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:sequence numbe

-frequency-hopp ng schemes is used. As can be seen in
.Flgure 6, furt er input data are: MA (Mobile

Moblle Allocatlon Index (MAI), i.e., data on the
carrler frequenc1es to be allocated, 1s determined.

_Input'”ata for thls determination are, for example,
" the- Moblle Allocatlon Index Offset (MAIO) and the

Hopplng Sequence Number (HSN).

'From the ETSI Standard GSM 05.02, vers1on 5.1.0, a

method of generatlng a frequency-hopplng sequence is
known whlch 1nvolves determining the: above—mentloned

‘MAI (Mbblle Allocatlon Index), which’ spec1f1es the
'carrler frequency to be allocated w1th1n a carrier

unlt. As descrlbed in Secton 6.2.3 and shown in Figure
6 of GSM 05 02, ‘the known method comprlses the
follow1ng steszjFlrst, input data are -determined
whlchj;peclfyhat least the number of avallable carrier

_frequenc1es, N,"and a frequency-hopplng scheme to be
_used,.HSN The humber N of available carrier

frequenc1es va 1es between 1 and 64, and the hopping
‘HSN indicates which of 64 possible

Allocatlon) and FN (Frame Number) with the parameters

T1. to T3 From these input data, the hopplng sequence

is generated by calculatlng the MAI (Moblle Allocation
Index) for each tlme interval using the algorithm
shown on. page 17 ‘and in Figure 6 of GSM 05.02. The
lnput data are obtalned from a lookup table RNTABLE
(see: GSM. 05. 02, page 17). This lookup table contains a
pseudorandom assoc1at10n of 114 1nput values

.(addresses from 000 to 113) with 128 output values
.(contents from 0 to 127). The pseudorandom association

causes lntermedlate results produced by the algorithm
to be scrambled (see "look-up table™ 1n Flg. 6).




The invention is predicated on recognition that the
lookyp table, which is known per se, can also serve to
identify those radio facilities which are in radio
commﬁnication'ﬁith one another, and thus to associate
these radio facilites with one another.

According to the invention, therefore, several
dlfferent lookup tables are created, with those radlo
facllltles which are in radio communication with one
another belngsasslgned the same lookup table. This
means that the known method of generating a frequency-
hopp;ng sequence is improved in that several different
lookup tables are accessed to establish a unique
asso?iation between:the intercommunicating radio
facilities.

This: has the advantage that the association between
the radio facllltles not only is established on the
ba51s of usual 1dent1f1cat10n codes, such as the
subscrlber 1dent1f1catlon IMSI (Internatlonal Mobile
Subsgrlber Identlty) or the device code IMEI
(International Mebile Equipment Identity), but is
1mproved by a further criterion, namely by the
dlfferent lookup tables. '

With the measures iccording to the. lnventlon, it is
p0551ble not only 'o'lmprove the unique association
between the radio facilities, but also to form a radio
communlcatlon system which differs from the
conventlonal GSM- moblle communications system in that
it uses several dlfferentlookup tables. The newly
formed radio communication system is therefore-
partlcularly sulted for private radlo communication
us1ng conventlonal GSM hardware, with new software
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(m0dlfled :']-.gorlthm) being used to generate the frequency-

'hopp1ng seq ence.

" The. radlo communlcatlon system according to the

1nventlon thérefore comprises means for calculating
the frequency—hopping sequence which access several
dlfferent lo”kup tables, and radio facilities
compr131ng _tbrage means in which these lookup tables
are:storé " such a way that the intercommunicating
radlo fac;lltles contain the same lookup table. Also

propqsed_‘s_ajrgd;o facility for the radio

communica oﬁfsyétem which includes a means suitable
for calcu atlng the frequency-hopping sequence and a
sultabl . torage means.

Furthér édyéﬁtageons features of the invention are
defin’ed- i the .subclains.

Advantageously, the different loockup tables are
matrlces ‘W osé 1nput vectors are assigned to one
output vector each, with the output vectors of the
dlfferent“matrlces 'being orthogonal to each other.
This ensﬁf 5 that lnterference between the radio

is deﬁendé : nEa subscrlber identification. This

subscrﬁbeff de 'lflcatlon identifies the subscriber
who 1s usin -t_e moblle station. This means that each

subscrlber n' the r'dlo communication systems is



assigned a separate lookup table.

It is also advantageous to assign to each mobile
station a lookup table whose pseudorandom association
is dependent on the device code of theihobile station.
In this manner, each radio facility is unambiguously
assigned a respective one of the'lookup tables.

Furthermore, it is advantageous to store all lookup
tables of the mobile stations in the base station, so
that all mobile stations can communicate with this
base station. In this connection it is also
conceivable to use several base statiqps, of which
individual ones contain only a limited set of lookup
tables. This makes it possible to assign the mobile
station to a subset of base stations (“group
assignment").

A further advantage results if the storage means of
the mobile station contains not only the lookup table
for:radio communication with the above base station
but also a further lookup table for radio
communication with a base station of a_second mobile
communlcatlon system. A radio fac111ty is thus
proposed which can communicate both w;th the first
mobile communication system (for examg;é a private
radio communication system) and With?a:second mobile
communication system (for example a pﬁblic radio
communication system, such as GSM). The;hardware of
such a radio fac111ty corresponds esse”tlally to that
of a conventlonal radio facility for ﬁhe second mobile
communlcatlon systen. '

The invention will become more apparent from the
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followihg'description of an embodiment when taken in

conjunction with the accompanying drawings, in which:

Fig. 1 _ is a flowchart showing the steps of a method

according to the invention; and

Fig. 2 shows SChematically the structure of a private
- mobile communication system in the vicinity of

" a public mobile communication system.

Fig. 1 is a flowchart showing the steps 110 to 150 of a
method 100 according to the invention. The method
serves to generate a frequency-hopping seguence for
radio c§mmunication between radio facilities which
periodically change between the allocated carrier
frequencies. An example of the radio communication

system will be described later with the aid of Fig. 2.

The methpdlloo shown in Fig. 1 begins with a first step
110,.iﬁ[which the following input data are determined:
a first_input datum MA (Mobile Allocation), which
indicateé the carrier frequencies that may be used
within a cell, a second input datum MAIO (Mobile
Allocatibn Index Offset), which indicétes the frequency
offset with which the hopping sequence is to be
traversed, a third input datum HSN (Hopping Sequence
Number)}fwhich indicates that of a total of 64 possible
frequency-hopping schemes which is to be used, a fourth
input datum FN (Frame Number), which'indicates the
frame number, and a fifth input datum N, which
indicates the number of frequencies available in the
overal; System. The fourth input datum FN is defined
more precisely by three parameters, namely by Tl1l, which
indicates the number of the frame to be used



within a so-called superframe, by T2, which indicates
the frame number within a so-called traffic frame, and
by Té, which indicates the frame number within a so-
called signaling frame.

In a next step 120, one of several different lookup
tables RNTBLi is accessed, in this example the lookup
table assigned to the user of the mobile station. This
means that the lookup table now being used is
depe@dent'on the subscriber identification code IMSI.
The ﬁse_of the lookup table serves to scramble the
intermediate results before carrying out a further
step§130.:This means that the method 100 proposed
herein differs from the known method (see GSM 05.02,
'Figuée-ﬁ)-in that several different lookup tables are
now évailable, one of which is selecﬁed, preferably in
dependence upon the subscriber identification code.

In tﬁe further step 130, the scrambled intermediate
resuitsfare combined with other data. First, a number
Mi is calculated as follows: Mi = T2 + RNTBLi
[ASN'™ ™4 &) . 73], Then, the remainder is determined
for this number Mi and a new number Mi' is calculated
by the following modulo operation: Mi!' = Mi mod 2™,
In addition, a parameter to be used later, T, is
calculated from the parameter T3 by the following
equation: T = T3 mod2™™.

In a further step 140, the calculated number Mi' is
compared with the number N to determine whether Mi' is
less than N, i.e., whether the calculated number Mi'
is leSS.than.the number N of available carrier
frequencies.



If Mi' is less than N, in a step 148, an intermediate
result to be used later, Si, will be set equal to this
Mi' (Si=Mi'). If Mi' is not less than N, in a step
142, the intermediate result Si will be calculated as
follows: Si = (Mi' + T) mod N.

In a subsequent, final step 150, the calculated
intermediate result Si serves to calculate the index
MAIi from the formula: MAI = (MAIO + Si) mod N. The
MAI (Mobile Allocation Index) calculated in step 150
corresponds to the carrier frequency to be allocated
in the current time slot (e.g., carrier "3"). From
this information, the absolute frequency value, i.e.,
the number within the frequency band which specifies
the carrier to be allocated (e.g., 935.4 MHz), can be
calculated. The absolute frequency value is denoted in-
GSM 05.02 by RFCN (Radio Frequency Channel Number).

When comparing the above—-described method 100 with the
conventional method according to GSM 05.02, it is
apparent that several different lookup tables are
accessed (step 120) to incorporate, in addition to the
scrambling of the intermediate results, which is known
per se, the identity of the mobile station. This means
that the frequency-hopping sequence used by the mobile
station is generated with the aid of a loockup table uniquely
assigned to this mobile station. This lookup table can
be identified by evaluating the subscriber
identification code IMSI or, for example, the device
code IMEI (International Mobile Equipment Identity) of
the mobile station. The method described with
reference to Fig. 1 is carried out in the radio

communication system which will now be described with
reference to Fig. 2.



Fig. 2 shows schematically the structure of a radio
communication system according to the invention, CTS,
which is located in the neighborhood of a conventional
radio communications system GSM. The communication
system CTS is a mobile radio system for private radio
communication and contains a base station BS and
several mobile stations MS1 to MS3.

Each of the mobile stations is assigned a respective
lookup table; in this example, the lookup table RNTBL1
is assigned to mobile station MS1, the lookup table
RNTBL2 to mobile station MS2, and the lookup table
RNTBL3 to mobile station MS3. The base station BS
contains all of the three different lookup tables
RNTBLi, with i = {1, 2, 3}. Accordingly, radio
communication can take place in a multiple access
mode, with the mobile stations and the base station
periodically changing.their carrier frequencies by
frequency hopping. By the individually assigned,’
different lookup tables it is ensured that the mobile .
stations do not interfere with each other and that the

mobile radio system CTS does not interfere with

neighboring mobile radio systems. Neighboring mobile
radio systems may be conventional systems, but also
systems in accordance with the invention. In the
embodiment of Fig. 2, the radio communication system
CTS is in the vicinity of the public mobile radio
system GSM, symbolized in Fig. 2 by a base transceiver
station BTS. In this conventional mobile radio system
GSM, only a single lookup table RNTABLE is used.

In addition to containing the lookup table RNTBLE2
assigned to it,at least one of the proposed mobile
stations MS2 may adVantageously contain the lookup
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table for the public mobile radio system GSM. Thus it
is ensured that this mobile station MS2 can
communicate with both mobile radio systems. The
proposed mobile radio system CTS is advantageously
based on essentially the same hardware as the
conventional mobile radio system GSM. The mobile
station MS2 can thus be of a very simple design, as
only different software needs to be implemented.

The embodiment described relates to a mobile
communications system. However, the invention is not
limited to such radio communication systems. It can
also be used in other radio communication systems
using mobile radio facilities (for example in a
tactical radio communication system). The mobile

. communication system described has just one base
station. It is also possible to use two or more base
stations, with preferably not all mobile stations
being registrable with all base stations. Different
groups of mobile stations can be formed by storing
only a subset of the associated lookup tables in
“individual base stations. Besides the mobile station
described, which also contains a lookup table for the
public mobile radio network, a base station may be
adapted for use in both a private mobile radio network
and a public mobile radio network.
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Clains

1. A method (100) of generating a frequency-hopping

sequence contalnlng data (MAI) on carrier frequencies
to be allocated for radio communication between radio
fac111t1es'wh1ch change between the allocated carrier

- determinvﬁg input data (N; MAIO, HSN, Tl to T3)
whlch spec1fy at least a number (N) of available
carrler- requencies and a frequency-hopping scheme

1) ‘toibe used (step 110); and

- generatlng the frequency-hopping sequence from the
lnput data u51ng an algorithm according to which
the dataiiMAI) on the carrier frequency to be
'allocateq%ere calculated for each time interval by
ccmbininélthe input data and by accessing a lookup
table contalnlng a pseudorandom association of
input values ‘with output values for scrambling .
lntermedlate :results produced by the algorithm in a
pseudorandom fashion (steps 120 to 150),

charac :Ee_r ized 4in that
several. different lookup tables (RNTBLi) are
accessea :with the intercommunicating radio
fac111t1es belng assigned the same lookup table
(step 120)'

ZPL/S—JS/Ke/Lo _ | : |
22.10.98 .- 110852
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2. Afmethb@ 100) as claimed in claim 1, characterized

.dlfferent;metrlces belng at least approx1mately
' orthogonal to each other.

(100) as claimed in claim 1, characterized
radio facilities are at least one base

pseu@oran assoc1atlon is dependent on a subscriber
ideﬁtifie n code (IMSI) which identifies a
subs@ribeﬁf is using the mobile station (MS1) (step
120). - '

4. A method' s claimed in claim 1, characterized in
that thejrl . facilities are at least'one base
statibn_endféi'least two mobile stations, and that
each offﬁheﬁmﬁbile stations is assigned-one of the
p ta _egﬁhose pseudorandom association is
-the device code of the mobile station.

depenaeﬁie

5. A methof  100) as claimed in c1a1m 3 or 4,
characterlzed 1n that the lookup tables: (RNTBLl) are
stored in: the radlo facilities (BS; MSl to MS3), with
the lookup tabies of said at least two moblle stations
(MS1 to MS3) belng stored in said at least one base

6. A meth@dﬁ(iQO) as claimed in claim S}fcharacterized
in that e:ﬁi'é@ mobile communication system (CTS) is
e at least one base station (BS) and the
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mobile stations (MS1 to MS3), and that in at least one
of the mobile stations (MS2), both the lookup table
(RNTBL2) for radio communication with the at least one
base station (BS) and another lookup table (RNTABLE)
for radio communication with at least one base station

(BTS) of a second mobile communication system (GSM)
are stored.

7. A radio communication system (CTS) comprising radio
facilities (BS; MS1 to MS3) .which change between
carrier frequencies at regular time intervals in
accordance with a frequency-hopping sequence
containing data (MAI) on the carrier frequencies to be
allocated, and which comprise means for calculating
the frequency-hopping sequence using an algorithm
according to which the information (MAI) on the
carrier frequency to be allocated is calculated for
each time interval by combining input data (N; MAIO,
HSN, T1 to T3) specifying at least a number (N) of
available carrier frequencies and a frequency-hopping
scheme (HSN) to be used and by accessing a lookup
table containing a pseudorandom association of input
values with output values for scrambling intermediate
results produced by the algorithm in a pseudorandom
fashion,

characterized in

that the means for calculating the frequency-hopping
sequence access several different lookup tables
(RNTBLi), and that those radio facilities (BS, MS1)
which are in radio communication with one another have

storage means in which the same lookup table (RNTBL1)
is stored.

8. A radio communication system (CTS) as claimed in
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claim 7, characterized in that the radio facilities
.are at least one base station (BS) and at least two
mobiie stations (MS1 to MS3), and that each of the
mobile stations (MS1) contains one of the lookup
tables (RNTBL1) whose pseudorandom association is
dependent on a subscriber identification code (IMSI)
which identifies a subscriber who is using the mobile
‘station (MS1).

9. A radio facility (MS2) within a radio communication
system (CTS) wherein said radio facility (MS2) and
other radio facilities (BS; MS1, MS3) change at
regular intervals between carrier fequencies allocated
to them according to a frequency-hopping sequence
containing data (MAI) on the carrier frequencies to be
allocated, said radio facility (MS2) and said other
radio facilities (BS; MS1, MS3) comprising means for
calculating the frequency-hopping sequence using an
algorithm according to which the data (MAI) on the
carrier frequency to be allocated is calculated for
each time interval by combining input data (N; MAIO,
HSN, Tl to T3) specifying.at least a number (N) of
available carrier frequencies and a frequency-hopping
scheme (HSN) to be used and by accessing a lookup
table which defines a pseudorandom association of
input values with output values for scrambling
intermediate results produced by the algorithm in a
pseudorandom fashion,

characterized in

that the means for calculating the frequency-hopping
sequence  access several different lookup tables '
(RNTBLi), and that the radio facility (MS2) which is
in radio communication with one (BS) of the other -
radio facilities have a stbrage means in which the



same: lookup table (RNTBL1l) is stored as in said one
other radio facility (BS).

10. A radio facility as claimed in claim 9,
characterized in that the radio facility is a mobile
station (MS2) which is in radio communication with
said other radio facility, which is a base station
"{(BS) of a first mobile communication system (CTS), and
that the storage means of the mobile station (MS2)
contains.-both the lookup table (RNTBL2) for radio
commﬁniéiﬁion with said base station (BS) and another
lookﬁp table (RNTBLE) for radio communication with a
base:station (BTS) of a second mobile communication
system (GSM).



