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(57) Abstract

In apparatus and a method of transmitting messages in predetermined time slots within fixed length time frames in which the power
level of a message received at a receiver is detected. If the power level falls outside one of a series of ranges around a predetermined target
power level, then the power level of the next message to be transmitted is adjusted so that the power level of the next message falls within
the range. Steps of detection and possible-adjustment are repeated with increasingly fine target ranges of power levels being applied.
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METHOD AND APPARATUS FOR POWER CONTROL IN A MOBILE TELEPHONE SYSTEM

The present invention relates to controlling power transmitted from a first transmitting and
receiving unit to a second transmitting and receiving unit in a network, in particular where

units are at fixed locations.

Automatic power control is known and used widely in mobile GSM networks, in particular,
being described in GSM specifications 05.05 and 05.08. In GSM netwofks, automatic
power control is used to control the power transmitted from each mobile station to a base
station and, optionally, can be used to control power transmitted from the base station. In
GSM, automatic power control is used to minimise the level of power transmitted. An
indicator of the initial transmit power to be used by the mobile station is sent in a message

from the base station and the mobile station complies with this message.

The present invention provides a method of transmitting messages in predetermined time
slots within fixed length time frames between a first transmitting and receiving unit and
a second transmitting and receiving unit in which, iteratively, a power level of a message
from at least one unit is detected and if falling outside one of a series of ranges around a
predetermined target power level the power level of the next message to be transmitted is
adjusted so that power level of the next message falls within said range, detection and
possible adjustment steps being repeated with, at least one range being smaller than the
previous range applied and each range being smaller than or equal to the previous range

applied.
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Successive measurement steps can have increasingly long measurement periods so as to
determine power levels to successively greater accuracy. This advantageously allows the

target level to be accurately and quickly achieved.

The first unit is preferably a base station, and the second unit is preferably one of a
plurality of subscriber units. Preferably, the power of signals transmitted from the
subscriber unit is detected and adjusted. Subscriber units are preferably at fixed locations.

Transmissions are preferably by radio.

The present invention also relates to a first transmitting and receiving unit and a second
transmitting and receiving unit for messages in predetermined time slots within fixed length
time frames, at least one unit comprising a power level detection and control means, in
which, iteratively, a power level of a received message is detected and if falling outside
one of a series of ranges around a predetermined target power level the power level of the
next message to be transmitted is adjusted so that power level of the next message falls
within said range, detection and possible adjustment steps being repeated with, at least one
range being smaller than the previous range applied and each range being smaller than or

equal to the previous range applied.

The present invention also relates to communication means comprising a base station and
plurality of subscriber units, the base station communicating with each subscriber unit by
sending and receiving messages in predetermined time slots within fixed length time
frames, in which power levels of messages from a subscriber unit are repeatedly detected

by the base station which sends control signals dependent on detected power level to
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selectively adjust the power level of messages subsequently transmitted by said subscriber
unit, each detection and adjustment step including determination of whether or not power
falls within a predetermined range of values around a target power value and adjustment
being dependent thereon, for at least some successive detection steps the required power

range being smaller than for previous detection steps.

In a preferred network comprising a plurality of cells each having a base station and
subscriber unit, the transmit power of a subscriber unit is adjusted until the power received
at a base station meets the target power. This is known as "closed loop" control. In the
preferred network, the transmit power from the subscriber unit is controlled such that the
power received at the base station falls within a predetermined range around the target

power.

The preferred network reuses RF carrier frequencies among cells to maximise the number
of calls which can be made at any time despite a limited bandwidth allocation. The level
of co-channel interference therefore has to be carefully controlled in order to offer the least
interference to other cells using the same frequency allocations. The present invention in
its preferred embodiments advantageously reduces the amount of interference caused by
transmissions from subscriber units, in particular by ensuring power levels are at

substantially the minimum necessary for good reception.

A preferred embodiment of the invention will now be described, by way of example, with

reference to the drawings in which:
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Figure | is a schematic diagram illustrating the system including a base station (BTE -
Base Terminating Equipment) and subscriber unit (NTE - Network Terminating
Equipment),

Figure 2 is a diagram illustrating frame structure and timing for a duplex link,

Figure 3 is a schematic topology of part of the preferred network showing four cells each

having a base station and subscriber units,

Figure 4 is a schematic graph illustrating power level tolerances applied over time,

Figure 5 is a graphical representation of one example of power level detection and

adjustment.

The Basic System

As shown in Figure 1, the preferred system is part of a telephone system in which the local
wired loop from exchange to subscriber has been replaced by a full duplex radio link
between a fixed base station and fixed subscriber unit. The preferred system includes the
duplex radio link, and transmitters and receivers for implementing the necessary protocol.
There are similarities between the preferred system and digital cellular mobile telephone
systems such as GSM which are known in the art. This system uses a protocol based on
a layered model, in particular the following layers; PHY (Physical), MAC (Medium Access

Control), DLC (Data Link Control), NWK (Network).
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One difference compared with GSM is that, in the preferred system, subscriber units are
at fixed locations and there is no need for hand-off arrangements or other features relating
to mobility. This means, for example, in the preferred system directional antennae and

mains electricity can be used.

Each base station in the preferred system provides six duplex radio links at twelve
frequencies chosen from the overall frequency allocation, so as to minimise interference
between base stations nearby. The frame structure and timing for the duplex link is
illustrated in Figure 2. Each duplex radio link comprises an up-link from a subscriber unit
to a base station and, at a fixed frequency offset, a down-link from the base station to the
subscriber unit. The down-links are TDM, and the up-links are TDMA. Modulation for
all links is /4 - DQPSK, and the basic frame structure for all links is ten slots per frame
of 2560 bits i.e. 256 bits per slot. The bit rate is 512kbps. Down-links are continuously
transmitted and incorporate a broadcast channel for essential system information. When
there is no user information to be transmitted, the down-link transmissions continue to use

the basic frame and slot structure and contain a suitable fill pattern.

For both up-link and down-link transmissions, there are two types of slot: normal slots

which are used after call set-up, and pilot slots used during call set-up.

Each down-link normal slot comprises 24 bits of synchronisation information followed by
24 bits designated S-field which includes an 8 bit header, followed by 160 bits designated
D-field. This is followed by 24 bits of Forward Error Correction and an 8 bit filler,

followed by 12 bits of the broadcast channel. The broadcast channel consists of segments
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in each of the slots of a frame which together form the down-link common signalling
channel which is transmitted by the base station, and contains control messages containing
link information such as slot lists, multi-frame and super-frame information, connectionless

messages and other information basic to the operation of the system.

During call set-up, each down-link pilot slot contains frequency correction data and a
training sequence for receiver initialisation, with only a short S-field and no D-field

information.

Up-link slots basically contain two different types of data packet. The first type of packet,
called a pilot packet, is used before a connection is set up, for example, for an ALOHA
call request and to allow adaptive time alignment. The other type of data packet, called
a normal packet, is used when a call has been established and is a larger data packet, due

to the use of adaptive time alignment.

Each up-link normal packet contains a data packet of 244 bits which is preceded and
followed by a ramp of 4 bits duration. The ramps and the remaining bits left of the 256
bit slot provide a guard gap against interference from neighbouring slots due to timing
errors. Each subscriber unit adjusts the timing of its slot transmissions to compensate for
the time it takes signals to reach the base station. Each up-link normal data packet
comprises 24 bits of synchronisation data followed by an S-field and D-field of the same

number of bits as in each down-link normal slot.

Each up-link pilot slot contains a pilot data packet which is 192 bits long preceded and
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followed by 4 bits ramps defining an extended guard gap of 60 bits. This larger guard gap
is necessary because there is no timing information available and without it propagation
delays would cause neighbouring slots to interfere. The pilot packet comprises 64 bits of
sync followed by 104 bits of S-field which starts with an 8 bit header and finishes with a
16 bit Cyclic Redundancy Check, 2 reserved bits, 14 FEC bits, and 8 tail bits. There is

no D-field.

The S-field in the above mentioned data packets can be used for two types of signalling.
The first type is MAC signalling (MS) and is used for signalling between the MAC layer
of the base station and the MAC layer of a subscriber unit whereby timing is important.
The second type is called associated signalling, which can be slow or fast and is used for

signalling between the base station and subscriber units in the DLC or NWK layers.

The D-field is the largest data field, and in the case of normal telephony contains digitised

speech, but can also contain a non-speech data samples.

Provision is made in the preferred system for subscriber unit authentication using a
challenge response protocol. General encryption is provided by combining the speech or
data with a non-predictable sequence of cipher bits produced by a key stream generator

which is synchronised to the transmitted super-frame number.

In addition, the transmitted signal is scrambled to remove dc components.
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Automatic Power Control

Automatic Power Control operates in the following manner for all RF frequency/time slot
settings, ie. at the MAC level. At the start of a call connection which is made at the MAC
layer, the subscriber unit begins transmitting control MS signals at a predetermined power.
The received power at a base station is measured and adjustment commands are sent to the
subscriber unit. The subscriber unit responds to these commands by changing its transmit
power by the increment suggested by the base station. The base station measures the
received power for the duration of the call and sends appropriate commands to the
subscriber unit. This process is accelerated at MAC initialisation by first using short initial

measurement periods and relaxed target tolerances.

The principal advantage of this whole process is in the reduction of interference in the

network.

Interference

There are two types of interference; co-channel interference and adjacent channel
interference as described below. A typical cellular topography is illustrated in Figure 3.
The reference cell is that containing base station BTE 1. The available frequencies are

divided into a number of subsets, denoted fs1, fs2, fs3.
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Co-Channel Interference

Cells containing base station BTE 1 and base station BTE 4 operate with the same
frequency set. Transmissions from subscriber unit NTE 1 to base station BTE 1 result in
co-channel interference to base station BTE 4. The exact level of interference depends on
the path loss between the two cells. Nevertheless, minimising the transmit power from
subscriber unit NTE 1 minimises the level of uplink interference present at base station

BTE 4.

Adjacent Channel Interference

Cells containing base stations BTE 1, BTE 2 and BTE 3 have mutually independent
frequency sets, denoted fs1, fs2 and fs3 respectively. Each frequency set consists of a
number of selected frequencies, denoted fn where n increases with increasing frequency.
However, optimum usage of the available frequency sets will involve base stations BTE
1, BTE 2 and BTE 3 having adjacent frequencies present in the frequency sets (i.e. if
selected rf frequency denoted n is used at base station BTE 1 then selected rf frequency
denoted n+1 would be used by base station BTE 2 or BTE 3). Interference is possible if
the power transmitted by subscriber unit NTE | in adjacent channels (n+1 using the
notation above) is not sufficiently attenuated and the path loss between subscriber unit NTE
1 and either base station BTE 2 or base station BTE 3 is low. Again this effect can be
mitigated by ensuring that subscriber unit NTE 1 is transmitting at no more than near

minimum power for successful reception.
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Adjustment to Optimum Power Levels

At start-up of a connection at the MAC level, the base station measures the received signal
strength of transmissions from a particular subscriber unit for a short period (0.25s). This
gives a measurement the accuracy of which depends on the propagation conditions but is
typically not expected to be greater than the largest range (threshold (j) as shown in Figure
4). 1If the received signal strength lies outside this range (+/- j) then the base station
commands the subscriber unit to alter its transmit power. The base station may request an
increase, decrease or no change. Subsequently a longer measurement period is used to
provide a more accurate measurement of the mean received signal strength. Again, if the
received signal strength lies outside the (+/- k) range then the base station commands a
change in transmit power from the subscriber unit. The third measurement period is the
one used in all subsequent measurements and allows the most accurate measurement of
mean received power. If the transmit power moves outside the (+/- n) range then the base

station will command the subscriber to alter its transmit power.

A typical process including each of the three above ranges is illustrated in Figure 5. This
shows the case where measurement of signal strength received by the base station in the
first 0.25 second is outside the (+/- j) range and as a consequence a first power change
command is sent which adjusts the transmit power of the subscriber unit such that the
signal strength received at the base station should fall within the (+/- k) range but not the
(+/- n) range. A further power change command results after the third measurement period

should the mean received signal strength lie outside the (+/- n) range.

10
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An advantage of this approach is that the transmit power of the subscriber unit is adjusted
almost upon initial establishment of a MAC connection. This has an advantage over
conventional approaches in which a measurement is only declared valid after a suitable
integration time during which the amount of co-channel and/or adjacent channel

interference can be excessive.

11
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CLAIMS

1. A method of transmitting messages in predetermined time slots within fixed length
times frames between a first transmitting and receiving unit and a second transmitting and
receiving unit in which, iteratively, a power level of a message from at least one unit is
detected and if falling outside one of a series of ranges around a predetermined target
power level the power level of the next message to be transmitted is adjusted so that power
level of the next message falls within said range, detection and possible adjustment steps
being repeated, with each range being smaller than or equal to the previous fange applied,

and at least one range being smaller than the previous range applied.

2. A method of transmitting messages according to claim 1, in which successive
detection steps have increasingly long detection periods so as to determine power levels

to successively greater accuracy.

3. A method of transmitting messages according to claim 1 or claim 2, in which the first

unit is a base station.

4. A method of transmitting messages according to any of claims 1 to 3, in which the

second unit is a subscriber unit.

5. A method of transmitting messages according to claim 4, in which the second unit is

one of plurality of subscriber units.

6. A method of transmitting messages according to claim 4 or claim 5, in which the

12
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power of signals transmitted from the or each subscriber unit is detected and adjusted.

7. A method of transmitting messages according to any of claims 4 to 6, in which

subscriber units are at fixed locations.

8. A method of transmitting messages according to any preceding claim, in which

transmissions are by radio.

9. Apparatus comprising first transmitting and receiving unit and a second transmitting
and receiving unit for messages in predetermined time slots within fixed length time
frames, at least one unit comprising a power level detection and control means, in which,
iteratively, a power level of a received message is detected and if falling outside one of a
series of ranges around a predetermined target power level the power level of the next
message to be transmitted is adjusted so that power level of the next message falls within
said range, detection and possible adjustment steps being repeated with, at least one range
being smaller than the previous range applied and each range being smaller than or equal

to the previous range applied.

10. Apparatus according to claim 9, in which the power level detection and control means
includes means to apply increasingly long detection periods so as to determine power levels

to greater accuracy.

11. Apparatus according to claim 9 or claim 10, in which the first unit is a base station

and the second unit is one of a plurality of subscriber units.

13
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12.  Apparatus according to claim 11, in which the subscriber units are at fixed locations.

13. Apparatus according to any of claims 9 to 12, in which transmissions are by radio.

14. Communication means comprising a base station and plurality of subscriber units, the
base station communicating with each subscriber unit by sending and receiving messages
in predetermined time slots within fixed length time frames, in which power levels of
messages from a subscriber unit are repeatedly detected by the base station which sends
control signals dependent on detected power level to selectively adjust the power level of
messages subsequently transmitted by said subscriber unit, each detection and adjustment
step including determination of whether or not power falls within a predetermined range
of values around a target power value and adjustment being dependent thereon, for at least
some successive detection steps the required power range being smaller than for previous

detection steps.

15. Communications means according to claim 14, in which the subscriber units are at

fixed locations.

16. A communications network comprising a plurality of cells, each cell having

communication means according to claim 14 or claim 15.

17. A communications network according to claim 16 in which RF carrier frequencies are
reused among cells to maximise the number of calls which can be made at any time despite

a limited bandwidth allocation.

14
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18. A communications network according to claim 17, in which power levels are adjusted

to be sufficiently low to substantially avoid interference between communications.

15



PCT/GB96/02727

WO 97/17768

1/3

sgG6 1~00143d 118

(S/S%9GZ 3LVY 108WAS) S/Q4ZLS 3LVY 118 (5118 8GZ)
e - 1075 IWIL L
s00§=511g 952 = 1075 NI \
Sw0=51/8 0952 = INVHI WOl -
——( (o) s )8 )z ){9)(s) .JT 2 )L Mo ) 6 )----vwar whian
A —— (518 857)
| — Tl 1075 NI L
- o {es[8]clo s oleTzez]iTolsT] s " WOL YNIINMOO
g (5118 0952) INVYS WOL )
Z 9l
T
(d1V) 1020104d 3IV4HILNI HIV 40 3402
NOILYNIWYIL ’
AHOM 1IN ' !
(3] W oy YHOMLIN JINVHIX3
wﬁﬁuﬁm O MvNIWEIL ] INIIVNIWY L §$323V VIINGI
NHOMLIN 15V8
_ " | O

JIVIHIINI IV



WO 97/17768 PCT/GB96/02727

2/3

fs = FREQUENCY SET (n)

FIG. 3

@ .
T 15 j=+10dB
- i k=%5dB
)
o 10 n=t1dB
% K
- 5 |
= n
8 0 ] 1 { [l 1 1 L 1 1 2 } ]
[T
> 0 10 20 30 40 50 60
o S
[
S .10
Z
lf:J 15
< TIME (s)

FIG. 4



PCT/GB96/02727

WO 97/17768

3/3

<+— JNIL

S03S GZve

S 9old

L1INN ¥39140S4Ns 01
S03S S2'vE Y314V IN3IS ANVYWINOD
JONVHOI ¥3IMOd

——

gp|=u
ap g =)
grol =l

LINN ¥38140S8NS OL

[-

U+

H+

SO3S 62'0 Y3 L4V LNIS ANVYIWINOD

FONVYHI ¥3IMOd

NOILVLS
3sSva
1V TVNOIS
a3aniad3ad
NVaIW

!



INTERNATIONAL SEARCH REPORT

Internauonal 2 ~ntication No

PCT/GB .0/02727

A. CLASSIFICATION BIECT MATTER

OF SU
IPC 6 HO4B7/005 HO3L5/02

According to International Patent Classification (IPC) or to both nauonal classification and [PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC 6 HO4B HO3L HO4Q HO3G

Documentaton searched other than minimurn documentation to the extent that such documents are tncluded in the fields searched

Electronic data base consulted during the internatonal search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citaton of document, with indicaton, where appropnate, of the relevant passages Relevant to claim No.

A US 4 613 990 A (HALPERN SAMUEL W) 23 1,9,14
September 1986

* abstract *

see column 1, line 35 - column 2, line 6
see column 2, line 62 - column 3, line 20
see column 8, line 22 - line 42

see column 10, line 63 - column 12, line
30

see column 15, line 11 - line 56

see claims 1-4; figures 1,4-6,10

-/--

Further documents are listed 1n the continuaton of box C. Patent farmily members are listed 1n annex.

* Speaal categories of cited documents : _—
T later document published after the internatonal filing date

or prionity date and not 1n conflict with the application but

"A" document defining the general state of the art which 1s not :
conadered 1o be of cular relevance ::‘1::“::’ :nders\and the pnnciple or theory underlying the

E” eﬁher cnlia«:;;ument but published on or after the internanonal "X* document of particular relevance; the claimed invention
Tling cannot be considered novel or cannot be considered to

“L* document which may throw doubts on pnonty claim(s) or involve an inventive step when the document is taken alone
which 1s cited to establish the publication date of another *Y* document of particular relevance; the claimed inventon
atation or other speaal reason (as specified) cannot be considered 10 involve an inventive step when the

"0° document refernng to an oral disclosure, use, exhibiton or document is combtned with one or more other such docu-
other means ments, such combinaton being obvious to a person skilled

"P* document published prior to the international filing date but tn the art.
later than the prionty date claimed ‘& document member of the same patent famuly

Date of the actual compleuon of the internatonal search Date of mailing of the international search report

28 February 1997 20.03.97
Name and mailing address of the {SA Authonzed officer

European Patent Office, P.B. 5818 Patentdaan 2
NL - 2280 HV Rupswik

Tel. (+ 31-70) 340-2040, Tx. 31 651 epo ni,
F::c((+31~70)) 403016 e Lopez Marquez, T

Form PCT/I1SA/218 {second sheet) (July 1992)

page 1 of 2



INTERNATIONAL SEARCH REPORT

International * -olicaton No

PCT/GB 6702727

C.(Continuaton) DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citaton of document, with indication, where appropnate, of the relevant passages Relevant to claim No.
A EP 0 371 700 A (MOTOROLA INC) 6 June 1990 1,9,14

* abstract *

see column 2, line 9 - line 39

see column 3, line 10 - line 35

see column 4, line 46 - column 5, line 33

see column 6, line 15 - line 33

see claims 1-4,8,17

see figures 1-3

A EP 0 468 507 A (TOKYO SHIBAURA ELECTRIC 1,9,14
C0) 29 January 1992

* abstract *

see column 1, line 10 - line 44

see column 2, line 47 - column 3, line 31
see column 5, line 20 - line 58

see column 7, line 7 - line 27

see column 8, line 7 - line 24

see claim 1

see figure 1

Form PCT/ISA/210 (continuation of second sheet) (July 1992)

page 2 of 2



INTERNATIONAL SEARCH REPORT

[nforn._ on on patent family members

Internatonal A nplicaton No

PCT/GB ,6/02727

Patent document Publication Patent family Publication
cited in search report date member(s) date
US 4613990 A 23-09-86 CA 1235188 A 12-04-88

EP 0186684 A 09-07-86
HK 4890 A 25-01-90
JP 61502576 T 06-11-86
WO 8600486 A 16-01-86
EP 0371700 A 06-06-90 CA 2000785 A,C 31-05-90
DE 68914262 D 05-05-94
DE 68914262 T 11-08-94
ES 2050819 T 01-06-94
IE 64560 B 23-08-95
IL 91947 A 27-02-94
JP 4502541 T 07-05-92
PT 92433 B 12-09-95
TR 24905 A 01-07-92
US 5301364 A 05-04-94
WO 9006644 A 14-06-90
US 5276685 A 04-01-94
EP 0468507 A 29-01-92 CA 2047870 A 28-01-92
DE 69112949 D 19-10-95
DE 69112949 T 15-05-96
JP 5007178 A 14-01-93
KR 9500054 B 07-01-95
US 5303268 A 12-04-94

Form PCT/ISA/210 (patent family annex) (July 1992}




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

