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COVMUNI CATI ON SYSTEM TECHNI CAL FI ELD 5 The present invention relates to the
field of radio communi- cations and then particularly to frequency hopping
and hop between time-divided channels in a nobile tel econmunications
system The invention includes a nethod in which hopsequences 10 for
hops between channels are established for di¥ferent connections, thereby
enhanci ng channel utilization. Channel interference is used.to construct

t he hopsequences METHODNASDt MBANS| FORr FREDEENCY HOPRINGNGRNMBNRABOO carrying
out the nethod. COBMMURCENTITAN EXETEMFrequency hopping in radio

communi cations systens is known to the art and, for instance, has been used
inmlitary 20 contexts to escape tapping of transm ssions. In this
regard, communi TECHNICAE BIBERted with hops between different frequencies
at regulargtine intervals. The hopsequences are forned by pseudo-slunp

series that are known only to the transmtter and receiver. 25 .
: The present invention relates to the field of radio communi-

cations and then particularly to frequency hopping and hop
between time-divided channels in a mobile telecommunications
system. The invention includes a method in which hopsequences
10 for hops between channels are established for different
connections, thereby enhancing channel utilization. Channel
interference is used to construct the hopsequences. The
invention also relates to an arrangement for carrying out the
method.
15 '
TECHNICAL FIELD

Freguency hopping in radio communications systems is known
to the art and, for instance, has been used in military
20 contexts to escape tapping of transmissions. In this regard,
communication is effected with hops between different
frequencies at regular time intervals. The hopsequences are
formed by pseudo-slump series that are known only to the
’ transmitter and receiver.
25
In addition to hops between different frequencies, frequency
hopping also refers to hops between different frequency/time
slot combinations in a TDMA system. This latter should
. actually be named frequency/time slot combination hopping,
30 but the collective term channel hopping is used in the
following for practical convenience. '

Channel hopping has also been used in radio communications
systems for the purpose of reducing disturbances. The
35 advantage afforded in this regard is that the energy in the
system is distributed between the different channels. In this
regard, a number of channels are allocated tc one and the
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: ‘second. However, the level of disturbance in a radio communi-

cations system becomes higher when this type of frequency hop

10 is used than when using a purely frequency schedule. This is

because when frequency hopping, the frequencies are not

chosen in a relevant manner, but are instead chosen randomly.

U.S. Patent 4,716,573 teaches a frequency hopping system in
15 which the frequency hop is determined with the aid of random
number generation. Different fregquencies have different
measured status values which decide whether or not a pseudo-
rahdomly selected frequency shali be included in the hopse-
guence.
20 -
The German published specification DE 3415032 Al teaches a
frequency hopping system in which frequency hopping is
effected pseudo-randomly. The fregquencies used are monitored
and excluded from further use when they no longer have an
25 acceptable interference level.

U.S. Patent 4,998,290 describes a radio communications systenm
which utilizes frequency hopping. The system includes a
central control station which allocates frequencies for

30 communication with several participating local radio sta-
-tions. The control station maintains an interference matrix
which reflects the capacity requirement of the various radio
stations and the interference on all connections.

35 U.K. Patent Application GB 2,261,141 A teaches a method which
" utilizes frequency hopping in a radio communications system.
The method involves monitoring the channels included in the
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10 caused the system to allocate a channel which has good
guality properties to a connection. The connection continues
to use the allocated channel over the entire communication
period, without taking into account the consequences of the
allocation, for instance its disturbing influence on other
15 connections or to uneven distribution of radioc resources
between different base stations. This has stopped the
optimization of mobile telecommunications systems, for
instance with regard to radio resources and with regard to
disturbance effects on other connections. Examples of radio
20 communications systems in which the aforesaid problen occurs
are mobile telecommunications systems which use fregquency
division (FDMA), time division (TDMA), coding (CDMA) and so-~-

called DECT systems.

25 SUMMARY OF THE INVENTION

The invention is concerned with improving radio communica-

tions systems which utilize channel hopping, and solves the

problem of selecting the radiochannels between which the
30 connection hops in a relevant fashion.

aAn object of the present invention is to provide a radio
communications system which utilizes channel hopping such
that those channels which have high channel quality for a
35 given connection are used more often than channels having
lower channel quality for the same connection. Interference
is a measurement of channel gquality. According to the
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10 Still a fufther.object-of the invention is to enable a
radiochannel that has very high channel quality to be used
for several connections in progress. Still another object is
'to enable a radiochannel that has very low channel guality
to be used océaSionally in the connections in progress.

15
Yet still another object of the invention is to provide
orthogonality in a base station of a radio communications
systemn. This means that two or more separate connections in
one and the same base station will never use one and the same

20 radio channels simultaneously. -

'Anothér object of the invention is to make new radio channels

available to a connection in the process of communication,

thereby improving connection gquality, and to make other radio
25 channels whose quality is too low unavailable.

These objects are achieved with a method in which separate
radio channels are allocated separate weight values ih
accordance with the respective measured channel qualities of

30 -~ the channels. Separate hopsequences are then formed for
separate connections in accordance with the weight values
allotted. The weight values are used to decide which channels
shall be included in the hopsequences, and how often they
shall appear. The connections then hop between the channels

35 in accordance with the respective hopsequences formed. The
invention also relétes to an arrangement for carrying out the
method.
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The connections are generally bidirectional, having an uplink
from a mobile station to a base station and a downlink from
the base station to the mobile station. Channel quality, for
instance interference, is measured with respect to uplink

10 connections and with respect to downlink connections. The
measured interference values are then stored in an interfer-
ence list for each of the connections in the radio communica-
tions system. Downlink interference is measured in respective
mobile stations, while uplink interference is measured in the

15 base station. The downlink interference values are sent to
the base station, via a control channel.

The interference lists are converted to corresponding weight
lists for each of the connections in both uplink and downlink
20 in the base station. The weight lists are'preferably normal-
ized so that the sum of all weights in a weight list for one
connection will equal the value 1 (one). The weight lists are
then analyzed in an allocation circuit which allocates
’ channels in a hop sequence list for each of the uplink and
25 the downlink connections in accordance with the content of
the weight lists. A channel which has a high weight value for
a given connection will appear more often in corresponding
hopsequence lists than a channel which has a lower weight
value. The base station and the mobile stations both have
30 access to the hopsequence lists, by virtue of said lists
being copied from the base station to the respective mobile
stations via a control channel. The hopseguence lists are
finally used for channel hopping between channels in the
hopsequence list generated for respective connections.
35
One advantage afforded by the invention is that a channel
that has only low interference, i.e. a high-quality channel,
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then while maintaining acceptable quality on the connection
concerned. Still andther- advantage 1is that connections
channels can bé included and excluded successively for the
duration of a connection.
15 : _

The invention will now be described in more detail with
reference to a preferred exemplifying embodiment thereof and
also with reference to the accompanying drawings.

20 © BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a perspective view of a cellularlmobile telecom-
munications system which includes base stations and mobile

stations.
25 _

Figure 2 is a diagrammatic illustration of the TDMA princi-

ple.

Figure 3 illustrates in perspective base stations and mobile .
30 stations in a traffic situation.

Figure 4a is a perspective view of uplink connections.

Figure 4b is a block diagram showing different lists for
35 uplink connections in the mobile telecommunications system.
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10  Figure 6a is a block diagram which includes lists and a
measuring receiver.

Figure 6b is a diagram which includes a conversion curve for

converting interference to weight values, a block schematic
15 which illustrates a normalizing circuit, and a block schemat-

ic of a list for converting interference to weight values.

Figure 6c shows three diagrams illustrating three different
conversion curves.

20
Figure 6d is a block schematic illustrating the measuring
receiver in Figure 6a.

’ Figure 7 is a block schematic illustrating a compensating

25 circuit.

Figure 8 is a block schematic illustrating a mean value
former.

30 Figure 9a shows different interference lists in block form.
Figure 9b shows in block form an interference list divided
into two groups.

35 Figures 9c and 9d are respective block diagrams of a hop-

schedule.
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BEST MODES OF CARRYING OUT THE INVENTION

10
Figure 1 illustrates a mobile telecommunications system PLMN
which includes a plurality of base stations, referenced-
Qenerally BS, and mobile stations, referenced generally MS.
_ A fixed subscriber A in a public switched telephone network
15 establishes a bidirectional connection with the mobile

station MS1 for instance, via a local exchange LE, a central
gateway mobile switching centre GMSC, a mobile switching
centre MSC2, a base station controller BSC2 and finally via
the base station BS1 controlled by'the base station control-

20 ler BSC2. The bidirectional connection thus also includes a
radio connection between a base station BS1 -and the mobile
station MS1, this connection being established by allotting
appropriate radio channels thereto. Figure 1 also shows
another fixed subscriber A2.

25
A bidirectional radio connection includes two 1links, an
uplink for communication from the mobile station to the base
station, and a downlink for communication from the base
station to the mobile station.

30

A channel is used for transmitting communication in one of

the links, this channel comprising for instance in a TDMA

system a frequency/time slot combination. Other types of

channels are also conceivable, for instance frequency in an
35 FDMA system or code in a CDMA system. '

Figure 2 shows channels in a TDMA system having three
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cy/tlme slot combination £2/TS2. The number of available

channels is equal to the number of frequencies multiplied by

10 the number of time slots. Each time slot has a given length,
which in the European mobile telecommunications network GSM
is T1=?) mS and in the American mobile telecommunications
network D-AMPS is Tl= ?? mS. Figure 2 also shows a fregquen~
cy/time slot combination £2/TS2 in more detail. among other

15 things, transmission in a time slot includes a synchronizing
signal SYNC, an information signal INF, which is the actual
speech or data signal transmitted, and a control channel
SACCH.

20 Figure 3 illustrates a typical traffic situation in downlink.
The traffic situation shown in Figure 3 is slightly changed
with regard to the traffic situation shown in Figure 1. In
Figure 3, the mobile station MS2 has moved to the cell CELL1,

) and two further mobile stations MS4 and MS5 have arrived in

25 the cell CELL4. The mobile station MS1 and MS2 in the cell
CELLl receive radio signals from the transmitting base
station BS1 on the channels K1 and K2 respectively. These
channels are reused in the mobile telecommunications system
PLMN, so that the mobile stations MS4 and MS5 in a cell CELL4

30 receive radio signals on respective connections at a given
time point on channels K1 and K2 respectively from a base
station BS4. These radio signals sent from the base station
BS4 also reach the mobile stations MS1 and MS2 in the cell
CELL1 and are there expetienced as disturbing interferences

35 I on the connections of mobile stations MS1 and MS2. The
mobile station MS2 perceives the disturbances as being
slightly higher than does the mobile station MS1, since the
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in the nobile tel econmunications system Figures 5a and 5b are bl ock
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5 the disturbing interferences, among other thlngs, there is

followed a channél-hopping procedure in. which separate

hopsequence lists HL are formed for separate connections, for

instance for the connections between the base station BS1 and

the mobile stations MS1 and Msza_oﬁtlined briefly, this

10 channel-hopping procedure is effected byififst measuring the

interference I on all channels of the radio communications

system. Each channel having an associated measured interfer-

ence value is then allocated a weight value W which is

contingent on the measured interference value I. The weight

15 values W are the basis on which hopsequence lists are formed

' for the separate connections in both the uplink and the

downlink. The hopsequence lists are then used to hop between

the various channels while communication is in process. Each

_ of the connections is allocated a respective hopsequence list

20 in both the uplink and the downlink, via all base stations

BS in the system. In this way, there is obtained a channel-

hopping procedure in which channels that have the lowest

interference with respect to a given connection are used more

often than channels which have a'higher interference level.

25 It will be noted that interference is only one example of a

parameter which will reflect the guality of a channel. It is

obvious, and also lies within-the'scope of the invention,

that other parameters which reflect channel quality may also

be used, for instance the bit error rate BER, the ratio

30 between useful and non-useful signal strengths ¢/I, or

~ combinations thereof.

Figure'4a is a pefspective view of the three mobile stations
MS1, MS2 and MS3, each of which sends information to the base
35 station BS1 in uplink in the cell CELL1l. Channel hopping is
utilized in the communication process, i.e. information is
sent from respective mobile sections alternately via differ-
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shows in block forman interference list divided into two groups.

Figures 9c and 9d are respective bl ock diagrans of a hop- schedul e. 8
Figure 10 is a block diagram of a conversion circuit. Figure 11 is a

fl owsheet which illustrates a channel hopping nethod. 5 Figure 12 is a
flowsheet which illustrates a nethod of allggating channels to hop sequence

lists. BEST MODES OF CARRYING OUT THE I NVENTION 10 Figure 1 illustrates a
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15 est abl i shEseguertyl/tioe isie comireatioms. with the nobile station M1

for. instance, via a |ocal exchange LE, a central gateway nobile sw tching

centre GVBC, a nobile switching centre M5C2, a base station controller BSC2
and final|% viaThe method by which the hopsequence lists are generated for

the different connections will now be described with refer-
ence to Figure 4b.

Figure 4b is a block diagram which illustrates three differ-

i0 ent interference lists IL1,,, IL2,, and IL3,, in the uplink of

three different éonnections between the mobile stations Ms1,

MS2 and MS3 respectively and the base station BS1 in the cell

CELL1 shown in Figure 4a. Each interference list IL includes

: two columns, of which the first column takes up channel

15 numbers and the second column takes up the interference

values I. The channel numbers and the interference values

belong together row-wise. The interference on a channel is

normally comprised of disturbances from other mobile stations

that transmit in other cells on the same or bordering

20 frequencies. The interference I on the different channels is

measured in the base station BS1 in a known manner, and the

measured values are then delivered to respective interference

lists, together with associated channel numbers as shown in

’ Fig. 4b. The higher the interference value of a channel, the

25 more the channel is disturbed. Interference is measured in

the receiver of the base station BS1l, whereafter the inter-

ference val.ﬁes of the various channels are stored in their
respective interference lists.

30 The interference values I of the different channels are
converted to a corresponding weight value W in a first
conversion circuit I/W,. This conversion is effected in
accordance with an algorithm which will be described in more
detail with reference to Figures 6a-~c. The weight values are

35 then inserted into weight lists WL, such as to obtain a
weight list for each connection. The weight lists WL1,, WL2,
and WL3,,. for the three aforesaid connections are shown in



t he basewsy 6gj2080 BS1 controlled by the base station contr opergfhenosdsS’
BSC2. The bidirectional connection thus also includes a radio connecti on
bet ween a base station BS1 and the nobile station MS1, this connection

- being established by allotting appropriate radi o channels thereto. Figure 1

al so shows anot her fixed subscriber A2. 25 A bidirectional radi o connection

includes two links, an uplink for comunigation fromthe nobile station to
the base station, and a downlink for comrunication fromthe base station to

the nobile wigiurenab3Oedcit Wit 19stswd {0E10488Sthd [dIGmB@ YR wRidn i N
Frequency t IHE STGtS RBIMER | SARSEL (15 TOBUIChs AERBREE) ohf SR pedond™
concei vabl e colamni tekescepf tieueight waduess W. TrEVchaynsiedrmunbenseand a
e Lor el HABE, R IR 1" paTENEe Y SUERER L AOCHIL g
and f35%re difoltisnempedimenteaf Bigbcintesfierafreevapuet Infor asgieemt ed
on a hori zowhann@ll 9mpldes that a correspondingly low weight value WO
' is allocated to the channel. The weight values are also
normalized, so that the sum of all weight values in each
. weight list will be equal to the value 1'(one), as described
10  below with reference to Figures 6a-c. In the case of this
embodiment, the interference lists IL and the weight lists
WL have the same number of rows as the radio communications
system has channels, e.g. 100 channels, although lists
containing any desired number of rows can be used.
15 ..
The weight values W of respective connections are analyzed
in a first allocation circuit W/H,, which allocates channels
to a respective hopsequence list HLl,,, HL2,, HL3, for each
connection. This allocation is effected so that a channel
20  that has a high weight value will occur more often in the
| hopsequence lists HL1,,, HL2,,, HL3, than a channel that has
a low weight value. g '

The hopsequence lists are configured so that a channel will

25 not occur in two or more different hbpsequence lists on one
and the same row. This ensures that two or more connections
will not use the same channel simultaneously within one and
the same base station. The hopseguence lists are transferred
to respective mobile stations, so that respective mobile

30 stations obtain information relating to the hopsequence list
to be used by that station. The hopsequence 1lists are
transmitted from the base station to respective mobile
stations via a control channel. A& channel may appear in
several positions on one and the same hopsequence list. The

35 hopsequence lists are much longer than the interference lists
and the weighé lists. For instance, the hopsequence lists may
include 1000 rows.



channel util| wesgesmrespeci fic frequency/tinme slot conbination. ,#?7;,, 5
I nstance, channel K1 utilizes the frequency/tinme slot conbi nat | on %f

channel K2 utilizes the frequency/tine slot conmbination fl/TS2, and channel
K5 utilizes the frequen- cy/tinme slot conbination f2/TS2. The number of
avai | abl e channels is equal to the nunber of frequencies nmultiplied by 10
the nunber of tinme slots. Each tinme slot hasia given length, which in the
Eur opean nobil e tel econmuni cati ons network GSMis T1=?) nS and in the
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system PLMN, so that th | e stations in

10 channel K2 has the highest weight value, i occurs more often

than the others. In this example, channel K4 has the weight

value 0 and does not occur at all in the hopsequence HL1,,.

It should be noted that the interference I measured by the

15 base station is equal for the connections in the uplink,
although this is not the case with regard to corresponding
downlinks.

Figure 4c illustrates the mobile stations in Figure 4a when
20 transmitting from the base station BS1 to respective mobile
stations MS1-MS3, i.e. transmission in the downlinks. The
base station BS1 sends information to respective mobile
stations MS1, MS2 and MS3. Each of the connections uses a
. respective hopsequence list.
25
Figure 44 is a block schematic which includes interference
lists ILlgown; IL24oun: IL3eown FfOr the downlinks of the three
different connections between the base station BS1 and the
respective mobile stations MS1, MS2, MS3. In this case, the
30 interference is measured in respective mobile stations MSi1-
MS3 and the measurement values are stored in a respective
interference list. The interference in the downlinks consists
of the disturbances of which respective mobile stations are
aware on respective channels. The disturbances originate,
35 among other things, from base stations in other cells that
transmit on the same frequency as the base station BS1 or on
bordering fregquencies. A channel which has a low interference



adlo signals on respective connections at poi nt
on chana&f}bé@g{ and K2 ?espectlvel y froma base station BSﬁcp)?@gwg
signals sent fromthe base station BS4 al so reach the nobile stations M1
and M52 in the cell CELL1 and are there experienced as disturbing .
i nterferences 35 | on the connections of nobile stations MS1 and MB2.

The nobile station M52 perceives the dijgturbances as being slightly higher
t han does the nobile station Msl, since the WD 96/.02980 10 nobile

station MSyaisel enatkd figt e L wad hﬁdéa%ehibﬁbtoﬂnﬁ.sﬂféf@ﬁbé Rea 1ibi | e

station MS2. co di the_in ent ention of reducing 5
Sha i ot ur B SBEL SR ort et tory SRS RRGe 1t Rhg LSt erESRendd Hsisara "
channel - hopr.pleng transédurredi towtheh mparsaiamﬂmpsasmerm Hhad sthd masse f or ned
for separa e st.an I, ct| t e base
StatISOIEl) BS gBB %HtggﬁFeggtEgtggo%g q'n&t%gf % R ne bri e#i %ﬁl s 10°
channél - hoﬁi‘ﬁn&%’@@@é@% ig épﬂ"@é-tléﬂf b)ThfeI kSt ang | pnsfennadvid ence |

on all champhel caitrdie ¢ 08RUOH a0 EnElHtRd FPCch Prakesl 1@ayd ng an.
associ at ed asureg interfer- ence value is.then_allocated a \/\/elght val ue W
which is ween he 1nterference list in the mobile stations an he

interference lists in the base station BS1.

10 A general desire is for the mobile stations in the mobile
telecommunications system to have small dimensions and low
énergy consumption. An attempt is made to avoid requiring the
mobile station to carry out calculations and measurements
that require a high capacity, when these calculations and

15 measurements can instead be carried-out in the base stations
BS for instance, or in some central unit in the system. For
this'reason, the interference lists iLl«m:IL3“w,are sent to
the base station BS1, because this station'is better suited
for converting the lists to weight lists and for alloéating'

20 hopsequencés. It will be understood, however, that conversion
to weight lists and the allocation.of hopsequences can be
carried out in respective mobile stations MS1-MS3.

Similar to what has been described with reference to the
25 uplink situation, the interference values I ar converted to
weight values W in a second conversion circuit iW,,o.,,,, in the
base station BSl. The weight.values'are then inserted into
weight lists WL. A weight list WL1l..., WL2,.. and WL3,.. is
then obtained for each respective connection. The weight
30 values of respective connections are then analyzed in a
second allocation circuit W/Hai... Which allocates channels to
a respective hopsequence 1list HL1..,, HL2,.,, and HL3,,. for
respective connections. The hopsequence lists are finally
sent to respective mobile stations alsb in the downlink case,
35 so that respective mobile stations will obtain information
relating to the hopsequence list that they shall use. The
transfer of the hopsequence lists from the base station to



contingent owddgmggeasured interference value |I. The wei ght 15pcrseebibrgss W
are the basis on which hopsequence lists are forned for the separate
connections in both the uplink and the downlink. The hopsequence lists are
then used to hop between the various channels while conmunication is in
process. Each of the connections is allocated a respective hopsequence |i st
20 in both the uplink and the downlink, via all base stations BS in the
system In this way, there is obtained a channel - hoppi ng procedure in

whi ch. channel s trespeachive meblidecstatives fig effectiedhviaspammtnylachaneal,

connection are ysad 1’H¥ﬁ%rﬂ~fé %nstlw 2SRt dMcH AV EranedN8hccr in the

i nterference | evel. be noted that interference is only one
exanpl e of a pa%tsérs‘:\m‘}'ch WI II reflect the quality of a channel. It is
obwvi ous, and also lies within the scope of the invention, that other

par anmet ers _whi ch, refl ect. channe ual.t sg,b S

bit error Pate %’ qﬁu?% rh (Fﬁk %ggﬁguggfgﬁ Snﬁ 5ﬁ8ﬁ98§8§ hgaggﬁégl
strengths C/'1, iort efreriemate u’aiuebeikoill i ghe interferengesdasti kdluic®onf
the three mobi | a ‘Fﬂg} of, S S o] n
to the base 35 %h%?stg!t:ﬁg%cggé I n uplin N?ﬁet he %eel ISMIQ%. %fhignn%l{g g‘g%?%g
is utilized in Etetdom¥silcini dewnptides The FAgurer §PRWS Bheichannfls dgnkhe

respective nobi lig e @ tiitnaial,y,. via ¢héf Abbile station MS1 and also
10 the channels in the interference 1list IL1l,., in the base
station BS1l. As before mentioned, the interference 1list
ILl,., in the mobile station MS1 is transferred to the base
station BS1. via the control chanel SACCH. The remaining
channels in the list are not shown in Figure 4b. The inter-
15 ference values Il1-I4 in the weight 1list WL1,... have been
converted to a respective weight value 0.2, 0, 0.3 and 0.1.
The number of channels K1-K4 shown in the hopsequence list
HL1l,.. is contingent on the weight value. Because the channel
K3 in this case has the highest weight value, this channel
20 will occur more often. The channel K2 which, in the present
case, has the weight value 0 does not appear at all in the
hopsequence list HLl,.,- The channel K1 appears more often

than the channel K4, but not as often as the channel K3.

25 The conversion circuits I/W and the allocation circuits W/H
rmay be common to both uplink and downlink.

Alternatively, the measured values of the interference I in
the interference lists can be sorted in their order of

30 nagnitude, so that the channel that has the lowest interfer-
ence value will be at the top of the interference list. In
the case of this embodiment, the interference list is divided
into two parts.

35 Channels are stored in the hopsequence 1lists HL with a
repetition frequency that depends on .the weight values
zllocated to the channels, i.e. the number of times that a



11 ent (‘&ﬁr}gﬁ#@ol n accordance with respective hopsequence lists. In a TDVA
system i achieved with the use of different frequerGI/SEIVA08SS ot
conbi nations. 5 The nethod by which the hopsequence |ists are generated:
for the different connections will now be described with refer- ence to
Figure 4b. Figure 4b is a block diagramwhich illustrates three differ- 10
ent interference lists [err] and -[err] %(/g the uplink of three different
connections between the nobile stations 1, M52 and MS3 respectively and
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' sturbe r]speerct?.r\r%n(fnec)ﬂlsle satsa%lon IMS:L MS2 and MS3 both have access
10 to a hopsequence list for both the uplink and the downlink

of a connection, as described in more detail below.

Communication between respective mobile stations MS1-MS3 and
the base station BS1 is then effected by hopping between the

15 channels in respective hopsequence lists in both uplink and
downlink.

The aforedescribed channel hopping will be described in.mOre
detail with reference to Figure 5a and Figure 5b.

20 _ | '
Figure 5a is a functional block schematic which illustrates
‘an uplink situation in which fthe mobile stations MS1, MS2 and
MS3 send information to the base station BSl. The block
schematic includes the interference lists IL,, the weight

25 lists WL, the hopsequence lists HL,,, the conversion circuit
I/W,, and the allocation circuit W/H,, from Figure 4a. Figure
5a also shows radio transmitters S514-83. for the mobile
stations MS1-MS3, a receiver unit ME, in the base station
BS1, and sequence generators TGl-TG3, TGy The base station

30 BS1 has access to all channels in the radio communications
system. Figure 5a is divided into two parts by a chain line,
in order to show clearly what is included in the mobile
stations MS1-MS3 -and in the base station BS1 respectively.

35 Information signals C1,~C3,, for instance speech or data
signals from the mobile stations MS1, MS2 and MS3 respective-
ly, are delivered to a respective channel multiplexor Fl,~F3,



the recei ver wad 9d/iresgoase station BS1, whereafter the inter- fepgiiRodiglsses
of the various channels are stored in their respective interference |1sts.
30 The interference values | of the different channels are converted to
a correspondi ng wei ght value Win a first conversion circuit [err]. This
conversion is effected in accordance with an algorithmwhich wll be
described in nore detail with reference to R-gures 6a-c. The wei ght val ues
are 35 then inserted into weight lists W,, such as to obtain a wei ght
list for each ceiniedt b¥lonbee tueitgld ddsiectiore |radib [eragshibrtére $hF-as,.

af oresai d conneglions_are,sh o [ s b a t
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In this enmbodi nent, a Interference value | for gi,ven_channel i [ es

that a cor Pesportdi BRGM) F&W/S\Aébnf’:‘val &‘Bev\mfso%\‘wc%ﬂ eﬂlgaa%ﬁeq}h ahtrel havge
wei ght val ues armhedl Iedtdr FRttéad irsorédpéct e sehanhedsl. WidiEated upsdio

each weight i st Vgnlallsbilumh%l tz?ré hgeffvgree& ég n:?;spggtgggcéﬁ Egts of the
transmitters S1,~S3, and sent to the receiver unit ME,; in the
base station BS1. It will be noted that the hop sequence
10 lists include time discrete information, i.e. channels,
whereas the information signals C1,~C3x may be continuous.

The radio signals are received by a receiver M, in the

receiver unit ME, of the base station BSl. The signals are

15 then forwarded from the receiver M, and demodulated in

respective connection channels selectors D1,~D3,. The channel

selectors point out a respective channel, for instance a

frequency/time slot combination, in the hopsequence lists HL

in the base station BS1l, and therewith contain information

20 as to which channel shall be demodulated and to which

connection the channel belongs. The information signals Ci,-

C3, are regenerated on the output from the channel selectors,

these signals then being passed to a receiving subscriber in

’ the system. The connections between the system subscribers

25 are maintained in this way, so that, for instance, the fixed

subscriber Al in Figure 1 receives the information signal C1,
originating from the mobile station MS1.

As the information signals C1,~C3, are transferred via the
30 radio signals R1,-R3,,, the connections hop between the
different channels in accordance with the hopsequence lists
HL1,-HL3,,. The channel sectors D1,-D3, in the base station
BS1 and the channel multiplexors Fl1l,-F3, in the mobile
stations scan respective hopsequence 1lists HL1,-HL3, from
35 beginning to end, this procedure then being repeated. This
provides both the base station and the mobile stations with
information as to which channels shall be used for respective



10 bayoweitgss ref erence to Figures 6a-c. In the case ofpciipssfeERedi ment,
the interference lists IL and the weight |ists W. have the sane nunber of
rows as the radi o communi cations system has channels, e.g. 100 channels,
al though lists containing any desired nunber of rows can be used. 15 The
wei ght val ues Wof respective connections are analyzed in a first
allocation circuit [err] which allocateggchannels to a respective
hopsequence list [err] for each connection. This allocation is effected
so that a obenmegtifths. that has a hi.gh weight value will occur nore .often
in the hopsequence lists [err] t han a channel that has a | ow wei ght

val ue. The hopsequence lists are configured so that a channel. will 25

not occur iReSRRFEFVerURebilefstakionsp reepiest of ofhenbopseIBRBCSane

row. This enps¥s£sihhaghd VBagk BELHLLONNQFI Obhe Wnldpinet s@@tidsres S868n
si mul t aneously within one d the, g nme base_stati on.

channe n
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transmtte &5t At 1on Po res stations vi
control charelile Stakinieland )F%ﬁ%%ﬁel-’rf»%%al posi tions on one and the

same hopsequence list. The 35 hopsequence Ilsts are nmuch | onger than the

interference lis
10 fie %11e stations receive 1nformatlon relating to the

hopsequence lists via a control channel, for instance the
control channel SACCH in the GSM-system. Transmission of the
hopsequence lists from the base station BSl to respective
mobile stations is shown schematically in Figure 5a, with a
15 broken line between the hopsequence lists in the base station
BS1 and the hopsequence lists in the mobile stations MS1-MS3.

The sequence generator TGB in the base station sends to the

sequence generators TG1-TG3 information as to when a hopse-
20 quence is étarted, therewith ensuring that the hopsequence

lists can be scanned synchrohqusiy. This transmission is also

effected via the control channel SACCH, as shown schematical-

ly in Figure S5a with a broken line between the sequence

generator TGB in the base station '551 and the sequence
25 generators TG1-TG3 in respective mobile Stations'M51eMSS.

The receiver unit ME,; in the base station BSl also includes

a measuring receiver MI, which measures the interference on

_ the various channels and delivers the measured interference
30 values to respective interference lists. The interference
lists are therewith updated regularly at close intervals. The-
weight lists are updated by virtue of regularly scanning the
updated interference lists and converting the lists to weight

lists through the medium of the conversion circuit I/W,. The

35 'hopsequence lists are updated regularlylin turn, by reading-
off or scanning the weight lists, the allocétion circui_t.W/HuF

" therewith updating the hopsequence lists. When the hopse-



and the wei giwobé:@bgo For instance, the hopsequence lists may ipeqldid gmﬁg 00
r ows. 13 Figure 4b shows the channels Kl1-K4 with associ ated neasur
interference values 11-14 in the interference list [err] for the connection
bet ween the nobile station M51 and the base station BS1 in uplink. The
remai ning channels in the list are 5 not shown in Figure 4b. In the
weight list [err], the interference values 11914 have been converted to a
respective weight value 0.1, 0.3, 0.2 and 0. In the hopsequence list [err],
the channel s Kl-guengec lissanhave been updatedniropies of | & diistsgene sant

their weight valyereSbeeeive habﬁlsxeé\f@tfoﬁ@ h;h mﬂt&n&%é Renkkghest

wei ght value, it occurs nore often than the others. 1n this" exanple,
channel K4 has tH& vdisfm W& Fbe0CORETrade ShapNed SACTH- al| in the

hopsequence [err]. It should be noted that the interference | measured by
this T not the A4t LPcgar e baRRooaont Seoaaim inel indliselatel e
i1l Ustrates the dassillisnkssdttivatdonn Hingprineipken Qnguretsangnrresngnd$ono
the base stati 0'3?1%%1:5{ 8al Bﬁeeﬁi%etﬂ@t?ﬂ@f&é’ﬂé&'Eqd\@]tﬂ@%ra'ff‘ic situation
transm ssion in ownl I_nk
is in downlink, i.e. the information is sent from the base
station BS1 to respective mobile stations MS1-MS3., Similar
10 to the Figure 5a illustration, Figure 5b is divided into two
parts by a chain line so as to separate the base station BS1
from the mobile stations MS1-MS3. As shown in Figure 5b,
information signals C1,-C3,; are sent from the base station BS1i
to a respective channel multiplexor F1,~F3, included in a
15 transmitter unit SE,. The channel multiplexors point out the
channels from respective hopsequence lists HL1l,,,.,~HL3. ., in an
ordered sequence, wherein the information signals C1,-C3, are
successively overlaid on the channels pointed out from
respective hopsequence 1lists. The modulated information
20 signals are then forwarded to the transmitter S, which then
delivers modulated radio signals Rlieun=R3a..» which are sent to
respective receivers M1,-M3, in respective mobile stations
MS1-MS3. The received radio signals are forwarded from there
J' to a respective channel selector D1,-D3,. Each of the channel
25 selectors points out a channel from respective hopsegquence
lists HL1l,..~HL3,., at the same time, copies of these lists
being found in respective mobile stations. Respective radio
signals are then demodulated in accordance with the channel
indicated. The information signals Cl,-C3, are regenerated on
30 the output of the channel selectors and thereafter reach
respective subscribers of the mobile stations MS1-MS3. It
will be understood that all radio signals Rl,..R34.. Can
reach all receivers M1,~-M3,, but that only those channels
which belong to the hopsequence 1list of a given mobile
35 station are demodulated by this mobile station. This will be
described in more detail below.
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respective interference lists ILl. IL3.,,.,.,. Copies of the
interference lists in the mobileﬂsﬁations are then sent to
the base station via a control channel, for instance the
control channel SACCH. This is Showﬁ in Figure 5b with a
broken 1line between the interference lists in respective
mobile stations MS1-MS3 and the interference lists in the
base station BS1. '

Communication on a connection in downiink_bétween the base
station BS1 and one of the mobile stations MSi-MS3 is

effected by using the hopsequence list that belongs to the

connection. The moblle station and.the base statlon reads the

hopsequence list for said connect;on from beglnnlng to end

synchronously with one another, this procedure then being
repeated cyclically. The sequence generator TG1-TG3 for the
nobile stations and the sequence generator TG, for the base
station BS1l ensure that the hopsequence'lists ére scanned
synchronously. The sequence generator TG,JJ1the ‘base station
sends information to the seguence generators TG1-TG3 in the
mobile stations on the control channel SACCH when scanning
of respective hopsequence lists shall commence.

Figure 6a shows the conversion circuit I/WN,, and the
interference lists in uplink ILlw-IL3w_and the weight lists
WL1,,-WL3,, from Figure 4b. The interference values I1,-I3,
received from the measuring receiver MI, are stored in a
separate interference list for each of the three different
connections between the mobile stations MS1-MS3 and the base
station BSl. The interference values of all channels of the



5 the comwerdesioasyy | N downlink. The lists are transferred VI? éﬁﬁﬁ§°|
channel SACCH, as indicated by a broken |ine between the interterence [1st

in the nobile stations and the interference lists in the base station BS1.
10 A general desire is for the nobile stations in the nobile

t el econmuni cations systemto have small dinensions and | ow energy
consunption. An attenpt is nmade to avoid req@liring the nobile station to
carry out cal cul ati ons and neasurenents that require a high capacity, when
t hese cal cul at i sadigngompunicationsecapatencin rridnkdase vapspsgdoferieache
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this reason, the |nterferenc lists [err] are sent to the base st ?@ﬁfgl

because this st JfP¥nTPYSHAS %ﬂFQQ%? YIORS (FESTER(Rag o
lists and for althecaidnverdion diamasitiensieg sdanaIteipecmmwesinbdrference

however, at cqnversi gh

hopsequenc S caﬁ'lﬁg c%%?% a:‘?dr %%%% g%&g#ggﬁg%@%s to
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second conversion circuit err In base station BS1 t val ues
are then insert &8« n?vﬁﬁtﬁﬁtly§i§eﬁla§§vﬁﬁaﬁ? | A& TQﬁFﬁSPQﬂﬂﬁﬁQHVTlg%t
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[err] MhICR allo
be noted that the interference lists and the weight lists

need not necessarily have as many rows as the radio communi-
cation sgystem PLMN has separate channels.

15 Figure 6b shows an algorithm for converting or transforming
the interference values to weight values. The weight values

are also normalized, so that said values will lie between 0
(zero) and 1 (one). According to the illustrated conversion

curve 61, a selected interference value I, is converted to a

20 corresponding non-normalized weight value U,. In the case of
the present example, the curve 61 is monotonously decreasing,
although it may other forms as shown in Figure 6c with three

other curves 64, 65 and 66, According to curve 61, the

]’ interference values I, are divided into a lower non-normal-
25 ized weight value U, the higher the magnitude of interference
value I,. The curve 61 may be stored in a memory register 62

as discrete values with a plurality of rows according to
Pigure 6b. Each row in the memory register accommodates an
interference value I, and a corresponding non-normalized

30 weight value U,. The non-normalized weight values U, are then
normnalized to normalized weight wvalues W, in a normalizing
circuit 63 included in the conversion circuit I/W,,. Each of

the non-normalized weight values U, for a connection are
divided in the normalizing circuit 63 by the sum of all non-~

35 normalized weight wvalues. For instance, the interference
values Il,, on the different channels for the connection
between the mobile station MS1 and the base station BS1 in



a respegii sequence list [err] [err] and [err] for |V
connect ﬁ)ﬂé&mgﬁg hopsequence |lists are finally sent to re?ﬁﬁﬁ%/ﬁ“ﬁ%bi | e
~stations also in the downlink case, 35 so that respective nobile
stations will obtain information relating to the hopsequence |list that they
shal | use. The transfer of the hopsequence lists fromthe base station to
15 respective.nobile stations is effected via a control channel, for

i nstance a-sl ow associ ated control channel SACCH in the GSM system 5

Fi gure 4d simlink eereclconvertedl té4candespondiagedoneasrmellizetiewétghbce

val ues | 1- k1 1ot &l ' [gyr o h ecLLo tuween the
base stati O\éﬁl{;ﬁe{# ﬁebgog%%géggg% %%Pk%lgjl" nélaém%fllgnﬁeﬁ%g ]E—%gggggghéﬁgvs t he
channel s i (FR&henORTROTNRGIHREd |Weichiervalues are manvertadt ion wBsanand al so

10 the ol iM e 148 sHdBiLNCAed | WeigRE! ValleshR, PapRe ShatyrE BSI.

As before nentioned he.interferepce |[ist [err] in the nobile stafion M1
is tr sfer‘f%d“% &%aﬂééggsﬁiﬁpﬁﬁgggliﬁﬁa RefOBMErol chanel SACCH The
remai ning cnannels in the list are not shown in Figure 4b. The inter- 15

ference values 11-14 in the weight list [err] have been converted to a

respective wei ght value 0.2, 0,,0.3 &hd_0. 1. - .
3= 5 s o (1

J=1

where N is the number of separate channels in the systen.
10 '

' The interference 1lists ILlsoun~IL34mn are transformed in
downlink to weight 1list WL1l.u.~WL3.0um in a corresponding
manner. The difference is that the interference is measured
in measuring receivers included in the receivers M1,-M3, in

15 respective mobile stations MS1-MS3. Downlink interference
lists are established in each of the mobile stations MS1-MS3,
copies of these lists being sent to the base station BS1, by
transmitting the interference values via the control channel
SACCH. Conversion to weight values is then effected in the

20 ‘same manner as that described above with reference to Figures
6a and 6b. '

Figure 6c shd_ws the three different conversion curves 64-66.
The curve 64 is a straight line with negative slope, wherein

25 the interference values I, and the non-normalized weight
values U, are inversely proportional. The curve 65 is a type
of stepped curve in which the interference values are divided
into different intervals. Individual intervals are associated
with individual weight values. The interference values are

30 assigned the same weight value within a given interval. The
curve 66 is, in principle, a quarter-circle curve.

The interference lists are updated regularly, for instance



The nunber oWwodsmpesel s K1- K4 shown in the hopsequence |ist [ erptrisBosioosss
contingent on the weight val ue. Because the channel K3 in this case has the
hi ghest wei ght value, this channel 20 wi |l occur nore often. The channel
K2 which, in the present case, has the wei ght value 0 does not appear at
all in the hopsequence list [err]. The channel K1 appears nore often than
the channel K4, but not as often as the chariel K3. 25 The conversion
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temporary disturbances having an excessive effect on the

interference lists. The interference values I are multiplied

10 by a feedback constant a in a first multiplier 81. A signal

I*a is then delivered on the ocutput of the multiplier 81 and

received by an adder 82, which in turn produces a mean value

of the interference Im. This mean value is fed back to the

adder 82 via a delay circuit 84 and a second multiplier 83.

15 The second multiplier 83 multiplies the delayed mean value

of the interference by a factor l-a. The mean value of the

interference then becomes a sliding mean value of all earlier

measured interference values. When the feedback constant a

is relatively small, for instance 1/1000, there is obtained

20 a sliding mean value where the temporarily measured interfer-

ence value will only influence the mean value Im by a factor

of 1/1000. The mean value circuit 80 can, in principle, be

considered as a monopoly filter which filters the interfer-

’ ence. The new interference values I are fed in with a

25 frequency fm which is inversely proportional to the feedback
constant «c.

The weight lists WL are updated regularly, by feeding the
interference values into the conversion circuit I/W, which

30 then delivers corresponding weight values. Updating is
effected with the same frequency as that in which the
interference is fed in, i.e. the fregquency fm.

The hopsequence lists are updated in a corresponding manner,
35 by feeding the weight values from the weight list WL into the
allocation circuit W/H, which delivers channel numbers to the
hopsequence lists in accordance with the updated weight



5 Meafiy R2dgd’ each connection in both the uplink and tp@{lg%%g;k. An
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interference list IL, a weight list W. and a hopsequence |1 f ound
for each connection in both the uplink and the downlink. The base station
BS1 and the respective nobile station M51l, M52 and MS3 both have access 10
to a hopsequence list for both the uplink and the downlink of a connection,
as described in nore detail below. Comm®% cation between respective nobile
stations M51-MS3 and the base station BSl is then_effected by hopping

bet ween t he vedues,cRgnfAesSriRefeiPeBPFrocdnbpseohehe¥ | ists in both uplink
and downl i nk. The aforedescribed channel hopping will be described in nore

funeti onal  BRBcAEBEREEREe e i eriL SR gy i SH4 I have Eagy cn

t he nobi | e shaei cunbeB]l ofVEDwandsVBhe arafliofcommainiocat iondespstsem dias | on

- BS1. The bl ma [ udes the interference lists [err], the weight
25 istSQ?EP?%EEHeEﬁgﬁsgghénce lists [err] the conversion circuit [err]

and the allocation circuit-[err] fromFigure 4a. Figure 5a also shows radio
transmtter @hbehbbsééﬁehéé 1D6t & & inlatis mdel M3 taoh8GeE¥s indkdnder I']

S TN S ST ML T NI N C N Y
system _ Fi gumne the itsopBequiatte Nl bstsw pachanhglacehaiappdare,in several
10 positions in one and the same hopsequence list. The number
of times that a channel appears in a hopsequence list will
depend totally on the registered weight value of the channel.
2 high weight value will mean that the channel will occur
often in a hopsequence list. For instance, if a channel has
15 been allocated a normalized weight wvalue 1/2 for a given
connection, this channel will, on average, reoccur on each
alternate position in a corresponding hopsequence list. When
a hopsequence list contains 1000 positions, this would mean
that the channel occurs in 500 of these_lood,positions. A
20 0 weight position would mean that the channel is not found

on the hop sequence list.

Figure ‘11 is a flowsheet which illuStrates an inventive
method for channel hopping in uplink, which coincides in
25 principle with the method described above with reference to
Figures 5a. The flowsheet shown in Figure 11 begins at stage
100 and continues with'Stage 102 in which the interference
I is measured in the measuring receiver MI,. Measuring of the
interference is carried out for all channels on separate
30 connections between the mobile stations MS1-MS3 and the base
station BS1l. At stage 104, the measured interference values
I are stored in interference 1lists IL1,-IL3,,. Separate
connections have separate interference lists. In stage 106,
the interference values are cqnverted to corresponding weight
35 values W in the conversion circuit I/W,, these weight values
v being stored in weigh£ lists W1,-W3,, in the next following
stage 108 in the flowsheet. In stage 110, the weight values



in order to ywhgesdggar!y what is included in the nobile stati

and in the base station BS1 respectively. 35 Information signals [err]
for instance speech or data signals fromthe nobile stations MSl, Ms2 and
MBS3 respective- |y, are delivered to a respective channel mnultiplexor [err]
WD 96/ 02980 17 which belongs to the respective radio transmtters [err] The
channel nultiplexors successively point out 26he channels of the connection
fromthe respective hopsequence lists [err] in the J;Dbi | e stations, and pass

h

on the informat FoRreorede mto Waﬁéﬁ?%?@?gn[%#?‘r‘i W/ Hanp OPREER AL LRSS
[err] have thenchaafelbt tod tHe nesgmedtive chanmetsiohddbetednr atico molpike S

[err] are delivered.on r ect.Lve_qutput f t . ).tt

sent to the recgitegfoﬂﬁi ?é?’éﬁ%? Pﬂgt #'-rgeb ?%ests%%it&tr?%ggﬁl ‘I 1?{ }\%4?& iel%g%ke%d
that the hop segbenuvelsObeingisteredcindhe ihnpssigmnae 1istso it 3w ile.
channel s, uhereggt %x!tnffgﬁrbig,wgage? izer{x]:i fR¥ 2cwdbleeRU0Uhe Mthod

radi o signals are receive el ver Jerr n the receiver unit . errj].
g is

of ‘the base stafthsh mSRtimuEs| thasdagee 154, WHRERINOrGRATRRL f
receiver [err] afg¢etesBduhadcsbrdancRsRAth theCgBnacaten NOPSEGhence! PLts S

Lerr]. The chanl}gle method is terminated in stage 116, and then regularly

repeated. Figure 11 describes a method in uplink. The method

i0 in downlink is implemented in a similar way and will not
therefore be described in detail.

The allocation circuit W/H arranges the channels so that one
and the same channel will not occur in one and the same

15 position in one or more hopsequence lists. This avoids a
channel collision, i.e. a situation in which two or more
connections in one and the same cell use one and the same
channel at the same time.

20 Figure 10 illustrates the allocation circuit W/H, in Figure
4b in more detail. The normalized weight values in the
hopsequence list Wi, are fed successively into a multiplier
91, which multiplies the weight values by a factor M corre-

’ sponding to the number of rows in the hopsequence list HLl,..

25 In the case of this embodiment, the hopsequence list HL1,,
includes 1000 rows. The product is rounded off to an even
number and is forwarded to a random number generator 92 which
generates an equal number of mutually different random
numbers between 1-M as the product between the inserted

30 weight value and M. The generated random numbers are then
stored in a memory circuit 93, which in turn places the
channel belonging to the inserted weight value into the
hopsequence list on those rows denoted by the generated
random numbers. This procedure is then repeated for all

35 weight values with associated channels in the weight list
WL1,. For instance, the weight value 0.1 for the channel K1
is read into the multiplier M, which then delivers the factor
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sl ot conmbination, in the hopsequence lists HL in the base's 1, and
therewith contain information 20 as to which channel shall be

denodul ated and to which connection the channel belongs. The information
signals [err] [err] are regenerated on the output fromthe channel

sel ectors, these signals then being paseed to a receiving subscriber in the
system The connections between the system subscribers 25 are mai ntai ned
in this way0.3810p81000t0i khearandomhauribedd ganexatidre92al whidh dihen 1
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aﬁcoL dance whibht bgabeazenﬁeeﬁsnhésltn[ﬁﬁr 1?0Tbﬁ thennebo sp@éhmforgélrirl in
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earlier generated random numbers, so that no two channels

will be allocated the same position in the hopsequence list -

10 HL1,,.

A respective hopsequence list is generated for the weight
lists WL2,, and WL3,, in a correspohding manner. The same
channel number will sometimes reappear at certain correspond-
15 ing'positions in the various hbpsequence-lists. For instance,
the channel XK1 may be placed at position 15 in both the
hopsequénce list HL1l,, and the hop sequence 1list HL2,.
However, the risk of'this_happening is very small and'if it
should happen then any interruption in communication will be
20 scarcely discernable.

Alternétively, the channels can be sorted so that channel Ki
is placed in the 100 first positions, the channel K2 is
placed in the next following 300 positions, and so on. In

25 order to avoid collision between channels in different
hopsequence lists, the various channel groups in different
hopsequence lists are displaced so that one and the same
channel group will not overlap the same channel group in
another hopsequence list.

30 .
Figure ‘12 is a flowsheet which illustrates the inventive
nethod of'allocating channels in uplink to hopsequence lists.
This method corresponds_to the _description of Figure 10,
where the allocation circuit W/H,, and its function are
35 - described. The method commences at stage 200 and continues

to stage 202 in which the weight values W in the weight lists
WL1,~WL3,, are inserted into the multiplier 91. At stage 204,



connect i ons.yBa3/esdgh! Ve mobile stations have copies of the ho 55
lists in the base station and the nobile stations scan 5 respecti ve
hopsequence lists with a sinmultaneous start. It will be noted that there
may be some tine delay between the start of the scan, due to the
propagation tine between the nobile station and the base station. 10 The
nobil e stations receive information relatingzo the hopsequence lists via a
control channel, for instance the control channel SACCH in the GSM system
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1 separate channels are en stored in the memory circuit 93

in stage 210. The random numbers stored in the memory circuit

93 are then used in stage 212 to store the channels in the

hopsequence 1lists HL1,-HL3,, in positions given by the

generated random numbers. The method is terminated at stage

15 214, but is repeated regularly. The method in downlink is

equivalent and will not be described in detail.

Figure 6d illustrates how the interference values I are

measured in the measuring receiver MI, in uplink. The

20 measuring receiver MI, is included in the receiver unit ME,

in the base station BS1l. The measuring receiver receives the

interference values from the respective mobile stations and

sorts out the interferences 1I1,,-I3.,, from the respective

’ mobile stations in a circuit 67. The measurement values are

25 then sent to respective interference lists, where they are
stored.

Relatively comprehensive calculations and signal processes
are required when all connections are to be allocated unigue

30 hopsequence lists in both the uplink and the downlink. These
calculations can be reduced, by introducing common lists as
described in more detail below. A simplified embodiment will
be described in the following.

35 In the base station BS1, the interference in uplink is
neasured and registered for all channels to which the radio
comnunications system PLMN has access, as earlier described



aW ues to respective interference lists. The interference lists are
therevmt Q?[fﬁ'é?sgd regularly at close intervals. The wei ghtPCT/SESS/08855
~updated by virtue of regularly scanning the updated interference lists and
~converting the lists to weight lists through the nedium of the conversion °
circuit [err]. The 35 hopsequence lists are updated regularly in turn,
by reading- off or scanning the weight Ligsts, the allocation circuit [err]
therewith updating the hopsequence |ists. When the hopse- 19 quence

lists have peen roEat&tbe PFEGULE 8¢ éir?éé t@{eeﬁ%@trftegehespﬁqtqumb' le
stations by . trapsmtting the iintent of .the lists, via ‘r;LEntroI channel

SACCH. 5 - 1B §life SAPS sf%Ffﬁ t CORRECHiops dY’aFg‘Paﬁn Rﬂ?cﬁe | G&P&tﬁeé a
downl i nk si bumﬁonmnﬁermrémq)lldsﬂ:mgug ecéh m@nrmi)a‘mtsthe chIg‘lE’Cﬁ:l@hsbut

with the di ;Le glr‘n %Egog&ggg w?lthu ri_LeI %d n I_ceg‘gvlnive rbﬁ e the

information1's aseost ation to Tesp ati ons
MB1-MBS. Si qpnaectbon hetween Fther doaBe | Brtaittlpalt i BA1 - Ringur theb ﬂoﬂbldlen ded

~into two paéi:ﬁt?&nan‘éfia'éhédé”'etﬁé 3amk0 it TErerde DRsApliaki a8 Bk from.
t he nmobil e stations MSl- . As _shown in Fi %ure 5b |nformat|on si_gnal s

[err] are sEﬁP"??Bﬁ?Phé’%"stﬁPPorpﬁ s&akions plst A% hERRemoblle
mul ti pl exor stetidéniNs2 Wdeuplink. The base station BS1 has access to all

channels in the system for which the interference in uplink
10 is registered and arranged in the common interference list
for uplink IL4,,. '

The interference in downlink is.registered in the simplified
enmbodiment in accordance with the following. The interference
15 is measured for the connections between the base station BS1
and the mobile stations MS1-MS3 in downlink, and is stored
in the interference lists ILl4um=IL34ewn in the same way as
that described with reference to Figure 5b. There is then
generated an interference list IL4... as a mean value of all
20 the interference values in downlink. A mean value is generat-
ed for each channel, such that, e.g., the interference value
of channel Kl in the interference list IL4‘,,,,;rI constitutes a
third of the sum of the interference values for the channel
K1l in the interference lists ILl..n~IL34.- Thus, there is one
25 interference list for the uplink IL4,, and one interference
list for the downlink 1IL4,...- There is formed fron these
lists a common interference list Il4... which includes the
highest of the interference values for each channel from one
of the interference lists in the uplink IL4,, and the downlink
30 IL44oun, in accordance with Figure 9a. This thus results in a
single interference list IL,,. co_ntaining the interference
values for the various channels for all connections in both
uplink and downlink for the connections in the cell CELLL.

35 The best channels are then selected from the list IL..., i'.e.
those channels that have the lowest interference values_. The
number of channels selected equals the number of conrections



15 transnyotogozegei t [err]. The channel nultiplexors point opdr/SER0085s
channel s fromrespective hopsequence lists [err] in an ordered sequence,
wherein the information signals [err] are successively overlaid on the
channel s pointed out fromrespective hopsequence |lists. The nodul at ed

I nformation 20 signals are then forwarded to the transmtter [err] which
then delivers nodul ated radio signals [err]2&hich are sent to respective
receivers [err] in respective npbile stations MSl-MS re |ved radi o
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and thereafter reach reSpective subscribers o | e stations MS1-Ms

It will be undefiiecatedap Heighidi ¥alugnffs 143 r] CRARNSdaIPRRING od & \fé’f‘%
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wi |l be describ
with equally as great probability, for instance in accordance

10 with a hopschedule HS1 shown in Figure 9d. The hopschedule
is repeated cyclically, such that the first connection will
utilize the hopsegquence 1, 2, 3, 1, 2, 3..., the second
connection will utilize the hopsequence 3, 1, 2, 3, 1, 2...
and the third connection will utilize the hopsequence 2, 3,

i5 1; 2, 3, 1..., as evident from Figure 9d.

The hopschedule HS1 shown in Figure 94 includes channels
whose interference has been measured either in uplink or in
downlink. When the interference of a channel is measured in
20 uplink for instance, the channel of the connection in
downlink is obtained by using the so-called duplex spacing.
When a channel in uplink is known, the system has knowledge
of corresponding downlink channels, since the channels in
’ downlink and in uplink are separated by a spacing which is
25 known to the system. In a FDMA system, this spacing is equal
to a radiochannel spacing, whereas the spacing in a TDMA
system may either consist of a radiochannel spacing, a time-

slot spacing or a combination thereof.

30 In an alternative embodiment, the base station BS1 takes into
account whether a channel is used in the cell CELL1l when the
interference is registered. This is explained below.

The interference on the connections in downlink is registered
35 in accordance with the following description made with
reference to Figure 9b. The base station channels are divided
into two groups A and B. The first group A comprises channels



V[)QGIOZ% %, 0 [err] 20 Each of the
.receiver %[glp?s]s al so incl udes a measurement receiver whi clPGRSEISOESS: he

i nterference on the various channels for respective connections. These
measur enent receivers are not shown in Figure 5b, but in principle 5
correspond to the measurenent receiver [err] shown in Figure 5a. The
interference lists IL in the nobile stagigons are updated, by regularly
measuring interference values in the neasurenent receivers and sendi ng new
i nt erferencasedl ies the ro@ﬂnecﬁrid/ethmtetneregreubi B cdmprises Ghamerele the

10 i nter n I e o] ase
station vi aégggo%tq‘réolﬁéﬁ luge r[{mt&lh%stéaén%‘ie t@ co ﬁ#%%gﬂgnel %A?E‘éf(b Thi s
i s shown i ndff§erentp ‘?\Matﬂﬂl&&-sbrbkerthﬁ néigstwegroupe iisnt xegistered| atts in

respective gg h!I.SrS{:ﬁhé Oftfe ¥ S3 ra el h.@muteesi:ateaﬁefér Séécﬂ e el 5
base station rTTanI cation Qon .a conne tiqon in downlink eiween t he

base sPati oﬁ°B§§°5ﬁan5n these redighiaredd FerpEreE3lues Reang senty
- using the hbtpsdhecrnmasd i statiat béhomgscemtrd: 2Rannelonmhet |m'rter'lﬂur-nob| | e

station andohlie Bighat!atighateads §hcpuaBRRNCGe el dinedd dpoagect fon

from begi nnirng sync nous ONn€ ano procédure t hen
bei ng repeaﬁ@lOBQCIQr@é\m ywf Tehanaglgndetyciredt dn Tibe Tomse or Stetieshi | e

stations angntBer&paHEECEn IEAEM 8hANNEEE" bohPrisifgPdh@ second group B
10 is not measured as often as the interference on the channels
in the first group a.

The interference in downlink may alterhatively be registered
with the aid of measuring probes distributed in the cell and
15 connected to the base station. This enables the interference
situation in downlink to be mapped in a given area, even
though no active mobile stations are present in this area.

The mobile station measures the interference in downlink on

20 the channels in the first group A only when the station

| itself uses the channels. Remainiﬁg time slots measure the
signal strength of the channels in the other Qroup B. In this
way, less capacity is required for measuring, or determining,
the interference situation in a cell.

25 . .
Each of the mobile stations establishes an interference list
and reports to the base station :BS1, via a control channel,
the C/I value and the signal strength SS on those channels
in the downlink used by the base station, i.e. the channels

30 . in the first group A, and the signal strength SS of those
channels that are not used by the base station, i.e. the
channels ih the second group B.

Figure 7 shows how the interference values I are measured in
35 the measuring receiver MIB in uplink. The measuring receiver
MI, is included in the receiver unit ME; in the base station
BS1. When a channel is occupied and the interference on the



25 statiowdi,%#zmsure that the hopsequence l|ists are scannegerseosioosss
synchronously. e sequence generator [err] in the base station seng

information to the sequence generators TGL-TG3 in the nobile stations on
the control channel SACCH when scanni ng of respective hopsequence lists
shal | commence. 30 Figure 6a shows the conversion circuit [err] and the
interference lists in uplink [err] and the wejght lists [err] fromFigure
4b. The interference values [err] received fromthe neasuring receiver
[err]. are storedhamnel3is registeﬂédiatethersmmeIﬁiNeIcmheaabtualthpeech

three different C e n d:th
base station BSf(?L%%%Ei S'L'} %fd%r e#?e%éa{%%iﬁ%a ai%%n% %}1’3@? 1%/\0§lso
96/ 02980 21 radiperceived asta sistrhing sdgngli- n?harleemww}'mw@a‘cﬁhw

t he- connecti ons co?&%@nlsatt%f fsfnaﬁ'e 'ﬂnﬁeﬂéﬂeﬁéw&a%\éa BY ﬂ?é‘)é;féé\&x §§ hke,
radi o communi cati on ? yst em has channel s. he COI‘IVEI‘SI on Ci I‘C Z

scans respéctivEY ondyc&hs useFP§Fs1P§FFFe£ﬁﬂc@bﬁ§eFF§1F Sume
interference vakhas bhanneaexpoﬂdlmspdwimﬂupl&ﬂkuheﬁwbénznhmomdande stéahian

al gori thm descriyjagd B! @i BaEQNLHUNEI LR B [ TA1dl AGSGHd R tRE ThOUEEer-
ence in uplink on the channel X1 for the connection between

the mobile station MS2 and the base station BS1 shall be

10 registered. The measuring receiver will then subtract from

the total registered interference values the signal strength

SS from the speech signal that is transmitted from the mobile

station MS2 to the base station BS1l. This compensation nay

be effected in accordance with Figure 7. The mneasuring

15 receiver MI, includes a first registration circuit 71 which

registers the bit error rate BER, on, e.g., the channel Kl

and converts this value to a corresponding C/I value. A

second registration circuit 72 registers the C/I value

obtained from the first registration circuit 71 and registers

20 the signal strength SS. The output of the second registration

circuit 72 then delivers the interference value I, of the

channel. If the channel is occupied when registration takes

place, compensation is thus made for the signal strength SS,

’ while when the channel is unoccupied, the signal strength SS
25 is 0 (zero).

When updating the interference values, the fact that the
interference on the channels belonging to the second group
B is not measured as often as the interference on the

30 channels belonging to the first group A is taken into
account, by correcting the feedback constant « according to
Figure 8.

The best channels are then selected from the common interfer-
35 ence list IL.,. and a hopschedule is generated in the afore-
described manner.



6b. The |
lists aI SO

aI ues are stored in correspondi ng wei ght 1}
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t hese
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separate channels. |t Wil THIBSHEETEHAS BEENtine interference lists and the

wei ght |ists need not ngcessaBREPYAGERN e as |rany rows as the radi o communi -
cation system PLWMN has %p%ﬁ-’a‘f—e—cnam—s— 5 Fi gure 6b shows an :
al gorithmfor converting or transform ngathe interference values to weight

val ues. The wei ght values are al so nornmalized,

so that said values will lie

bet ween 0 (Ttry cabewel &xaAPER. MQfdi!sngtI&ﬁeé heonhbuttxbasedrcoufn@reepn curve
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In Figure GoniddtiloNsCe MM SndbinGs ééveﬁ%aﬂﬁeéémﬁscowénﬂuwef%fe 61,

the interference val ués [err] are divided into a ] ower non-nor nal -

i zed vei ghtShAINGS-§ eFrleEhedhiviey ERENaBRi 8RR DT 1'-|°ntE’f‘f’er"ﬁ%‘?@@rva‘PGe
[err]. The cnﬂnsmtﬁbmmbeusé ocelli bedongingy ticeokisé ebadd statiaerese

values with_ a i t,y of ordi igure 6b. Each row in the
menory regi s‘fr%éaerg'ce?dm‘?ﬁcfat S \A%Vi%ﬁﬁeﬁoé‘ g’ n5gue [err] and a
cor r espondiThe melexhedalchanneds arendihgm ea&ﬂual[lma]tedma ﬂquahbyrmtsi zed

wei ght val ugs-dehidi it tvfagg@ B?ﬂ'ﬁ”?':‘é%%%eﬁg 1PORTRIdiget Wasent 14 lerr]
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e COI’IVEI’ slon CI réuit

of t & non-$BGRaMirdy ta I & gpl.ues aze

15

normalized so that the sum of the welght values will be one
(1) and each of the selected channels will be allocated the
weight 1/7.

Channel hopping is now utilized for the seven different

connections, such that each connection hops between all of
the selected channels with the same degree of probability,
for instance in accordance with a hopschedule HS2 shown in

" Figure 9c. The hopschedule HS2 is repeated cyclically in a

20

25

30

35

manner corresponding to that described for the hopschedule .

HS1 with reference to Figure 9d.

In a further embodiment of the invention, only those channels
whose measured interference lies beneath a given threshold
value are used. This can cause certain channels to be blocked
out and excluded from the hopsequence.

The base stations of traditional mobile radio systems are
permanent or fixed. However, the invention can zlso be
applied in mobile radio systems where a base station may be
mobile. This may be relevant when needing to increase
communication capacity temporarily in different places.

It will be understood that the invention is not restricted
to the aforedescribed and illustrated exemplifying embodi-
ments thereof, and that modifications can be made within the
scope of the following Claims.

This Sheet Has Been Reﬂlaced

L

Each



divided in 08 opfgsdgp! 1 zing circuit 63 by the sunrof all non- 3ﬁcf 0085
normal i zed mergﬁt val ues. For instance, the interference val ue Eﬁ%ﬁ oﬁ

the different ¢ onnecti on between the nobile station M1

and the base stati %Slaeel?k 1acdd0 96/ 02980 ‘
PCT/ SE95/ 00855 nverted to correspondi ng|f ribhS SOIERAHASSREEN |t
wei ght val ues [er mm HMMe curve 61 agd the rrem)rh/ r eqi RERVAGED The |

i\ e converted, or trans- formed, fnmtarnto

non- nor mal i zed
normal i zed merght val ues [ert]. The merghCLBIHS val ue normalizing algorithm

has the form [err] (1) where N is the nunber
of separate channels in the system 10 The interference |ists [err] are
transformed in dewnl AnketbodeP§hehrnbel] BEPPing drcdt reabvh R HRHFRT1oNhe

difference is t Q?Etéﬁe(t’ﬂﬁﬁ'}f eﬁﬁé?élhstﬁeaé%@éml rrpmmurmmtrd@@la&erﬁeast
i ncluded in the EC%IVE pect.i ve nobil

tat
e B e oS BLLEESrbih pkaedSn, o613 GRHL. Fe Tehcsnd, D Sagion
stations MsS1- MSgMstypibatwealent hesicH | sadibeicunresttidns t banbiee establisiBRl,

by transmi ttingehBE, LRt EhL ShERFE VG UESald T in &Rt (K1 -REF Gharacterized

by the steps of
- measuring a channel quality parameter (I, C/I, BER)} for

10 separate radio channels;
- generating hopsequences such that the channels will reoccur
in respective hopsequences a number of times contingent on
the measured guality parameter (I, BER, C/I) of respective
channels; and

15 - channel hopping between the channels in accordance with the
generated hopsequences for respective connections for
communication between the first radio station (BS1) and the
said at least one second radio station (MSl).

20 2. A method of optimizing channel utilization in a radio
communications system (PLMN), wherein the system (PLMN)
includes at least one first radio station (BS1l) and one
second radio station (MS1) between which radio connections

’ can be established through the medium of radio channels (Ki-

25 K4), characterized by the steps of
- measuring a channel gquality parameter (I, C/I, BER) for
individual radio channels;

- generating hopsequences such that the channels will reoccur
in respective hopsequences a number of times contingent on

30 the measured quality parameter (I, BER, C/I) of respective
channels; and
- channel hopping between the channels in accordance with the
generated hopsequences for respective connections for
communication between the first radio station (BSl) and said

35 at least one second radio station (MS1l), so as to optimize
channel utilization.

R 0 )



SACCH. GpBvghsesen to weight vaioes s then effected in thz, 5,@@
manner as t hat desmmsﬂﬁdfabm%ER hidy reference to Figures 6a mna Figure

6¢c shows the three ' rS|on curv 64-66. The curve 64 is a
straight line with wherein 2 THlSté]-ﬂséﬂL;Eé E’EF e val ues
[err] :and t-he non- nor t val ues [¢rr] aﬁgpg_m%s 6

proportional. The curve 65 |s a type of3sstepp . -which
interference values are divided into different |ntervals Ind|V|duaI
interval s d@e adsouatitcsd ofi ttedurling diks twidbapee vom uesdigheonneetiensnce

val ues are 30 a r&$&d %ﬁﬁn&ﬂ%éﬁ%é’@ﬁ%eﬂa{m 1 hdvﬂef‘e.% VeHe! phgiyal -

The curve 66 is, ,in principle, a uarter-C|rcI curve. The interference

lists are (FRPREYCAIONs |SYSHen Kﬁ%“ﬁhcénc qg?%%ﬁﬁ éGPﬁﬁﬂqqqsgéBﬁH A

tenporary ofwiige stathbeni r(lss:f)er anae musemuseﬁaayot@mwry (MS1)
l.s can .esult _in_ eat ive r ILbn the”

di h
| IntS Ealrjgéﬁgﬁi)s tic‘)'{neﬁt’sew%gﬁl n rb‘?f@f”‘&’r@e Fares f‘@?ﬁr ncﬁ% errgfeeﬁgﬁgﬁ?f%'gﬁeﬁevel
when 5 theraugip dher medisnuofareddodcbappeds, (KheKd)n chamackerjzedrge

changes ag tg.%cgté tge interference lists. As shown in Figure 8, a mean
val ue ci rcgzlh{1 cans%e used to_avoid ten‘gorary -di st ur bances havi ng
excessi ve of fRRasying,2 channel quality arameter (I, C/I, BER) or

individual radlo channels:;

10 - generating hopsequences such that the channels will reoccur
in respective hopsequences a number qf.tlmes contingent on
the measured quality parameter (I, BER,_C/I) of réspective
channels; and _

- channel hopping between the channels in accordance with the

15 generated hopsequences for respective connections for
communication between the first radio station (BS1) and said
at least one second radio station (MSl1), so as to reduce
disturbance on the radio connections.

20 4. A method of channel switching in a radio communications
systenm (PLMN), wherein the radio communications system (PLMN)
includes at least one first radio station (BSl) and one
second radio station (MS1) between which radio connections
can be established through the medium of radio chénnels (K1~

25 K4), characterized by the steps of
- measuring a channel quality parameter (I, C/i, BER) for
individual radio channels; _

- generating hopsequences in a manner such that the chahnels
reoccur in respective hopseguences a number of times contin-

30 gent on the measure gquality parameter (I, BER, C/I) of
respective channels; and |
- switching channels by channel hopping between the channels
in accordance with the generated hopsequehces for respective
connections for communication between the first radio station

35 {BS1) and said at least one second radio station (MS1).

5. A method according to Claim 1, 2, 3 or 4, characterized

O A A
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f eedback constant a 'nﬂasfshéeﬁﬁaslmwntﬂe hde®r 81. A signal l*ais i
|er 81 and receive

the interference HinT B HEETAAS BEENE!

del i vered on the output
which in turn produces a
is fed back to the adder ay circuit 84 and al{seconBERLACEBI i er '

83. 15 The second multiplier 83 nmultiplias the del aye
interference by a factor 1-a. The nmean value of the interference then
becones a slidihy generybing tie Aopsegqiencesdured interference val ues.

Wien the feedbacks LN @ilg a\:ﬂé vfe@.lg'i‘atﬂ Yi‘i'llﬁe%mi‘h') ob0inaPei dnse s in

there is obtained 20 aslid mean val ue whére the tenporarily neasured

interfer- ence JEFUEIIFFe WhEy "?l?ﬂ IW?%E"W%&H@#W RALARekars %,
1/1000. The nmeaBERplCEIy; réndt 80 can, in prlnC|pIe be considered as a
nmonopoly filter which S_t he terfer neM/' terference
Velves | @e ea Prrarehias eald hoBuganEboeR: Wik i Aarnsteds” VLR the
proportional toatlecdeedbeeightonslues alWilhe wei ght Ilsts V\L are updated
regularly, by feeding the interference values into the conversion circuit
I /W which 30 t hen delivers corresponding weig val ues. _Updating
effected with tfe saharethef acepridnohie FChadRi e %?Fﬁ‘t‘—é?%%@%rh)é Jrrangr

in, i.e. the fresyetiey élmoc%&mwte%qwsst(maﬁﬁ dpdeigltinist (wL) in

|C|Og[ esponﬂ(% ggt E%nggf[lmg orady ofeelgalc_?r%é e wei ght val ues fromthe wei ght

7. A method according to Claim 5 or Claim 6, characterized
in that the weight values (W) determine the number of times
that a channel will occur in the hopseguence (HL).

15 '
8. A method according to Claim 5, 6 or 7, characterized by
normalizing the weight wvalues (W) so that the sum of the
weight values (W) in a weight list (WL) will be one (1).

20 9. A method according to any one of Claims 1~8, character-
ized by a measuring receiver (MI,) which is adapted to
measure the channel quality parameters (I, BER, C/I).

’ 10. A method according to any one of Claims 1-9, character~
25 ized in that the channel quality parameter (I, BER, C/I) is
a ratio between useful and disturbing signal strengths (C/I).

11. A method according to any one of Claims 1-9, character-
ized in that the channel quality parameter (I, BER, C/I)
30 consists in the interference (I).

12. A method according to any one of Claims 1-9, character-
ized in that the channel gquality parameter (I, BER, C/I)
consists in the bit error rate (BER).

35
13. An arrangement for channel hopping in a radio communica-
tions system (PLMN), wherein the system (PLMN) includes at

)RR O



al l.ocati WH—whith deltvers channel nunbers to uence
lists |n‘9§c§}859§Q e,ﬁi L‘bthggqaeuml@taaﬂ wei ght 24 val ues, Mgﬁiq%ged in

nore detail bel ow. lists IL and_the 0 W. have
um“¥ 0 conmuni ca
ce |ists hayle nmang; _ ions, for

t he sane nunber

channel s, e. 100

instance_lOOO posi tions. The aIIocat|0n3g|rCU| _ dmnnel s in
- the hopsequence |lists. A channel can appear in several 10 positions in
one and the sgse maseq&e;&ce:tAdlaTlsigaeiwn?stsllc)f atndre??]é haécamtshaaaeb "
appears in pse e.list w end.tota nthe r ster weig
val ue of tt%%ffa g‘ﬂ&@ tﬁegtﬁ’%/%?dm ‘%g L?gi:'\f\ﬁ 195° ean Ctaﬁ’g ghgﬁﬁZP w | |
occur ofterlished dpeglerthe medtiumFof raﬁicamdmnmélﬁ (flariitcl, kharas-

been aIIocq%ﬁgj%duyﬂm%ﬂg@d wei ght value 1/2 for a given connection, this
channel on average, reoccur on each alternate position in a

corr esﬁ)ondmd’—hﬁ)ﬁé’&ftﬁhé@qlﬂﬂes PhBRagURpIcaeRdEer {Mlch o RSB0
positions, idy & wdrﬂiqu&auh&ﬁr paeapbeare( I0CBERS ¢,)0 PAELOfinkiesauad0o

positions. A tion would nean that the channel I's not
found on tHe ‘f?o%?éqﬂf\égc% gqa |

- the system includes a conversion c1rcu1t (I/W) and an

allocation circuit (W/H) for generating hopsequences in a
10 manner such that the channels (Kl-K4) will reoccur in
respective hopsequences a number of times contingent on the
measured gquality parameter (I, BER, C/I) of respective
channels; and in that
- the system is adapted to channel hop between the channels
15 (Ki1-K4) in accordance with the hopséquences generated for
respective connections, for communication between the first
radio station (BS1l) and the at least one second radio station
(MS1).

20 14. An arrangement according to Claim 13, characterized in
'~ that the conversion circuit (I/W) and the allocation circuit
(W/H) are adapted to allocate weight values (W) to individual
channels in accordance with the measured channel cguality
parameters (I, BER, C/I), and to generate said hopseguences

25 (HL) in accordance with the allotted weight values (%).

15. An arrangement according to Claim 14, characterized in
that the allotted weight values (W) are arranged in a weight
list (WL) in a falling order of magnitude.

30
16. An arrangement according to Claim 14 or Claim 15,
characterized in that the weight wvalues (W) deterrine how
many times a channel will occur in the hopseguence (HL).

35 17. An arrangement according to Claim 14, 15 or 16, charac-

terized by a normalizing circuit (63) which functions to
normalize the weight values (W) so that the sum of the weight
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Figure 11 i%v heet which il at es an inventive netho el
hopping in up kﬂw&vvm cﬁll [ principle with thg’cﬁgxag’g&gg

descri bed above with ref es 5a The flowsheet _shown in Figure

11 begins at stage 100 a h stage 102 in wh
interference | is neasured in the neasuring receiver [err %%@%?EEN
the interference is carried out for all chagpels on separ

connecti ons between the nobile stations MS1-MS3 and the base station BS1.
At stage 104, tveElussasur ed weilghtf driertcq WLl sedll egpumlstomreed li)n i nterference
lists [err] . Separate connections have separate interference lists. In
stage 106, the interference values are converted to correspondi ng wei ght 35
val ues Win the&ondér Axrangenant geeerdingete mgmna/amgeglwml hg-17,

stored in wei gftihdx'a'i:tt%r[&réd 1h”th9€ ‘Eﬁétc}fx&hﬁé’wcﬂ%ﬁ@gﬂ%a]z%éﬁéﬂ f@@ BER,

fl owsheet._In stage 110, read into

al | ocatiorP cir [%???ls%| (’:H %Ih%c’é‘?'%%"cﬁ&ﬁ?’(@leg‘ t‘i?etfﬁbl r%%%eéi?§%rblng
connecti ons betsmﬁgmalt ket rrepajtine (St/at)i.ons MS1- MS3 and t he base station BSI,
these allocated channels being stored in the hopsequence lists [err] in 5
the next follow ng stage 112 in the flowsheet. The nethod then continues in
stage 114, wherld.n &margmfanggisnty agcording to any one of Claims 13-17,

characterized in that the channel quality parameter (I, BER,
10 C/I) consists in the interference (I).

20. An arrangement according to any one of Claims 13-17,

characterized in that the channel guality parameter (I, BER,
C/I) consists in the bit error rate (BER).
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random nunbew 96i989 procedure is then repeated for all 35 PETRSS008ds5UES

W th associated channels in the weight list.[e For instance, the weight
value 0.1 for the channel Kl is read into @ iplier M which then
delivers the factor 26 0.1*1000=100 to the random nunber generator 92,

whi ch then generates_100 random nunbers between 1-1000. The generated
random nunbers are t A&l i ndB2ed TBBo thSl nendBE ci T&Bt 9BSI whi eh places
the channel K1 in §00 of {the 1000 pokitiong in 5 the[ohopsehuenceilist
[err]. This pﬁgced re islthen rlepeatefl for ¢hannell K2, flor whikh_300}

di fferent rantdom nginkgrs [a? gend(at efl. KTheseKPandoJunbelis afe al sb
different fromthefearTi gr geneg at ed [andonm nym:)eq : hat np TWO

channel s wi | | ¢£be aH-seatga—the—Sanp—ppsitrof—ii—t b }isti 10
[err]. A respe%tei Ve Mps]\ﬂm@me‘\ﬁﬁgt Kfenbrbed i hL-J-Lsis
[err] and [err] infa co/'respondgi r\g mapner. fThe safge channel nuprber w1 |
soneti nes reapBear e A COTESPPTES L O ARSI n-ttel

vari ous hopsequenc 1; tﬂ.f.{a\;r :rj.{gan J,E?*rhe 'gﬁanneﬂéél rery—be p#-aeeij at
position 15 in both_t _e__Eg_p_s_gg_ngp_é;e |ist_Jefr]_and_the_hop_sedquence_}i st
of thils h??ppeni ng {s very smallt and if it }
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shoul d happgn n any interruption in connunibation wll be ES cely
di scer nabl e OAé‘{'}émati vely, the channels can be sorted so that;e'glﬁanne K1

is placed in the 100 first positions, tkmazgyﬁmgi K2 is placed in the next
foll owi ng 300 positions, and so on. In 25 r to avoid collision

bet ween channels in different hopsequence lists, the various channel
groups in different hopsequence lists are displaced so that one and the
same channel group will not overlap the same channel group in another
hopsequence list. 30 Figure 12 is a flowsheet which illustrates the
inventive nethod of allocating channels in uplink to hopsequencqﬂlb§ts.
This nethod corresponds to the description of Figure 10, where t % “R
allocation circuit [err] and its function are 35 described.HEQg method

connmences at stage 200 and continues to stage 202 in -which the meléht
val ues Win the ﬁf'ght lists [err] are i8€g§ted into the nmuHLlwbi er g4t
st age 204, 27 Pi nserted wei ght val e nultiplied gra ually b ;
factor M whichpig,gn Rnteer and is eqldlh.lde)\e.he Qnunber of rows ip a
hopsequence i st. Ixt fol | ow t agef 206, ;
Mgk ! HEEE S B
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t he product %ngsf en the factor Mand the different wei ght pcT/SESRIESES
is inserted gragua y into the random nunber generator 32. The nethod then

proceeds to stage 208, in which random nunb%?ié)v\een 1- M are generat ed.

The random nunbers are integers and the nunb random nunbers ¢érBdawed
coincides with the factor MW The random nunbers generated for the 10 \
separate channels are then stored in the nenory circuit 93 in sHb.@:id\&r@.
The random nunbers stored in the menory circuit 93 are then used in stage
212 to store the chﬂggg:’%ni n the hopsequeptSddwhs [err] in pbhkildbens fiven
by the generated randomqunbers. The rretw is termnated at stage 15-

214, but is repealleddpw The met Wo@IN o

i s equival ent Land
will not be dego e i Fi gunelddwnl | es| how the interterencg
val.ues | are neasured)lin f asuring rec Aoy [err]] in uplink. The&l 20
measuring receiver [gKi]lli$ | ncluded in the Edelutbr| uni t [err] in the-base
station BS1. The neadKk{I®|r ecki ver receives |Kak@i htrff erenc es [Tggm
t he' respective nobi l K3 ohs| and gorts Out [KIBRit erif ereptes rir] g
the respective nobil K:z.gims in/a cirfuit qgaphe [reasyleneny” v Iuéﬁ:—e
25 then sent to rgsplstdve Her fer gncetbists, Wwhere—tihey afe ed
Rel atively conprehensiv \ cal Fl i ONS QRg4ASHgRa—Pt-eEesses are ried
when all conndctions larg to bel aljl ocat ¢2” uni quel3 hopsequep€e lists in
both the uplink and tihe jdownli pk.—ThES 1 \ K3

T3 town — H W/Hdown = i
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cal cul ati onsygagoeege r educed, by introducing comon |ists as decarSEbFeDSSH

nore detail below A sinplified enbodi nent_w | e described in the

foll owing. 35 In the base station BS1, / erference in uplink is
nmeasured and registered for all channels t0 whicC gdi 0 communi cati ons
system PLMN has access, as earli descri bed 36/ 02 28 with
reference to Figure 5a. Since th& interference-i'd ypli | e sa r

all connections within the cell %EL&l a conudhi_i nterferey ,wén’&an
be used for the connections in lik, in g R gur e 9a:

i nstance, the 5 connect ggn bet igengt he |k worom =Sl ea_d.;he—nvbu% m
station M5l shows the sangsl ntenfekeng8e in SEI i nk as thelgeAnecti on bet wvegn
t he base station BS1 and tfge nob\| mor 2 in uplinkThe base station

BSL has access to all channgls i m\t\& systdm flor which:theliaterference in

uplink 10 IS register S—rp-th n intefference list for
uplink [err]. The interf N nk—slregistleyed in the sinplified
enbodi ment in accordance Wt £6tHowi ng. The intefference-45--"is
measured for the connections between tte pasgfstatron BSL | : i
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and t he nobi o sgi@dgoons MS1- MS3 in downlink, and is stored in ﬁ&f,s 95/00855

interference lists [err] in the sanme way 36;}1 described with reterence

to Figure 5b. There is then generated an einence list [err] as a nean

val ue of all 20 the interference values in downlink. A nean value is

generat- ed for each channel, su that, e.g., thg interference val ue of

channel K1 in the interference |ist [err] constiﬁ"élu’ﬁa a ghpird of the sum of
[

the interference values for the %annel KL in_t ’%pef—l-i-sQ rrj.
Thus, -there is one 25 i nterfenende |ist f@?it_hgj?m’l'ﬁlj rr] and @gne
interference list for the downl ifk egr]. Thel & TS TornEl Wi(%ns
a comon interference list ferr] |c‘§ I nclju Hof the L
interference values for eagh chgnrEl -rom gnefo N rfdrﬁe‘rﬁ:’éﬁl—i?s\i_l:f:TJ
the-uplink [err] and the | i O_d~_[errf lin accordani¢ Wwth Figure 9a.
This thus results in a singje int rf’é}»ﬁe I $t [err] contdining the
i nterference values for theg various)chan e or_all cenne¢tions in both
upl i nk and downlink for fthefeerreeH ¢TI timeTef{CFLEL]. | 35 The best
channel s are then sel ected—trom the=st [err], i.e. phoselchannels that
have the | owest interference val ues. _'-I*_ annel § sel ectéd equal s
t he nunber of connections ! WO 86/ 02980 E : : ;
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29 within t Rgo@gloresELLL. This exanpl e includes three connec- pePSIDS/008%8
consequently three channels are selected. The selected channels are then

al l ocated an equally as |arge wei ght val ue Qﬂ( sum of the wei ght val ues
is equal to 5 one. Thus, in the present exXa , the channels are each
al l ocated a wei ght value of 1/3. Channel hopping is now i nplenented for the
three different connections, such that each connection wll hop between all
of the selected channels with equal |y di3ygeat probability, foWﬂ¢35mance in
accordance 10 wi th a hopschedul e hEﬁﬁiyoﬁm in Figure 9d. lngschedule
is repeated cyclically, such that the ction wil t| I'ze
hopsequence 1, 2, 3, 1, 2, 3..., tf e¢tion w

hopsequence 3, 1, 2, 3, 1 2... and the ‘mnyimenie nﬁection will utfiizc t he
hopsequence 2, 3, ﬁﬁgz MSl, "3, 1. aE—JvL&e t{from Figure 9g—¥he
hopschedul e HSL s in §4gure 9d i ncl ue apnel s wh er;eiem:e hfas
been neasured eithek in u or in downlijnk.] Wi¢n t i nt &r{erlence bfj al
channel is ne ed \\n 20 l'i nk for nstarcT, t ne of {t he
connection i wnl i i i ned by usTng tthe$n=calle X $pagi pgl==>=""
When a channel {in upli } the s emas {Kmow edd €& AT =
correspondi ng wnl i nk \ since t ehgnnel s | i nk farrgH
uplink are sep : i whi ch j-s25- known t\Q the sys+%ﬂ+-ln a
FDVA system this s | [/Wup -

Jar
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to a radi oclkempgbrespaci ng, whereas the spaci ng-i n-a TDVA syst
consi st of a radi ochannel

t hereof. 30
interference is

fol | owi ng descri pti

channel s are dividgd into t
WO 96/ (32980 30
channel s that are rjot i

channel s

channels in the fir
nobil e station for
interference val ueg
The interfer- encel
second group of chd
t he channel s conpri

Y%

!

si gnal
nnel s not used in the base
sing the seco
as the interference—ep—the—chanrnel-s—»

YRR s Biskrer
spacing, a time-_slot _spacing or a COH%IH%@W%#:

In an alternative enbodineéi%/ft base station BS1 takes
i nto account whet her a channel e I

gistered. This is explained below The interference on
the connections in downlink is registered 35

is used in .CELL1 when the
Wn accordance with the
n made with reference to Figuré& 9b. The baseBS8tati on
gg%groups A and B. The fliTst group A donprises
dinthe cell and theg o conpri ses
the cell. The interfdrencelon the/different
regi stered at reqgular tinel rvals in the
connections, tHhese regi &t.ered
t to the base station |via a contiol
gth SS is neasured dn the chann
stdtion. Interf
group B 10 i§ not neasured
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in the firstweysswdesh The interference in downlink may alternapeySkds/dosss
registered wwth the aid of neasuring probes distributed in the cell and 15
connected to the base station. This enabl eﬁyé terference situation in
downlink to be mapped in a given area, eve éhgﬁ no active nobile
stations are present in this area. The nobile station neasures the
interference in downlink on 20 the channels in the first group A only
when the station itself uses the channels. Remaining tine slots neasure the
signal strength of the channels B0 the other group B. In this way, |ess
capacity is required for neasuri'ng, or determning, the interference
situation in a cell. 25 Each #f the npbile stations establishes an
interference |listyand reporté to the Bhse stlakon BS1, via a control
channel, the I L [ SS on those channels in the
downl i nk used b 1 '
group A and th

Imlz)

I by

51 gnal strength SS of t hose/channe
. = vas

the base statio i.e. t channel S
how t he i nt UesSe
[err] in uplink. JThe megguring recei
unit [err] in the}base station BS1L. Wen a ch
interference on the

yer

7 x
(1—0) ¢ Imiz-1) Im{z~1) (/84
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31 channel _is registered at the sane tinme, the actual speechpergES8/00855
i ntended t ¥OWsnitted via said channel is al so perceived as a

di sturbing signal. The neasuring receiverl@@9ﬁl§2npensates for the
interference caused by the speech signal, that only the usel ess
interference is registered. -Assune that channel K1 is used in uplink
bet ween the nobile station M5l and the base station BS1. Al so assune that
the interfer- ence in uplink on the channel Kl for the connection between
the nmobile station M52 and the base station BS1 shall be 10 regi stered.
The measuring receiver will then subtract fromthe total registered
interference values the signal strength SS fromthe speech signal that is
transmtted fromthe nobile station M52 to the base station BS1. This
conpensation may be effected in accordance with Figure 7. The neasuring 15
receiver [err] includes a first rﬁ;' trgtion circuit 71 which registers the
bit error rate [err] on, e.g., th nverts this value to a
corresponding C/I value. A secdh®Pd 72 registers the d |
val ue obtained fromthe firstyn %b t nd rediseets 20
t-he signal st K SS. The Jbtg tib i ON Ci I Geit—?i?
then delivers thepmnterference val lle [er | f the:channgl
i s occupi ed when registfation takes$ :

f the channel.
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pl ace, conpgﬂggé%%ﬁ)is t hus nmade
e

channel is unoC d, the signal
updating the interference val ues,
channel s bel onging to the second

for the signal strength SS, while V\/n%gsthe

strength SS 25 is 0 (zer

ce on the

t he fact he interferen
group B iH%l asured as often as the

interference on the 30 channel s belonging to the first group Ais taken
into account, by correcting the feedback constant [err] according to Figure

8. The best channels are then selected fromgfie C ninterfer- 35 ence
list [err] and a hopschedule is generated i{ ¢iraraf -—descri bed manner.
32 The above exanpl e includes three connectigs | he cel | LL1.
Natural |y, the nunber of connections will be nofe in practicel@d@he
hopschedul e can be extended to apply to nore cohnections, for instance
seven connections. The number of )

to the nunber of connections int
concerned, i.e. 7 (seven) connect
al l ocated an equally as |arge wei
in accor-

Fig. 1
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10 dance wiotds/oe9me si nplified embodi ment. The weight val ues g¢fig (f
eac

normal i zed so that the sum of the weight values will be one (1) an
the selected channels will be allocated t 2 1/7. 15 Channel
hopping is now utilized for the seven diff t nections, such that each

connecti on hops between all of the selected channels with the sane degree
of probability, for instance in accordance wth_a.hopschedul e HS2 shown in
Figure 9c. The hopschedule HS2 is repeated c i ina 20 manner
corresponding to that described for the hopsgHedART i reference to
Figure 9d. In a further enbodi nent of the inv 7 only tho hannel s
whose neasured interference |lies beneath a givenjthreshold 25 DDval ue are
used. This can cause certain channels to be bl ocked out and excluded from
t he hopsequence. The base stationg of traditignal nobile_radio]s
permanent or fixed. However, the|ilmesmtion ofhwsigbtpechees
mobi | e radi o systems where a base|statmbn thg melbiphicre (Stthi s
rel evant when needing to increase’ f
different places. A nethod conpr|5|ng channel

hoppi ng according to the

i nven- 35 tion results in that the use of thevchannels is optim zed and
that interference on radi o connecti Onﬂul%i&?cag?osgdéf W b dia

the fector M)

TS
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32a It will be understood that tf8he SwedkhGatdrs MRl rgstricted-Yooxfa/ 00855
af oredescribed and illustrated ex tionad Mpplicationgnt s thereofo%mﬂ'ﬁ H996
nodi fi cations can be nade within the scope of the TolTow ng d ai ns.

CLAI M5 1. A nmet hod of channel hopping in a radi o conmuni cati ons system

(PLM\), wherein the system (PLMN) incl udes | east 5 one first radio
station (BS1) and one second radio station ﬁ%l) between which radio

connecti ons cagppe Wléﬁﬁﬂléha%@naeee Efﬁ‘iéémbaﬁné haanedh% cell

(K1-K4), charact eri steps of - neasuring anne% gual 1t
paraneter (I, @PLlBEﬁ?tPBPQU' ScpurheE Pﬁd?@%ﬁﬁﬁh‘éﬂ% Wlllabﬁo’é@%’ﬁngn

wei ght - val ues ﬂcaicendmedmbscﬁbamel Tain) BRC COitdanial id MappiBy r@asl%ﬁé
channel quali t% g rageters g " BERt \?gﬂeneratl ho se,ﬁéqences
accor dance wi t F°tHELIPBEat 8T 1508 aﬁ& gIRER E%‘H’éﬁ er of
channel's 8i || channelsi nsebspeed | wa.ll:'l.opshqnerma_es eguadnbes dfhe t number of
contingent on  Lhg¥EiGRE YR Yhd Wef LEPRESIAYCLENRRRbhseWhation BS1
concerned, i.e. 7 (seven) connections.
The selected channels are then each allocated an equally as
large weight value and arranged in a weight list, in accor-
10 dance with the simplified embodiment. The weight values are
normalized so that the sum of the weight values will be one
(1) and each of the selected channels will be allocated the

weight 1/7. .

15 Channel hopplng is now utlllzed for the seven different
connections, such that each connection hops between all of
the selected channels with the same degree of probability,
for instance in accordance with a hopschedule HS2 shown in
Figure 9c¢. The hopsch_edule HS2 is repeated cyclically in a

20 manner corresponding to that described for the hopschedule
HS1 with reference to Figure 9d. '

In a further embodiment_: of the invention, only those channels

whose measured interference lies beneath a given threshold
25 value are used. This can cause certain channels to be blocked
' out and excluded from the hopsequence.

The base stations of traditional mobile ra_.dii: gsystems are
permanent or fixed. However, the invention. can also be
30 applied in mobile radio systems where a base station may be
mobile. This may be relevant when needing to increase
communication capacity temporarily in different places.

A method comprising channel hopping according to the inven-
35 tion results in that the use of the channels is optimized and
that interference on radio connections is decreased.
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- 'channel hoppi ng bet ween t hel TheBweelish Patemtadcglange with thEL.UEMEa't/G@GSSD
hapsequences for respective ciifdelrtereationaiApaiioation2p nuni catig g}v\m
tHe first radio station (BSl) and the said at | east one second r di

station (MS1l). 2. A nmet hod according to Caiml, characterized by arrang- -
ing the allocated weight values (W in a jght list (W) in 25 a
falling order of magnitude. 3. A net hod ordi ng to Caim 2,

characteri zedyin SV | LSt e i_nes
that a channel e v}:]fl ocﬂc&ur I N %};0 %pseque%%% ﬁ%gﬁ 18 nﬁﬂnt}%ﬁtgj ctterae

according to traithe aforpdesrrikedranddibjunbrated,ergmphifvénghenbaddes

(W so that th@n%%”tﬁ%rb&& Wﬁhahthaehﬂéélfﬁatib@s V@il e nade WAlbhiW khebe
one (1). 35 éngﬁ %%1 Qrdl\%‘to any one of Clains 1-4, character-
ized by a msa§ﬁ'|°rpﬁg el if 2HS-s” adapt ed to measure the channel
qual ity paraneters (I, BER C'l). . A net hod according to any one of
Cains 1-5, character- ized in that the channel quality paraneter (I, BER

Cl1) is aratio between useful and disturbing signal strengths (C/1). 5

7. A nmet hod according to any one of Clains 1-5, character- ized in that
the channel quality paraneter (I, BER 1)

e e s g e e e 4 e AW m ¢ wesi e S S———— T e s SR e n . e s i oo =t e s mim e

- Sy PR B L L ST I T E R S

. o o This is the replacement sheet
e e e e ‘“""""""‘"’”"""“"'D“a}e‘ 20- JAN 1997
AMENDED SHEET




PCi/ 3235/G0855
consists in the interference (FJgsfedizh Pe ‘t‘é@dﬂaccordl ng to any)gngypf 1996
Clains 1-5, character- 10 | 2etd internkhieral bpgiceliamrel "qual ity paraneter
(Y, BER, T) consists intheDrtT error rate (BER). 9. An arrangenent for
channel hopping in a radio communica- tions system (PLM\), wherein the
system (PLMN) includes at 15 | east one first radio station (BS1l) and
one second radio station (MS1) between which radi o connections can be
estab- |ished through the medium of radig,thagnel s- (K1-K4), charac-
terized in that-. - the systemlncl udes a nmeasuring receiver (MB) for
measur- 20 ing a channel quality paraneter (I, BER, C/1) for individual

][adi ° chiannelt;? (KlaKﬂmhthbaeloﬂ/airervr\x)ﬂétrl_ 1n% Q?naekaamla @bﬁlﬁlﬁh‘ﬁ.caf:hgﬂﬁ
or al- locating, wei al u ) i ndi vi dua el s.in accor- dance
with the rreasﬁygﬁ E‘hg%}q‘w\squzﬁ %r@?ﬁet%’(% e %@%@PZS‘“CI‘@??)E‘ 4RES5n
al | ocati pn ci onei fidtHradio gﬁ:mﬁain n{BSmpsand quracsscondaradidaseatiohh
the allotted }f\ﬁbg t V ééelf &r ey Jﬂamngénﬁgggloﬁgatcahhe?ghggggiﬁlshed

(K1-K4) will. Th respec sequences

cont i ngent onthheuwbl ghe wedium( Qf é‘ﬁdﬂ@ssb@m%S dKanK4l s; chastacterhaed30
the system i sy 2dga[eegtg pschgnnel hop between the channels - (K1-K4) in
accordance with the hgpSequences generated for respectiyve connectlons for

communi cat i on~ hBERSUF iDL ¢ | Fhanpe ] guay &PVOlPa(‘lﬁgBteand”trhec Lk | BER) &R&
second 1adi 0 séphiraie radio channels; -

- allocating weight values (W) of individual channels in

accordance with the measured channel quality parameters (I
BER, C/I); - .
- _generat:.ng hopsequences_in accordance with the allocated
15 weight values (W) such -that the channels will reoccur in
| respective hopsequences*a‘mmber of’ times contlngent on the
weight value (W) of respective channels, and
- channel hopping between the channels in accordance with the
generated hopsequences for respective connections for com-
20 munication between-the-first radio station (BS1) and the said
at least one second radio station (MS1).

2. A method according to Claim 1, characterized by arrang-
_' J.ng the .allocated. weight values (W) in a welght list (WL} in
25 ‘a falling ordér of magm.tude R

3. " A'method acccrding to Clai.miz, characterized in that the
weight values (W) determine the number of ‘times that a
channel will occur in the hopsequence {(HL).

30
: 4. A method according to Claim 2 or 3, characterized by
normalizing the weight wvalues (W) so that the sum of the
weight values (W) in a weight list (WL) will be one (1}).
35 5. A method according to any one of Claims 1-4, character-

ized by a measuring receiver (MIp) which is adapted to
measure the channel_quality parameters (I, BER, C/I).
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(MB1). 35 10. An arrangenent {ReCOwSHiBs PR -CLai-A O, characterlz 506653

the conversion circuit (1/W {BGd Intbraatdriadéapiicatiosijr cui t (WH)ﬂgr eh 1995
adapted to all ocate weight values (W to individual channels in accordance
wi th the neasured channel quality paraneters (I, BER, C/1), and to generate
sai d hopsequences (HL) in accordance with the allotted weight values (W. 5
11. An arrangement according to Claim 10, characterized in that the

al lotted wei ght values, (W. are ar.rang li,st ) a falling
order of magnPtude® Tt °d1§c°°£ﬂl§9rgﬂg@ﬂ%n?neégg &M%'CFgFﬁPfGeﬁf
Claimi1l1, chaﬁaeaeﬁmzedlaltn thea ichiaid ele iqyfatl i3l ma(n\é):e&et(er masa howinmang

t h I '

according to 8 &f bt 2gSiben ety L A1ERESLt H i duny SEAHAMFTENL -
circuit (63) which functions to nor- nalize the weight val ues (Vv so t hat
the sum gof the Wehgﬂtetﬁabusacbgdangetahany | She | (A/ﬂt)cl\aﬂds3qqggl cBB%ackbl-

14. An arrangenent, accord to any one

char act eri zed 2Z®% HeR Fhétcﬁ&ﬂuﬁh%ﬁﬁﬁ1t9uE§F5HEP@Fa@PteBEﬁI(7$§Rcoﬁﬁ%hs
in the ratio keheaemsuief theaithtdirHdidiidey (1) .

(l

8. A method according to any one of Claims 1-5, character-
10 . . ized in -that the- channel ‘quality parameter (I, BER, C/I)
consists in the bit error rate (BER}.
9. An arrangement for channel hopplng in a radio communlca— -
tlons system (PLMN}) , wherein the system (PLMN) includes at
15 - least one first radio station {BS1) and one second radio
station (MS1) between which radio connections can be estab-
‘Iished through the medium of radioc channels (K1-K4), charac-
terized in that..
- the system includes a measuring receiver (MI;) for measur-
20 ing a channel quallty parameter (I, BER, C/I) for individual
" radio channels (K1-K4);
- -the system 1nc1udes a conversion circult (I/W) for al-
locating welgnt.valqes (W) to individual. channels in accor-
dance with the measured channel quality'parameters (I, BER,
25 =~ C/I1). and an aIIocatlon circuit (W/H) for generating hopse-
quences in accordance with the allotted weight values (W) in
a manner such-that the channels (K1-K4) will reoccur in
respectiﬁe hopsequences a number of times contingent on the
" weight value_(WT of respective~ehanne1sr;and;in that
30 " -"the systeh is adapted to channel hop between the channels
- (K1-K4). in accordance with the hopsequences generated for
'respectlve connectlons, for communlcatlon between the first
radio station (BS1) and the at least one second radio station
(MS1).
35
10. An arrangement according to Claim 9, characterized in
that the conversion.circuit (I/W) and the allocation circuit

— . .. This is the replacement sheet
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Si gn:?l strength (C/I). 15. “arivaeenent - accorfling to any onej} gof-n7- ?95
dains 9-13, 25 char act er | &g PRINaiRat- e hel qual ity parameteér (1 ,
BER, C/1) consists in the interference (1). 16. An arrangenent accordi ng-
to any one of Cdains 9-13, characterized in that the channel quality
paranmeter (1, BER, 30 C/1) consists in the-bit error rate (BER). 36

| east one first radio station (BS1) and one second radi o station (MS1)

bet ween whi ch r?dl o connections can_be est ab- shed t hrough the_medi um of

radi o channel V(¥ -3@§ adaphed to é#ﬂ-?@étﬁnw?habtﬁ’alues tiMe  §psindividrabes

a neasuring r@ﬁ@nuels[qrrr]a&@éraaaéwmwm @h@ha@aghraaaldﬁanmr éﬂt}(r
BER, C/I) for_indivjdual é hg &PEE ﬁl é - the s éen1|nc udes
conversi on ci PRERPEEEFHy R at PBA EPr GPFI?VFFE t hﬁ@ﬁ%ﬁ%ﬁ?ﬂﬁs
hopsequences (HLA ifi accordance wiith thet allhettednwelight (¥aidds (Wil |
reoccur én respecti ve hopsequences a nunber of tines contingent on the
measured qual ity parameter (I, BER (/1) of respective channels; and in
that - the syslem A auapnggmentcnaﬁﬁﬁdlngptbec ém Lfe chareeterized in

that the allotted weight values (W) are arranged in a weight
list (WL) in a falling order of wmagnitude.

10 12~ ‘An arrangement -according to Claim 10 or Claim 11,
characterized in that the weight values (W) determine how
many timeés-a channel - will occur in the hopsequence- (HL).

13. An arrangement according to Claim 10, 11 or 12, charac-
15 terized by a:nofmalizing; circuit (63) which funbtions to nor-

malize the welght values" (W) so that- the sum of the welght

values-in a weight llst (WL) w111 equal one (1)

14. An arran.g'emenﬁ"écmfdihg. to any one  of Claims 9-13,
20 characterized in that the channel quality parameter (I, BER;

Cc/I) consists in the ratio between useful and dlsturblng

signal strength (C/I)

15.° An arrangemehf:‘ -dccording to any one of Claims 9-13,
25 characterizéd in that the channel ‘quality pdrameter (I; BER,
Cc/1) consists in the interference (I)-

16. An arrahgefhént according to any one of  Claims 9-13,
characterized in that the channel quality parameter (I BER,
30 C/I“) cons:r.sts“ in- the 'bit error rate (BER) o :
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-measured interference values

(54) Title: A METHOD AND MEANS FOR FREQUENCY HOPPING IN A RADIO COMMUNICATION SYSTEM /

(57) Abstract

Frequency hopping and
hops between time-divided
channels (K1, K2, .) is
carried out in a mobile
telecommunications  system.
Hop sequences are established
for individual connections for
hops between the channels,
thereby improving utilization
of the channels in the system,
Interference (I) is measured
on the channels (K1, K2, .)

L3up
IL2uwp
Liup

Kiil
Kejl2

H_a-?_
HL2
up\

H.lup

Wiup

Lo i et

for individual connections
between a base station (BS1)
and a plurality of mobile

Kdll4

- EERE

"J

stations, The connections
are bidirectional, having an
uplink and a downlink. The

of the uplink and the downlink
respectively are stored in
an interference list (IL) for
each of the connections.
The drawing shows three
interference lists (IL.lup-IL3gp)
in the uplink, including
channel numbers (K1, K2, .}

-
H

and the measured intetference values (I1, 12, ..). The interference values are converted to weight values (0.1; 0.3; ..) in a conversion
circuit (I'Wyp), and the weight values are then stored in weight lists (WL 1up-WL3yp). The weight values are analyzed in an allocation
circuit (W/Hyp), which allocates channels to individual hop sequence lists (HL1up-FIL3yp). Each connection is allocated a respective hop
sequence list. The hop sequence lists are sent to respective mobile stations, thereby providing the mobile stations with information as to |

which hop sequence list shall be used.




characterized in that the channel quality paraneter (I, BER 5
in the ratio between useful
19. An arrangenent according to any one of Clainms 13-17,
quality paraneter (I

_consi sts

that the channe
interference (I).

BER, 10
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strength (C/1).
characterized in
C/'1) consists in the

20. An arrangenent according to any one of Cains 13-17,
characterized in that the channel quality paraneter (I, BER C/ 1) consists
in the bit error-rate (BER). '




