OFFICE DE LA PROPRIETE

INTELLECTUELLE DU CANADA }

."t:':‘ . l'!'!'a;q' '\

. \. a o N
:;:;:}ftsi;;;:d AR
‘e \%‘ . ‘e ':' g
- :“‘:l}%%: l:q::-

) ‘h‘\ }!‘. - LY - i )
:\:‘b}b‘{{o'o‘o.\ \“a‘\\\.( o' \
- L e_M
R RN .
. ‘q.\ : \": " ot ‘:'}':"‘;“ t'::‘“ LS Ry Lan
* LY . a, \‘l ‘5\ ‘\- ‘\‘a "o ‘1 "s ' \1 v ~ o
LY
NIRRT, S A N AN
.' ‘.I" ‘.C““' .RI'. \‘ \-
& \ ,005\'0\‘0'0‘\ 5

PROPERTY OFFICE

(72) CHARAS, PHILIPPE, SE

(12) (19) (CA) Demande-Application

(CANADIAN INTELLECTUAL

(21) (A1) 2,332,014

(86) 1999/04/29
(87)1999/11/25

(71) TELEFONAKTIEBOLAGET LM ERICSSON, SE

(51) Int.C1.° HO4Q 7/36, HO4B 7/26
(30) 1998/05/18 (98201641.2) EP

(54) RADIOCOMMUNICATION AMRT A CELLULES MULTIPLES,
PAR DES SOUS-ENSEMBLES LIMITES D'INTERVALLES DE

TEMPS

(54 MULTI-CELL TDMA RADIO COMMUNICATION THROUGH

LIMITED SUBSETS OF TIME SLOTS

Er42 ﬂ/43

36 37 \ / 38
f1.7T0,7T4 f1.7T1,T5 /\ f1:T2,T6
30 \-31
(57) L'imvention concerne un sy steme de

radiocommunication a acces multiple par repartition
dans le temps (AMRT), comprenant des unités d'acces
radio ou des stations radio fixes (36-41) congues pour
assurer la radiocommunication duplex avec des
dispositifs de radiocommunication €loignes (42-44) dans
des zones ou des cellules (30-35) geographiquement
limitées, a l'aide d'une pluralit¢ d'intervalles de temps de
transmission et de réception (TO-T7) groupes en
sequences. Le systeme de radiocommunication est congu
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(57) A Time Division Multiple Access (TDMA) radio

communication system, comprising radio access units or
radio base stations (36-41) arranged to provide duplex
radio communication with remote radio communication
devices (42-44) i geographically limited areas or cells
(30-35) through a plurality of receive and transmait time
slots  (TO-T7) grouped m {frames. The radio
communication system 1s arranged to provide radio

communication 1n a cell (30-35) through a limited subset
(TO, T4; T1, TS5, 12, T6, T3, T7) of the plurality of
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pour assurer la radiocommunication dans une cellule, a
'aide d'un sous-ensemble limate (TO, T4; T1, T5; T2, T6;
13, T7) de la pluralit¢ d'intervalles de temps de réception
et de transmission (T0-T7) d'une séquence. Dans un
systeme de radiocommunication comprenant plusieurs
porteuses RE, le systeme peut €tre congu pour assurer la
radiocommunication dans une cellule (30-35), a l'aide
d'un sous-ensemble limate (f1: TO, T4; 12: TO, T4, 11: T1,
15, 12: T1, T5) de ladite pluralite¢ d'intervalles de temps
de réception et de transmaission (T0-17) de s€quences, au
niveau de diffeérentes porteuses (11; 12).
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receive and transmit time slots (TO-T7) of a frame. In a
radio communication system comprising a multiple of
RF carriers, the system may be arranged to provide radio
communication 1n a cell (30-35) through a limited subset
(f1: TO, T4; 12: TO, T4, 1£1: T1, T5; 12: T1, TS) of said
plurality of receirve and transmit time slots (TO-17) of
frames at different carriers (11; £2).
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ABSTRACT

A Time Division Multiple Access (TDMA) radio communication system,
comprising radio access units or radio base stations (36-41) arranged to provide duplex

radio communication with remote radio communication devices (42-44) in geographically

Iimited areas or cells (30-35) through a plurality of receive and transmit time slots (TO-
T'7) grouped in frames. The radio communication system 1s arranged to provide radio
communication in a cell (30-35) through a limited subset (T0, T4; T1, T5; T2, T6; T3,
T'7) of the plurality of receive and transmit time slots (TO-T7) of a frame. In aradio
communication system comprising a multiple of RF carriers, the system may be arranged
to provide radio communication in a cell (30-35) through a limited subset (f1: TO, T4: 2:
10, T4; £1: T1, T5; £2: T1, T5) of said plurality of receive and transmit time slots (TO-T7)

of frames at different carriers (f1; f2).
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MULTI-CELL TDMA RADIO COMMUNICATION THROUGH LIMITED
SUBSETS OF TIME SLOTS.

Field of the Invention

The present invention relates to multi-cell wireless
radio telecommunication systems and, more particularly, to indoor cellular
radio telecommunication systems and radio network planning.

Background of the Invention

Time Division Multiple Access (TDMA) radio communication
systems, such as microcell cellular radio communication systems operating
in accordance with the Global System for Mobile communication (GSM), for
example, comprise a plurality of radio access units or radio base stations.

Each providing service to a relatively small area or cell, generally having
a radius of 10-100 m indoor and uptil 500 m outdoor.

The radio access units operatively connect to a central
interface unit, also called Radio Exchange (RE) or Base Station Controller
(BSC) which, in turn, connects to a Private Automatic Branch eXchange
(PABX), the Public Switched Telephone Network (PSTN) or the Integrated
Service Digital Network (ISDN), for example. In GSM the BSCs connect
through an intermediate Mobile service Switching Centre (MSC) to the PSTN,
ISDN etc.

Between the radio access units and remote radio
communication devices or subscriber units, such as mobile radio telephones

of a TDMA radio communication system a duplex radio link can be

established, generally occupying a pair of receive and transmit time slots
grouped in a frame. A duplex radio link is established through a first
time slot or transmission burst in a frame for downlink transmissions,
i.e. from the radio access units to the remote radio communication devices,
and a second time slot in the same frame for uplink transmissions, i.e.
from the remote radio communicatijon devices to the radio access units.
A GSM frame comprises 8 time slots, providing 4 full-
rate radio links per carrier. In addition to these full-rate radio links,
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subrate transmission channels have been defined, the transmission capacity
of which is a fraction of the transmission capacity of a full-rate time
stot. Eight-rate traffic channels are specified and used for signalling,
also called Stand-alone Dedicated Control CHannels (SDCCH) .

GSM operates following a combination of Time and
Frequency Division Multiple Access (TDMA/FDMA). The FDMA part involves
the division by frequency of the Radio Frequen{cy (RF) bandwidth into
multiple carrier frequencies. In GSM, one or more carrier frequencies are
assigned to each base station, and each of the carrier frequencies 1is
divided in time using a TDMA scheme as disclosed above.

In practice, in particular at radio access units for
indoor use, i.e. in cordless and microcell cellular (GSM) vradio
communication systems, very often not all the available time slots are
used. In order to provide sufficient coverage for economic use of the time
slots and the base station equipment involved, the RF transmission power:
of a radio access unit has to be increased to extend the coverage area
or cell to service a Targer number of radio communication devices. However,
increased RF power creates interference in neighbouring cells, such that
a strict frequency planning is required and, if applicable, measures have
to be taken in order to reduce such interference.

International patent application WO 91/01073 discloses
a cellular radio system wherein the cells are sub-divided in sectors,

with each sector in a cell being served by one or more radio channels on

~a different carrier frequency or group of carrier frequencies to the rest

of the sectors within the cell. The different sectors of the cell share
time slots which can be assigned on demand to the sectors. With this
dynamic assignment of common time slots, the communication capacity of
a cell is more evenly spread over the sectors.

European patent app1 ication 0 444 841 1ikewise discloses
a cellular radio system wherein time slots of a TDMA frame are fixedly
or dynamically shared between adjacent sectors of a cell.

Although these known time slot sharing schemes enable

‘balancing or evening of the net nominal system capacity in a cell and/or

allocation of the available channel capacity to meet time-of-day capacity

needs and the like, the cells and/or sectors are p1anned based on
traditional RF carrier frequency re-use schemes.
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Summary of the Invention

It is an object of the present nvention to provide

a multicell TDMA radio communication system and equipment, in particular

5 for but not Timited to indoor use, providing a very efficient use of the
available transmission capacity.

These and other objects and advantages are achieved
by the present invention in a Time Division Multiple Access (TDMA) radio
communication system, camprising radio access units or radio base stations

10 arranged to provide duplex radio communication with vremote vradio
communication devices in geographically limited areas or cells through
2 plurality of receive and transmit time slots grouped in frames,
characterized in that the cells are created by allocating to a cell a
Timited subset of the plurality of receive and transmit time slots of a

15 frame. '
the system according to the invention 1imits the number
of available receive and transmit time slots of a frame for communication
in a particular cell, thereby providing for time slot planning instead

of the weli-known frequency planning widely used in B&SM systems, for
20 examplea.

With the invention time slots can be more effectively
occupted while simultaneous interfering transmissions of radio links

batween cells can be prevented Dy an appropriate choice of the available
time slots per cell. For example, in that the radiocommunication system
25 18 arranged to provide radio communication in neighbouring cells through
adifferent subsets of the plurality of receive and transmit time slots.

~ Thereby effectively preventing interference between adjacent cells.

In accordance with a further embodiment of the
invention, in a TDMA radio communication system having multiple RF carriers
30 €ach of which comprising receive and transnit time slots grouped in frames,
radio communication in a cell 15 restricted to a Timitad subset of the
piurality of receive and transmit time slots of frames of different
carriers. That is, in a cell several subsets of receive and transmit time

slots can be provided, transmitted at different RF carriers.

35 The subsets of receive and transmit time slots avas iable

for radic communication in a cell can be adaptively selected or fixedly
allocated. '

AMENDED SHEET
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In the adaptive selection 'embod*ime'nt of the invention,
for communication in a cell, an arbitrary available subset of receive and

transmit time slots is selected. Subsets of receive and transmit time slots

of a particular frame already in use in neighbouring cells are prevented

from selection. In practice, the occupied time slots of a frame during
use in a cell may differ from time to time.

The radio communication devices can be designed for
operation at the complete RF spectrum and time slots available for the
radio communication system as a whole, such as with GSM, in order to
provide handovers from one cell to another while the user of a radio
communication device moves through the cells of the system.

In its simplest embodiment however, omitting the need
for measurement and selection mechanism of time slots in the commum’cation' '
equipment, according to the invention, to each cell a limited subset of
the plurality of receive and transmit time slots is predeterminedly
allocated.

In a TDMA radio communication system operating with,
say, eight receive and transmit time slots in a frame, time slots 0 and
1 can be allocated to a first cell, time slots 2 and 3 can be allocated
to a second adjacent cell, time slots 4 and 5 may be allocated to a third
adjacent cell and time slots 6 and 7 can be predeterminedly allocated to
a fourth neighbouring cell. Radio communication in a particular cell is
only possible through the time slots allocated to such cell.

Those skilled in the art will appreciate that the Tatter
embodiment of the invention can be easily controlled from the radio access
units without requiring any control or selection mechanism in the radio
communication devices.

In a minimum configuration, a subset of one pair of

‘receive and transmit time slots of a frame is allocated to a cell . However,

preferably, a subset of two pairs of receive and transmit time slots is
allocated to a cell, in order to support inter and intra cell handovers.

As will be appreciated from the above, the radio
communication system according to the invention can be operated in
accordance with known TDMA protocols. However, the advantages of the
present invention are best encountered if applied to a radio communication

- system operating following the GSM standard or equivalent.
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A GSM radio communication terminal operating in a
conventional GSM network can also operate in an (indoor) microcell cellular
GSM system arranged in accordance with the present 1invention. The
restriction of information exchange to a predetermined subset of time slots
in a cell can be completely controlled through the radio access units of
the system. Thereby preventin'g the need for so-called dual mode radio
terminals, designed for outdoor operation in accordance with the GSM
standard and indoor communication following a cordless radio communication

' standard, such as the Digital Enhanced Cordless Telecommunications (DECT)

technology, for example.

In a further preferred embodiment of the radio
communication system according to the invention, both the radio access
units and the remote radio communication devices are arranged to operate
at very low RF output power levels adapted for radio communication limited
to pico cell or even nano cell ranges. That is cells having a radius
of up to 10-15 metres. Contrary to the above-mentioned common approach

~for GSM systems, with the radio communication system according to the
invention, in order to increase the communication capacity, the cell sizes

are effectively decreased.

With the above Tow RF output power levels, it appears
sufficient to allocate 2 or 3 RF carriers of a GSM radio system, for
example, for indoor services throughout the GSM netwbrk_as a whole.

' In a preferred embodiment of the radio communication
system according to the invention, a radio access unit comprises awireless
transmission interface operatively connecting to a wireless radio access
controiler and/or radio access exchange means. Preferably a wireless
transmission interface operating in accordance with the DECT standard.

The invention further provides a radio access unit and -
radio communication device particularly designed for use in a TDMA radio
communication system and/or a method of duplex radio communication
according to the present invention.

The above-mentioned and other features and advantages

of the invention will be best understood from the following descr1pt1on
with reference to the enclosed drawings.
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Brief Description of the Drawings

Fig. 1 shows, in a schematic and illustrative manner,
a typical cellular radio telecommunication system operating in accordance
with the Global System for Mobile communications.

F1g. 2 shows, in a schematic and illustrative manner,
a typical TDMA frame and, in more detail, the organisation of a time siot.

Fig. 3 shows, in a schematic and illustrative manner,

a typical allocation of time slots in a radio commumcatwn system
according to the present invention.

Fig. 4 shows, in a schematic and i1llustrative manner,

an embodiment of the radio communication according to the 1invention
arranged for indoor usage.

Fi1g. 5 shows a simplified block diagram of an embodiment

of a radio access unit operating in accordance with the present invention.

Fi1g. 6 shows a simplified block diagram of an embodiment
of a remote radio communication device for operation in radio communication
system according to the present invention.

Detailled Description of the Embodiments

Without the intention of a limitation, the invention
will now be explained by its application in a cellular radio communication
system, such as a cellular radio communication system operating in
accordance with the Global System for Mobile communications (GSM) standard.
However, the invention is generally applicable in Time Division Multiple
Access (TDMA) radio communications systems both cellular and cordless radio

communication systems, such as designated DCS 1800, PCS 1900, PDC, DECT,
PHS, CT3 etc. ’

F1g. 1 shows a typical architecture of a GSM network
10, comprising several functional entities, the functions and interfaces

of which are specified in applicable protocols The GSM network 10 can
be d1V1ded into three general parts.

First, the radio communication terminals or Mobile
Equipment (ME) 11 with 1its Subscriber Identity Module (SIM) card 12,
carried by the subscriber.
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Second, the radio access unit or radio base stations
subsystem which controls the radio or Um-interface 16 with the mobile
equipment 11. The main part of the radio base station subsystem is formed
by a Base Station Controlier (BSC) 14 and Base Transceiver Stations (BTSs)
15 which connect to the BSC 14.

A third and major part of the GSM network 10 is the
network subsystem 20 comprising the Mobile services Switching Centre (MSC)
21, which performs the switching of calls between the radio base stations
subsystems and the Public Switched Telephone Network (PSTN) or Integrated
Services Digital Network (ISDN) 17.

The network subsystem 20 further comprises a Home
Location Register (HLR) 22 and a Visitor Location Register (VLR) 23 which,

‘together with the MSC 21, provide the call-routing and roaming capabilities

of the GSM network 10. The HLR 22 contains all the administrative
information of each subscriber registered in the GSM network 10 and the
current location of the mobile equipment 11.

The VLR 23 contains selected admini strative information
from the HLR 22, necessary for call control and provision of the subscriber
services for each mobile currently located in the geographically area
controlled by the VLR 23.

For authentication and security purposes, an Equipment
Identity Register (EIR) 24 and an Authentication Centra (AuC) 25 are
provided in the network subsystem 20. The EIR 24 is a data base containing
a- list of valid mobile equipment on the network 10 and the AuC 25 is 3
protected data base storing a copy of the secret key of each subscriber’s
SIM card 12. The MSC 21 connects to the BSC 14 through a so-callied A-
interface 18. The BTSs 15 connect to the BSC 18 across a so-called Abis-
interface 19.

Each BTS 15 provides service to a geographically 1limited
area or cell 13. The cells 13 are arranged, such that a wide geographic
area 1s completely covered by a plurality of adjacent cells 13.

At the radio or Um-interface 16, GSM operates following
a combination of Time and Frequency Division Multiple Access (TDMA/FDMA).
The FDMA part involves the division by frequency of the available
transmission bandwidth into a plurality of Radio Frequency (RF) carriers.
One or more carrier frequencies are assigned to each BTS 15, such that
no or little interference occurs between communications in adjacent or
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neighbouring cells 13. Those skilled in the art will appreciate that the

frequency planning of a GSM network is a very complicated and sensitive
issue. Each of the carriers is further divided in time, using a TDMA scheme
as illustrated in fig. 2.

The fundamental unit of time in the TDMA scheme of
fig. 2 is called a burst period or time siot 10, T1, ..., T7. Eight time
slots are grouped into a TDMA frame 27. Further, each time slot forms a
physical or communication channel per TDMA frame. Duplex transmission
between a BTS 15 and ME 11 comprises two time slots separated in time by
3 burst periods or time slots, so that the ME 11 does not have to transmit
and receive simultaneously, thus simplifying the electronics.

A typical bit organisation of a time slot is shown for
time slot T3. For speech the time slots, in their data bits part, carry
traffic from two different speech samples. '

To minimize co-channel interference and to conserve
power, both the MEs 11 and the BTSs 15 operate at a lowest power level
that will maintain an acceptable signal quality. According to their peak
RF transmitter power, there are five classes of MEs defined, rated at 20,
8, 5, 2 and 0.8 watts. |

With the increased popularity and use of mobile radio
telephone and data transmissions, there is a growing need for using the
same mobile equipment both for outdoor as well as indoor communication.
Using current GSM equipment for indoor commumcatmns, in order to provide
sufficient indoor coverage for economic use of the available time slots
in a frame, relatively Targe cells have to be created, whereas the number
of RF carriers that can be used is 1imited, due to the fact that the
particular indoor communication has to be treated as a sub-cell 26 of a
cell 13 served by a BTS 15. In busy, crowdy areas, the cells 13 are planned
in a compact manner with regard to the available RF carriers, such that
there is Tittle or no room for a number of (Tndoor) sub-cells 26, without
creating unduly interference in other cells.

As schematically illustrated in fig. 3, in accordance

‘with the present invention, radio communication in a cell is Timited to

a subset of time slots of a frame.

F1g. 3 shows a plurality of adjacent or neighbouring
cells 30-35, each serviced by a radio access unit or radio base station
36- 41, respectively. In the embodiment shown, communication in each cel]
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30-35 is limited to one pair of receive and transmit time slots of a frame,
i.e. for uplink and downlink transmissions between a radio access unit

36-41 and a remote radio communication device or ME 42, 43, 44 in a cell
30-35.

As 1ndicated in fig. 3, for example, communication of
radio access unit 36 is limited to time slots TO and T4 at carrijer

frequency fl. Radio access unit 37 may communicate during time slots T1
and Tb of the frame at carrier fl. In cell 32, radio communication is
possible during time slots T2 and T6 of the frame at carrier f1 and radio
access unit 39 communicates during time slots T3 and T7 of the frame at
carrier frequency fl. For cell 34, radio communication is allowed during
time slots T0 and T4 of the frame at carrier frequency f2 whereas for cell
35 radio access unit 41 is arranged to communicate during time slots T1
and TS5 of the frame at carrier frequency f2 etc.

As can be seen from fig. 3, instead of planning cells
with regard to RF carrier frequencies as is the case for the cells 13 in
fig. 1, in the radio communication system according to the invention,
cells are created using time sTot planning. Although operating at the same
carrier frequency fl, ME 42 in cell 30 will not interfere with ME 43 in
the adjacent cell 31.

It will be appreciated by those skilled in the art
that, instead of a subset of two time slots for uplink and downlink
transmissions, a subset of two or more pairs of receive and transmit time
slots can be allocated to a particular cell or radio access unit on the
same or different carriers. In general, in the case of a predetermined
fixed allocation of time slots for a particular cell, in a TDMA
transmission scheme wherein a frame comprises M pairs of available time
stots, N pairs of time slots are allocated to a cell such that 1 s N < M.
Preferably, N = 2 if intra and inter cell handovers between neighbouring
cells have to be supported.

For control and signal purposes, one time slot of a
subset of time slots allocated to a cell can be used as a control channel,
while the other is used for communication purposes. If the first slot is
in operation, and a call is set up on the second (control channel) time
stots, than the control channel is converted to a communication channel
or traffic channel. Next, the first time slot that is released is converted
to a control channel again etc. In the case of fﬁXed1y allocated time
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slots, conversion of control and traffic or communication channels can
be established if at least two pairs of receive and transmit time slots
are allocated to a particular cell. '

Although fig. 3 shows an embodiment wherein frames at
several carrier frequencies are available, it will be appreciated that
this is not a prerequisite. By minimizing the RF output power of the
communication equipment in a particular cell, that is both the radio access
units and the remote communication device, non-adjacent cells can be
operated at the same frequency and time slot pairs without unduly
interfering eachother. For indoor applications, wherein two time slots
are in most cases sufficient for a cell, a plurality of pico or nano cells
can be created, each having its own radio access unit. ‘ .

For example, by 1imiting the maximum RF output power
of the radio access units and remote radio communication devices to a
maximum of 0.5 mW, for example, nano cells having a radius of 10-15 metres
can be created, typically covering two rooms or modules of an office. The
radio access units are preferably installed, such that there is always
nearly line of sight communication between a remote radio communication
device and a radio access unit in a room or office module.

From the above, it will be understood that if the radio
communication system according to the invention operates following the
GSM protocol, the remote communication devices used in the outdoor GSM
network 10 (figure 1) can be applied as well for ihdoor use with a radio
communication system according to the invention, as schematically
illustrated in fig. 3. However, for operation in a radio communication
system having cells operating at a very low RF output power of say 0.5 mW,
the power amplifier in the remote communication device, such as a cellular
radio terminal, has to be switched off or reduced to 1ow power. This can
be achieved, following the invention, by applying appropriate RF contro]
means in both the access units 36-41 and the mobile terminals.

Instead of a predetermined, fixed allocation of time
sTots to a cell 30-35 as disclosed in connection with fig. 3, the time
slots in the cell may be adaptively allocated, as will be explained with
reference to fig. 4.

Fig. 4 shows a radio communication system 45 following
the invention, installed in an office building comprising three floors,
1.e. floor 1, floor 2 and floor 3. Fach floor comprises a number of radio
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access units 46 associated with a cell 47. Further, at each floor one or
a plurality of wireless radio access controllers 48 are provided, which
connect to a local controller 49, ‘

The radio access units 46 comprise a wireless
transmission interface 50 for communication with a radio access controller
48. The radio access units 46 provide radio communication to remote radio
communication devices 44 in a cell 47 via a wireless communication
interface 51, e.g. following the GSM protocol.

The wireless transmission interface 50 between the radio
access units 46 and the radio access controllers 48 may be of any suitable

type, preferably operating in accordance with the Digital Enhanced Cordless
Telecommunications (DECT) standard.

In short, DECT operates under a MC/TDMA/TDD (Multiple

Carrier/Time Division Multiple Access/Time Division Duplex) protocol,

wherein Dynamic Channel Allocation (DCA) 1is used for establishing radio
links. A more elaborate discussion on DECT can be found in a paper by D.

Akerberg "Novel Radio Access Principles Usufull for the Third Generation
Mobile Radio Systems", the Third IEEF International Symposium on Personal,
Indoor and Mobile Radio Communication, Boston, Massachussets, October 19-
21, 1992.

The Tocal controller 49 connects to radio exchange means
52 of a radio access network, such as the BSC 14 of the GSM network 10
of fig. 1. The Tocal controller 49 operates as a protocol converter between
the GSM network on the one hand, and the radio access controllers 48, such
as operating in accordance with the DECT protocol, on the other hand. The
local controller 49 is arranged to emulate a BTS of the GSM network such
as the BTS 15 (figure 1).

The protocol conversion required, among others, will
include appropriate conversion of timing and control signals as well as
adaptation of data bit rates and is regarded to be in the reach of persons
skilled in the art.

Handovers between base stations or radio access units
46 are controlled by the BSC 52 in the normal manner, following the GSM
protocols, whereas instructions are converted in the protocol conversion
part of the local controller 49.

~In the system shown in fig. 4, the radio access units
46 can be of a very simple type, having the size of a match box, and can
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be ptaced at an office desk or wall mounted. Through the radio interface
50 a wireless connection is provided with a radio access controller 48,
providing a very easy and simple installation. In practice, a floor
typically may be equipped with 30 to 50 or even more radio access units
46. '

As disclosed in connectionwith fig. 3, the radio access
units 46 may be arranged such to transmit through a fixed subset of full
or sub-rate time slots of a frame. Howéver, through the Tocal controller
49 adaptive selection of time slots can be achieved. That is, once a pair
of time sTots of a frame is occupied by a radio access unit 46, the local
controller 49 prevents occupation of the same time slot pair m an adjacent
cell.

As can be seen from fig. 4, by an appropriate allocation
of the subsets of time slots available for a cell, in a low power mode,
one carrier frequency for the system as a whole could be sufficient. In
practice, however, a GSM operator, for example, may allocate two or three
radio frequencies particularly for microcell cellular systems for indoor
and (limited) outdoor usage operating in accordance with the present
invention.

Those skilled in the art will appreciate that this a
very advantage approach, in that by reserving such a limited number of

frequencies for Indoor usage 1in an overall GSM network, co-channel

interference in pico and nano cells overlaid by a macro cell can be
effectively avoided.

Although a DECT transmission interface between the radio

access units 46 and the radio access controllers 48 is preferred in view

of the dynamic channel control algorithm of the DECT system, by which the
radio access units 46 are connected "on demand”, other transmission
interfaces whether wired or wireless, such as a wired or wireless Local
Area Network (LAN), can be used as well.

Fig. 5 shows, in a simple block diagram, a radio access
unit, such as a radio access unit 46, 1in accordance with the present
invention.

The transceiver part 55, for exampTe, may be arranged
as a two-time slot, single carrier transceiver, operable at any time slot
of a frame and any RF carrier available to a communication system or, a
limited number of RF carriers, such as RF carriers particularly designated
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for indoor use, for example. A typical output power is 0.5 mW for indoor
use in pico- cell and nano cell environments. An extra receive function
°6 1s provided in order to monitor traffic at the air interface 51.
Physically, this can be implemented with the receiver already used for
communication purposes. Control means 57 provide a suitable algorithm,
managing the selection of time slots and frequencies, as disclosed
above. The control means 57 generally comprise a microprocessor or
microcontroller. Transmission interface means 58, 59, preferably wireless
transmission interface means 50 operating in accordance with the DECT
protocol, operatively connects the radio access unit 46 through the
intermediate radio access controller 48 to the local controlier 49.
However, the transmission interface 59 may also be designed for wired or
wireless communication through a suitable LAN protocol, for example.
F1g. 6 shows a block diagram of a remote communication
device 44 for use with a radio communication system according to the
invention, comprising transceiver means 61, control means 62 including
a microprocessor or microcontroller and information exchange means 63.
The information exchange means 63 may comprise, for example, a microphone
and Tloudspeaker part for radio telephone purposes, display means,
Keyboard means and databus means. The contro] means may be arranged for
communication at a Timited subset of time slots of a TDMA frame or frames.
In accordance with the present invention, RF contro]
means 64 are provided, operatively connecting to the transceiver means
for Timiting the RF output power of the remote radio communication device
60 responding to a low power 1ndoor radio communication system according
to the invention. '
Note that the radio communication system according to
the invention is not 1imited to radio terminal devices having Tow RF output
power, but can be used with conventional mobile radio telephones, such
as GSM radio telephones, maintaining the advantages of improved indoor
communication without requiring dual mode radio communication devices.
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Claims
1. A Time Division Multiple Access (TDMA) radio
communication system, comprising radic access units or radio base
5 stations(36-41, 46) arranged to provide duplex radio communication with

remote radio communication devices (42-44) in geographically limited areas

or cells (30-35) through a plurality of receive and transmit time slots

(T0-T7) grouped in frames (27), characterized in that said cells (3D-35)

are created by allocating to a cell (30-35) a Timited subset (TQ, T&; T1,

10 19: T2, T6; T3, T7) of said plurality of receive and transmit time siots
(T0-17) of a frame (27).

2. A TDMA radio communication system according to claim

1, havingmultiple RF carriers (f1;T2) each comprising receive and transmit

-~ time slots (TO-T7) grouped in frames(27), wherein said radic communication

15 system 1s arranged to provide radic communication in a cel] (30-38) through

a limited subset (f1:70, T4; F2:70, T4; f1:T1, T5; §2:71, 15) of said

piurality of receive and transmit time slots (10-T7) of fremes (27) at
different carriers (f1;f2).

3. A 1DMA radio communication system according 1o any of
z0 the previous claims, wherein said radio communication system is arranged

to provide radio communication in neighbouring cells (30-35) through

dirferent subsets of said plurality of receive and transmit time slots

(TO=T7).

4, A TDMA radio communication system according to claim

25 3, wherein said cells (30-35) are created by adaptively selecting a Timited
subset of receive and transmit time slote (f1;¥2 : T0-T7).

5. A TDMA radio communication system according to claim
3, wherein said cells (30-35) are created by fixedly allocating a 1imited
subset of receive and transmit time slots {f1;f2 - T0-17).

30 6. A TOMA radio communication system according to any of
the previous claims, wherein a frame comprises M pairs of receive and

transmit time slots and each subset comprises N pairs of receive and
transmit time slots, M and N being integers and 1 = N < M.

7, A TDOMA radic communication system according to claim
35 6, wherein 2 s N < M, preferably N = 2,
8. A TDMA radio communication system according to any of

the previous claims, wherein said ragio access units (36-41, 46) are
arranged to receive and transmit at predetermined RF carriers (f1;f2).

AMENDED SHEET



CA 02332014 2000-11-14

é4-—b7-2000 EP 009903034

15

9, A TDMA radic communication system according to any of

the previous claims, wherein said receive and transmit time siots (T0-T7)

are receive and transmit time slots in accordance with the Global System

for Mobile communications (GSM) and its derivatives, inclusive sub-rate
2 time slots.

10. A TDMA radio communication system according to claim
9, wherein said radio communication system is arranged to provide radio

communication in a cell (30-35) using at least one common contrel channel.

11. A TDMA radio communication system according to claim
10 10, wherein receive and transmit time slote (TO-17} are adaptively arranged

as a communication channel and as a control channel.

12. A TOMA radio communication system according to any of

the previous ciaims, wherein said radic access units (36-41, 46) and remote

radio communication devices ({42-44) are arranged to provide radia

15 communication at RF output power levels limited to pico cell/nang cell
ranges.
13, A TDMA radic communication system according to claim

12, wherein said radio access units (36-41, 46) and remote radio
comnunication devices (42-34) comprise RF power control means (64) arranged
20 to control the RF output power of remote radio communication devices (42-
44) operatively connecting to said radio access units (36-41, 46), such

to provide radio communication at RF cutput power levels limited o pico
cell/nano cell ranges,

14. A TDMA radic communication system (45) according to
25 any of the previous ciaims, comprising radio access controller means (48},
wherein said radio access units (46) comprise a wired and/or wireless
transmission interface (50, 58, $2) for operatively connecting to said

radio access controller means (48), preferably a wireless transmission

interface (50) operating in accordance with the Digital Enhanced Cordless
30 Telecommunications (DECT) standard.

15, A radio access unit (36-41, 46) for use in 2 TDMA radjo

communication system according to any of the previous claims, comprising
transceiver means (55) and control means (57), said transceiver means (55)
being arranged for radio communication through a piurality of receive and
35 iransmit time siots (T0-17) grouped in frames (27) of one or a plurality
of RF carriers (f1;f2), wherein said control means (57) are arranged to
create a cell (30-35) by oparativel y providing radioc communication in said

AMENDED SHEET
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cell (30-35) through a limited subset of said plurality of receive and

transmit time slots (f1;f2 : T0-T7).

16. A radio access unit (36-41, 46) according to claim 15,

wherein said control means {57} are arranged to create a cell (30-35) by
5 adaptively selecting a 1imited subset of receive and transmit time slots

(F1;f2 : TO-T7).

17. A radic access unit (36-41, 46) according to claim 135,

wherein said control means (57) are arranged to create a cell (30~35} by

fixedly allocating a limited subset of receive and transmit time slots
10 (f1;f2 : T0-T7).

18, A radio access unit (46) according to cl aim i3, 16 or

17, comprising wireless transmission interface means (50, 58) for

operatively comnecting said radio access unit (46} to radio access

controller means (48).

15 19, A radio access unit (46) according to claim 18, wherein
said transmission interface means (50, 58) operate in accordance with the

Digital Enhanced Cordless Telecommunications {DECT) standard.
20. A radio communication device (42~44) for use in a TDMA
radio communication system accordi ng to any of the claims 1-14, compri sing
20 lransceiver means (61), control means (6Z) and information exchange means
(63), said transceiver means (61) being arranged for radio communication
through a plurality of receive and transmit time slots (TO-T7) grouped
in frames (27) at one or a plurality of RF carriers (f1;f2), wherein said
centrol means (62) are arranged to operatively support radio communication
25 through a Timited subset of said plurality of receive and transmit time
stots (f1;f2 : T0-T7).
21l. A radio communication device (42-44) according to claim
20, wherein said control means (62) and transceiver means (61) are arranged
to operatively control (64) its RF output power, such to provide radio

30 communication at RF output power Tevels limited to pico celifnano cell
ranges.
22. A method of duplex radio communication in geographically

limited areas or cells (30-35) through a plurality of receive and transmit
time slots (T0-T7) grouped in frames (27} in accordance with a Time

35 Division Multiple Access (TOMA) radio communication protocol , characterized
in that said celis (30-35) are created by allocating tc a cell (30-35)
a limited subset (T0, T4;T1, 15372, 76:73, T7) of said plurality of recejva
and transmit time slots (TO-T7) of a frame (27).
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23, A method according to claim 22, wherein said radio
communication is established through muitiple RF carriers (f1;f2) each

comprising receive and transmit time slots (T0-T7) grouped in frames (27),
wherein said radio communication in a cel] (30-35) is established through

5 a }1imited subset (f1:70, T4; f2:70, 145 T1:T1, 75; f2:T1, T5) of receive
' and transmit time slots (TO-T7) of frames (27) at different carriers
(fl:f2).
24. A method according to claim 22 or 23, wherein said cells
(30-35) are created by adaptively selecti ng 2 1imited subset of receive
10 and transmit time slots (fl;f2 : TO-T7).

25. A method according to claim 22 or 23 wherein said cells
(30-35) are created by Fixedly allocating a Timited subset of receive and

transmit time slots (fl;f2 : T0-T7).
26. A method accerding to claim 22, 23, 24 or 28, wherein

15 said radio communication is established at RF output power levels limited
to pico cell/nano cell ranges.

27. A methed according to ¢laim 26, wherein an RF output

power control signal is exchanged for reaqucing the RF cutput power leve!

. of remote radio communication devices (41-44) operating in 2 cell (30-358),
20 28. A method according to claim 22, 23, 24, 25, 26 or 27,
wherein a frame comprises M pairs of receive and transmit time siots and

each subset comprises N pairs of receive and transmit time stots, M and
N being integers and 1 s N ¢ M.
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