile station (MS) (2) and a base
station (BS) (3) are made in separate TDMA frames, the system comprising control
means capable of allocating a greater number of time slots in each downlink TDMA

frame than in each uplink TDMA frame, to said mobile station (2).

6. A mobile communication device arranged to operate in a time division
multiple access (TDMA) radio system having multi-slot capabilities, the mobile
communication device (2) comprising a radio module (4) utilising half-dupiex
transmission/reception where uplink and downlink user data transmissions between
the mobile communication device (2) and a base station (BS) (3) are made in
separate TDMA frames, wherein a greater number of time slots may be allocated in
each downlink TDMA frame than in each uplink TDMA frame, to the mobile

communication device (2).
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