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for dividing a frame structure for a mobile telephone system which operates i half-duplex, 1.e. 1n which

the transmission and reception of signals mn a mobile takes place within mutually separate time-slots. Each frame

includes three
1s divided so t

time-slots, each intended for transmission and reception. According to the method, the frame structure
nat transmission first takes place 1n a transmission time-slot. Reception then takes places 1n a reception

time slot whic

1 15 separate from the transmission time-slot. subsequent to reception (RX), the frame structure includes

an 1dle time (t1) which remains until further transmission takes place in the next-tollowing frame. The method enables

the frequency

synthesizer of the mobile 1n the reception direction to be set to a channel different to the reception

channel and then to be reset accurately to the reception channel.
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ABSTRACT OF THE DISCLOSURE

A method for dividing a frame structure for a mobile
telephone system which operates in half-duplex, i.e. in which the
transmission and reception of signals in a mobile takes place
within mutually separate time-slots. Each frame includes three
time-slots, each intended for transmission and reception.
According to the method, the frame structure is divided so that
transmission first takes place in a transmission time-slot.
Reception then takes places in a reception time slot which is
separate from the transmission time-slot. Subsequent to
reception (RX), the frame structure includes an idle time (tq)
which remains until further transmission takes place in the next-
following frame. The method enables the frequency synthesizer of
the mobile in the reception direction to be set to a channel
different to the reception channel and then to be reset
accurately to the reception channel.
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The present invention relates to a method for dividing
a frame structure into a transmission part and a reception part
when determining channel quality in a moblle station. The mobile
station is one of a plurality of such stations in communication
with the base station of a mobile telephone system. More
specifically, the method is concerned with disposing the
reception time-slots included in the frame in a manner which will
enable those time-slots which are not in use when receiving to be
used for other purposes in an optimum manner with respect to a

transmission time slot in each frame.

In the case of a mobile telephone system which
functions in accordance with the time division multiple access
(TDMA) principle, the transmission and reception time-slots are
included in so-called frames. One frame can contain, for
instance, 10 time-slots, of which some are used to transmit
bursts of speech/data signals, where each burst takes-up
substantially a complete time-slot. Time-slots can be used to
transmit synchronizing information, etc., for example. The
mobile station can also utilize vacant or unoccupied time-slots
for measuring purposes, e.g. for measuring signal strength over a
radio channel other than the channel assigned to the mobile
station. The signal strength of channels which belong to another
base station can be measured while a time-slot 1s vacant when so-
called hand-over shall take place.

Transmission and reception in the various time-slots
can take place either simultaneously or in time-slots which are
separated in time. In the former case, reception takes place in
a reception time-slot at the same time as transmission takes
place in a transmission time-slot, i.e. the two time-slots
coincide complete or partially. Thils requlres the provision of a
so-called duplex filter in the mobile station, in order to
separate mutually transmitted and receilved signals which have
mutually different carrier frgquencies.
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In the latter of the aforesaid two cases, in which the
transmission and reception time-slots are separated in time, the
reception circuits of the mobile station are fully disengaged
during transmission, and vice versa. NoO duplex filter 1is
required in this latter case. An example of one such mobile
telephone system is described in US-PS 4,817,089 which operates
ln semiduplex. This known system includes separate fregquency
synthesizers which are operative to set the carrier frequencies
in the transmitting and receiving directions. In known systems
which use duplex filters to enable signals to be received and
transmitted simultaneously, there is obtained a certain rest or

idle period which can be used to determine signal strength.

The method of the present invention is concerned with
the division of the frame structure when transmitting and
receiving signals in a mobile station, this division being such
that while time-slots are unoccupied, effective time can be
utilized for determining signal strength and for setting the

frequency synthesizer in the transmission and recept'ion paths.
The proposed method 1s based on the fact that measuring of the

signal strength from, e.g. another channel having a carrier
frequency that is different teo the carrier frequency for which
the frequency synthesizer is set at that particular time (when
receiving for instance) does not require the frequency
synthesizer to be set to the same degree of accuracy as that
required when it is reset to a reception mode. The proposed
frame-division is thus intended to create space for setting the
reception-side of the frequency synthesizer and is meant to
provide more time for setting the reception-side of the
synthesizer when the return to the reception mode is to take
place subsequent to the synthesizer having been set to another
carrier frequency for measuring purposes.

Thus according to a first aspect of the present
invention there is provided a method of organizing a reception

frame structure, the method comprising the steps of:
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n Ay — . . ST e ARG L SN AR TR L AP 4 M e I Seaae 1 s . . . S ek SR MY " ‘. Eamenn vee .



10

13

20

25

30

SURIER ST AR AN LI b 4 K Tl gl AR Mriel Heameio ity e amats ODErd BT 00 SETLGRIARM b | ek r S - AT b by 4 8 801« dkemmtd |13

CA 02013494 1999-11-19

providing, in a mobile station of a mecbile telephone system, a
reception frame structure including a number of reception time
slots in relation to a given transmission frame structure
including the same number of transmission time slots as the
number of reception time slots; operating the mobile telephone
gystem in a half-duplex mode; and displacing the reception
time slote ©of the reception frame structure a determined time
offget interval less than half a time slot relative to the
transmission time slots in the transmission frame structure,
wherein & given transmission from the mobile station in a
given transmission time slot of the transmission frame
structure is followed by reception in a reception time slot of
the reception frame structure, and, thereafter, a given idle
time of substantially the same time duration as the difference
between a time slot and the determined time offset interval
follows the reception frame structure until transmisgssion is
racommenced in a transmission time slot of the next following
transmission frame structure.

In accordance with a second aspect of the invention
there 18 provided a method of contreolling a frequency
synthesizer for a reception channel in a mobille station of a
mobile telephone system which operates in a half-duplex mode,
the moblile station using a transmission frame structure and a
reception frame structure including a number of reception time
slote in relaticn to a given transmission frame structure
including the same number of transmission time slots as the
number of reception time slots, the reception time slots of
the reception frame structure being displaced a certain time
intarval relative to the transmission time slots in the
transmission frame structure, wherein a given transmission

from the mobile station in a given transmission time slot of
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the transmission frame structure is followed by reception in a
reception time slot of the reception frame structure, and,
thereafter, a given idle time follows in the reception time
slot until transmission is recommenced in a transmission time
slot of the next following transmission frame structure, the
method including: setting the frequency synthesizer from a
give firset frequency used when receiving radioc signals over a
first channel to a second frequency and effecting a
measurement on the channel corresponding to the second
frequency during the idle time; and resetting the frequency
synthesizer from the second frequency to the first frequency
during a time period which substantially coincides with the

time slot of a corresponding transmission frame.

The inventive method will now be described 1n more
detail with reference to the accompanying drawings, in which:

Figure 1 illustrates schematically two neighbouring or
conterminal base stations and a mobile station;

Figure 2 is a block schematic illustrating part of the
transmitting and receiving path of the mobile station;

Figure 3 illustrates a frame structure for the
transmitting and receiving sides of a mobile statlon according to

the proposed method for "full rate"; and

Figure 4 111ustrateé another frame structure according

to the proposéd method for so-called "half rate”.

Figure 1 illustrates in general two base stations Bl

and B2 and a mobile M which form part of a mobile telephone
system. The mobile M communicates with the base station Bl in

half-duplex, by transmitting a burst of speech/data during a

- 38 -
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given time-slot in each frame and receiving a burst during
another time-slot in the same frame. Transmission and reception

time-slots for the mobile M are transmitted by means of a
respective given carrier frequency fg and fp.

5 when the mobile M approaches the limit G of the area
covered by the other base station B2, the mobile M measures the
strength of the control signal from said base station B2. This
signal is assumed to have the carrier frequency fy. The signal
is measured with the intention of preparing for a "hand-over" of

10 mobile communication from the base station Bl to the base station
B2. This measuring procedure requires a given time-space in each

frame in the mobile M-base station Bl communication.

- 3b -
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Figure 2 1s a simplified block-diagram showing known input and
output units of the mobile M. The mobile M also has two antennas
Al and A2, each of which can be used for transmission and reception
purposes, depending on the propagation conditions prevailing in

5 the surrounding environment. A diversity switch DX is placed bet-
ween the transmitting and receiving paths for the purpose of
switching to the antenna which will give the best reception. The
switch DX is also assumed to switch between transmission and
reception.

10 Provided 1n the reception path is a demodulator DM which is
operative to demodulate received signals and to transmit a
continuous base-band signal to subsegquent receiver circuits in a
known manner (not shown) within the receiver time-slot.

The demodulator DM 1is connected to a fregquency synthesizer FR
15 which produces the carrier freguency fm required for said
demodulation.

Analogously with the receiver-side of the mobile, the transmitter-
side thereof includes a modulator MD which 1is operative to
modulate the signals transmitted from a burst generator (not
20 shown) with the transmission-time-slot having a carrier frequency
£ which may be the same frequency as the received carrier-
frequency. The frequency synthesizer on the transmission side is

referenced FT.

In accordance with the proposed method, the units DX, FR and FT are
25 - controlled from the control unit of the mobile in a manner de-
scribed hereinafter with reference to Figures 3 and 4. The time-
slots intended for transmission and reception, however, are
mutually separated within each frame, which protects the two
transmission paths against cross-talk in accordance with the

30 half-duplex principle.

The frequency synthésizer FR shall thus be set to the carrier
frequency f_ applicable when receiving during the reception time-
slot, and the synthesizer FT shall be set to the carrier freguency

UM 20 L R LT NIV M T3 M H T N a1 ety T .
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fs during the transmission time-slot. In order to enable detection
to be effected with precision, it is necessary to set Tthe syn-
thesizer accurately during both transmission and reception. When
the mobile is intended to measure signal strength on the basis of
a control signal from the base station B2 transmitted with the
carrier frequency fx' the synthesizer FR shall be set to this
frequency during a given unoccupied time-slot in the frame. This
synthesizer setting, however, need not be of the same degree of
accuracy as that required when setting the synthesizer for
reception purposes. This circumstance is utilized in the proposed

method to obtain an optimum time-space for setting the frequency
synthesizers.

Figure 3 illustrates a frame structure in accordance with the
proposed method for those instances when the mobile station M

operates at so-called "full rate" and has three time~slots in each

frame.

The time-slots in the reception frame are designated TMO, TM1, TM2
and the time-slots in the transmission frame are designated TSO,
TS1 and TS2. In the frame structure illustrated in Figure 3, the
transmission frame is slightly displaced in relation to the
receving frame, i.e. the reception time-slot TMO commences some-
what later than the corresponding transmission time-~slot TSO0. An
incoming burst RX of data or speech is received during the time-
slot TMO. During the next reception time-slot TM1l and during a
time interval t, + At until commencement of the transmission time-
slot TS0, there is found in the receiver an idle-time which can
be utilized for purposes other than receiving speech/data from the
base station. According to the inventive method, this idle-time is

utilized to set the mobile-station frequency-synethesizer FR in

the receiving path to another desired frequency f o for instance

to the carrier frequency of a channel from a neighbouring base
station B2, and to effect measurement Ml of the signal strength
from this base station. The time interval tl taken for switching,
Ssw, the freqgency synthesizer will be greater or smaller depending
on the time-displacement of the frames. However, since the measu-
ring process M1 is solely intended to measure signal strength (of
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frequency £.), the accuracy to which the frequency synthesizer FR
1is set need be far less stringent than when setting the synthe-
sizer to receive speech/data. The interval Sw + M1l 1s selected s0
that a given time margin At is found to the commencement of a
transmission time-slot TS0. The time margin At is selected with
respect to the propagation time of the signals between mobile and

base, this time period being dependent on the moblile-base
distance.

During the transmission time-slot TS0, there is found a residual
time-space in the reception time-slot TM1 and a given space during
the reception time-slot TM2. When reception is again to take place
during the time-slot TMO, 1t is necessary to set the frequency
synthesizer FR in the reception path extremely accurately to the
previous frequency £ - During the time interval Swb of duration
t,, the frequency synthesizer is therefore switched from the fre-

quency f_ used during the measuring procedure M1 to the reception
frequency fm. This time-interval is normally of sufficient
duration to enable the frequency synthesizer FR to be set ac-

curately to the reception frequency. The part t3 of the time-slot
T™M2 which remains until commencement of the time-slot TMO (and
thus reception takes place) 1is therefore used to carry out a
measurement on the reception channel fm’ for instance with the
intention of selecting one of the two receiver antennas Al, A2
according to Figure 1, so-called diversity measuring. The time in-
terval t, is therewith equal to the time in which the reception
frame is displaced relative to the transmitting frame.

No TX transmission takes place during the time-slots TS1 and TS2.
The measuring process' M1 must be terminated before transmission TX
commences, since the measuring procedure M1 is carried out on
incoming signals to the mobile station which operate in half-
duplex. Furthermore, transmission TX must be terminated prior to
commencing the measuring procedure M2, since this measuring
procedure is also carried out on a reception channel, although
this channel is now the same channel as the channel intended for
receiving speech/data. Finally, a time margin At must be provided
for compensation of the propagation time of the radio signals in
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dependence on the distance of the mobile M from the base station
Bl.

Examples of numerical values for time division of a frame for a

"full-rate" channel are given below. The frame length is 20 ms.

Transmission Reception Tine
Power measuring

M2 for the

diversity X 0.8
Burst reception RX X 6.5
neighbouring base

station (B2) X 5.4
Power measuring Ml

prior to "hand-~off" X 0.2
Time margin At X . 0.3
Time upto full power X 0.1
Burst transmission X 6.5

Time down to
low power X 0.2

The time taken to receive and transmit a burst i1s shorter than a
time-~slot, since the up time and down time to/from full power is
calculated within the duration of a time-~slot.

Figure 4 illustrates a frame structure according to the proposed
method in the case when the mobile station M operates at so-
called "half rate", i.e. the burst repetition time is twice as
long as the repetition time of "full-rate". For practical reasons,
however, the time-slots illustrated in Figure 4 have been drawn
slightly shorter than the time-slots in Figure 3.

Since the frame length is now twice as large, one frame will
include 6 time~slots. Subsequent to receiving RX during time-
slot TMO, the frequency synthesizer FM is switched Sw to the
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frequency £  from a neighbouring base station BS2 during the time
interval t., for the purpose of measuring the signal strength of
said base station. Measurement of said signal strength is carried

out during the interval t.., until transmission is to be carried

5 out. In this case, the ::Lljr.lterval tll is much longer than the
corresponding time interval for a "full-rate" channel. The
measuring procedure shall be terminated at a given time margin

At before transmission T can take place in the time-slot TSO. As
with the case of a full-rate channel according to Figure 3, the
10 synthesizer FM is, at the same time, switched Swb back to the

frequency fIn for reception from the base station BS1.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A method of organizing a reception frame structure, said method comprising the
steps of:

providing, in a mobile station of 2 mobile telephone system, a reception frame structure
including 2 number of reception time siots in relation to a given transmission frame structure
including the same number of transmission time slots as said number of reception time slots;

operating said mobile telephone system in a half-duplex mode; and

displacing the reception time slots of said reception frame structure a determined time
offsct interval ess than half a time slot relative to the transmission time slots in said transmission
frame structure, wherein a given transmission from said mobile station in a given transmission
time slot of the transmission frame structure is followed by rcception in a reception time slot of
the reception frame structure, and, thereafter, a given idle time of substantially the same time
duration as the difference between a time slot and said determined timé offset interval follows

said reception frame structure until transmission is recommenced in a transmission time slot of

the next following transmission frame structure.

2. A method according to claim 1, wherein said idle time is terminated by a given

first time interval of short duration, as compared with the length of said idle time, prior to the

beginning of the time slot of said next following transmission frame.

3. A method of controlling a frequency synthesizer for a reception channel in a
mobile station of a mobile telephone system which operates in a half-duplex mode, the mobile
station using a transmission frame structure and a reception frame structure including a number
of reception time slots in relation to a given transmission frame structure including the same
number of transmission time slots as said number of reception time slots, the reception time slots
of saxd reception frame structure being displaced a certain time interval relative to the
transmission time slots in said transmission frame structure, wherein a given transmission from
said mobile station in a given transmission time slot of the transmission frame structure is
followed by reception in a reception time slot of the reception frame structure, and, thereafter. a

given idle time follows in said reception time slot until transmission is recommenced in a
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transmission time slot of the next following transmission frame structure, said method including:

setting the frequency synthesizer from a give {irst frequency used when receiving radio
signals over a {irst channel to a second frequency and effecting a measurement on the channel
corresponding to said second frequency during said idle time; and

resetting the frequency synthesizer from said second frequency to said first frequency

during a time period which substantially coincides with the time slot of a corresponding

transmission frame.

4. A method according to claim 3, further comprising the step of’

reserving a given second time interval between a time slot in a transmission frame and a

time slot in the corresponding reception frame during which a2 measurement over the first channel

1s carried out on the first frequency.
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