2 Mobi’l e Al l ocation | ndex (MAI), i.e., data on the carrier frequencies to
be allocated, is determ.ned.. .lnput data  for this determ nation are, for
exanpl e, the Mbile AIIocat1on | ndex Of f set (MAI O: .and t he Hoppi ng Sequence
' Nunber. . (HSN). From the ETSI'Standard GSM 05.02, version 5.1.0, a method of
' generating a frequency-hoppi ng sequence is knomn whi ch invol ves determ ni ng
" the:above-nentioned MAI' (Mbbile Allocation I ndex), which specifies the
carrier frequency ‘to be allocated within a carrier unit. As described in
,Secton 6.2.3 and shown in Figure 6 of GSM 05.02, the known nmet hod conpri ses
‘the.following steps. First, “input data are detern1ned whi ch specify at
‘| east -t he nunber, of avallable carrier frequencies, N, and a
f requency- hopdﬂ%’-%@h@h@@%t-b@n uBediox HMAT Thel renpelath adn abted | abl e carrier

frequenci es vaéafflagt éE§E S ence nunber HSN
| bl rgé%ency #1 £k9&P eréq: .

I'ndi:cat es whi c} 'ﬁ% Oppi hg ‘scl As can be
seen in Figure %p 'f'u‘?? ?ﬁpﬂlﬂﬁﬁtwnmqwﬁm ot manmha, and FN

oppi NSZ‘“E&””““%F‘ZP?‘F“@T%‘b‘?";‘%?‘ﬁff?{% TR e oot on'
Inggx) gforqeagﬁ%éf 8 ?‘gf%‘? &i‘f"ﬁbe’fh@{ 8I’Ithm shovvn on page 17 and in
Figure 6 of GSM 05.02. The i nput data are obtalned froma | ookup table
RNTABLE (see Cﬁ%x@ﬁ:lﬁ’@ E'f?ﬂeségﬁdagd”ésﬁ Oé)é(%)z ¢ axpelres:LCo%ntSa 1502 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‘ithe known method comprlses the
follow1ng step '

) 3F1rst, input data are ‘determined
whlch speclfy at ‘least the number of avallable carrier
_frequenc1es, N,“and a frequency-hopplng scheme to be
_used,.HSN The number N of available carrier
frequenc1es va ‘fés between 1 and 64, and the hopping
:sequence numbe SN indicates. which of 64 possible
-frequency-hOPP 1g schemes is used. As can be seen in
.Flgure 6, further input data are: MA (Mobile
Allocatlon) anh“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).




pseudor andom associ ati on of 114 input values (addresses from 000 to 113)
w th 128 output values (contents fromO to 127). The pseudorandom
associ at'i on causes internediate results produced by the algorithmto be
scranbl ed (see "l ook-up table"” in Fig. 6). 3 The invention is predicated
on recognition that the |ookup table, which is known per se, can also serve
to identify those radio facilities whichjsare in radio conmunication with
one another, and thus to associate theseradio facilites with one another.
According to the invention, therefore, several different |ookup tables are
created, with those radio facilities which are in radio comunication with
one anot her being assigned the sane | ookup table. This nmeans that the known

net hod of genalsélimz@ﬁi&ﬂu@%redimew o&gq:eeizf@tl%dmﬁwee%éﬁ t hat
several differ es .ar.e cesse o establi a un

associ ation b f&; % thclb Yy B%hiSF r &80 i®S0s S tt?as t he
advant age t hatldermﬂaﬁecﬁhcaﬁe araddet mnﬂmesa(hm.dlmaﬁe mmaramro only is
est abl i'shed onedrifuasd ti qﬁgﬁé

subscri ber i dre’::ntnlh‘:‘ﬁ'll cat |%Lrﬁ I\v}é%?lorﬁéejr nat (?cnig.’l % St}bscg;b iéﬂtt%ent [ ty)

or the device tfRge If@dio 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
anotper 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 crlterlon, namely by the
dlfferent lookup tables.

With the measures“accordlng to the lnventlon, it is
p0551ble not only;to improve 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



XInt&rnational Mbile Equiprment Identity), but is inproved by a further
criterion, namely.by the.different |ookup tables. Wth the measures
according to the in n, it is possible not only to inprove the unique
associ ati on between “radio facilities, but also to forma radio

communi cation systemwhicch differs fron1the conventional GSM nobil e

communi cations systemin that it uses several differentlookup tables. The
new y formed radio comunication systemis therefore particularly suited

for private radi @ comuni cation using conventional GSM hardware, wth new
sof t war e 4 (nDdlfled al gorithm being used to generate the frequency-
hoppi ng sequence. The:radi-o-communi cati on system according to the invention

t heref ore corfﬂ\qdééé-eﬁeéﬁ-goﬁ’-'@th@dl berngt useyl tthegeheratee bhy -frequEnag- Sequence

whi ch access nagy#i, ageﬁlef‘égr ent | ookup tables, and radio facilities

conpri sing storag ns tn which these Iookup tables are stored in such a

way that the |nterconnun|cat|ng radio facilities contain the sane | ookup

table. Al so [mhepasedo commadicatian Isysteoaccbediadi aocuheunl cation system

o oh i nc! UGkl U gty BB £h0° hRRRGHS PP N0

S the frequency—hopping sequence which access several

differen ookup tables, and radio facilities

compr131n storage means in which these lookup tables

are store "nfsuch a way that the intercommunicating

_'1t1es contain the same lookup table. Also
proposed_is a“radlo facility for the radio

' commnnlcatio”J ystem which includes a means suitable

for calculatlng the frequency-hopping sequence and a

Further edVahﬁageons features of the invention are
defined i zeﬁeubclaims.

Advantage sly, the different loockup tables are
matrlges w” :é 1nput vectors are assigned to one

outpﬁf ve f fach, with the output vectors of the
dlfferentg_ trlces being orthogonal to each other.

This ensures.that lnterference between the radio
facllltle

w'ach operate in a frequency-hopping mode,
is mxnlmlze_ B

1f the radlb'fac111t1es are represented by at least
one base stat _n and at least two mobile stations,
each of thl moblle stations will advantageously
contaln a: lookup table whose pseudorandom association
' ) a'subscrlber 1dent1f1catlon. This

the"moblle station. This means that each

subscriber: °heiqadlo communication systems is




sui t abl e storage neans. Further advantageous features of the invention are
defined in the subclai ns. Advant ageously, the different |ookup tables are

. matrices whose input vectors are assigned to one output vector each, wth

~ the output vectors of the different matrices being orthogonal to each

“ other. This ensures that interference between the radio facilities, which

~ operate in a frequency-hopping node, is rgnimzed. If the radio facilities

. are represented by at | east one base station and at |east two nobile

- stations, each of the nobile stations will advantageously contain a | ook up
. tabl e whose pseudorandom associ ation is dependent on a subscri ber

“jdentification. This subscriber identification identifies the subscri ber

© who i s using tassighedecassepavate Thockuparabldat each subscriber in the

. radi o communi cation systens is 5 assigned a separate | ookup table. It is
 al so advantageous to assign to each nobile station a | ookup table whose

- pseudor andom ak§otfa2lse advarptrgrrus h assigrviacaghiealfilee nobile

station. |n ths6adEonca. 168kl  eabTe fddd |pad it WL ASRIINed 3
respective Oneigfdépgn S0t “6n ' €ne device code of the mobile station.
In this manner, each radio facility is‘hnambiguously

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;d#second mobile
communication system. A radio facilityiis thus
proposed which can communicate both with the first
mobile communication system (for examg;é a private
radio communication system) and With?a:second mobile
communication system (for example a pﬁ@lic radio
communication system, such as GSM). Tﬁé;hardware of
such a radio facility corresponds esééQtially to that
of a conventional radio facility foréiﬁe second mobile
communication system. e

The invention will become more apparent from the



FurtRernore, it is advantageous to store all |ookup tables of the nobile
stations in the base station, so that all nobile stations can communi cate
with this base station. In this connectiofi it is also conceivable to use
several. base stations, of which individual ones contain only a limted set
of | ookup tables. This makes it possible to assign the nobile station to a

- subset - of baseo$18kingSaésEf DY S8 SbHNARNEmbod Dmdnit t lieEn EkIaeH ae resul ts
if the storage neans of the nobile station contains, not only the | ookup
tabl e for radfFeRdBRALAPRAFEIER WREN2EREMBABYENG SEAEIRTT ot HPEFRD a

. further | ookup table for radio conmunication with a base station of a

~ second nobil e comuni cation system A radjio facility is thus proposed which
“can comuni caFé9both vt hat FEOYFRAFT nRewEng o nf teRs ot 3 Aterhqd or

exanple a private radi 9c£0PAVRGCES | PRe SYSTEMiSRd ¥hdh a second nobile
comuni cation system (for exanple a public radi o conmuni cati on system such
as GSM. The hardware of such a radio facility corresponds essentially to

that of a conyegti gnal Logfpghltiyai the SEFQBE,FObit ey Leation
system The invgnt ?on '\?\nﬁ??ébsecorre rmc%(% jé)#{)par ente?ér?om {']%e g
o - 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



fol | owi ng description of an enbodi nent when taken in conjunction with the
acconpanyi ng drawi ngs, in which: Fig. 1 Is a flowhart show ng the steps
of a nethod according to the invention; and Fig. 2 shows schenmatically

. the structure of a private nobile comunication systemin the vicinity of a
~public nobile communication system Fig. 1 is a flowhart show ng the steps

©.110 to 150 of a method 100 according tothe invention. The nethod serves to
generate a frequency-hoppi ng sequence for radi o conmruni cati on between radio
~facilities which periodically change between the allocated carrier

frequencies. An exanple of the radi o communication systen1mﬁ|| be descri bed
~later with the aid of Fig. 2. The nethod 100 shown in Fig. 1 begins with a

- first step 119ithinvaisoreabled| superiramputbyid®2y hicfetinddicates a first

.- 'Sequence Nunber), whic

““input datum MnéMepihe AAOER: 20 in B S0-d el st eat it el drpauenc es

gﬁihat nmay be used within a cell second_i nput datum NAIL.Q (M bile
Al ocation | e¥xT2y f@é%?h M%matm%laﬁeérm YRRER MEERER tSAT t h whi ch

.-t he hoppi ng scaygeaesi%naplﬂg frawer sed, a third i nput datum HSN (Hoppi ng
i ndicates that of a total of 64 possible

- frequency-hoppi ng schenes which is to be used, a fourth input datum FN

- (Frame Nunber¥np ahnelhtiﬁ'dépal%@,tmeftpﬁn&evmrmbrdimqmiIQCbk\iplput dat um

Settnshah S shel Rempoh Qifssitsih e utail e hd Mok o
gned 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,
'Flgure 6) in that several different lookup tables are
now available, one of which is selected, 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.



rnore *preci sely by three paraneters, nanely by T1, which indicates the
nunber of the frame to be used 7 within a so-called superfranme, by T2,
whi ch indicates the frame nunber within a so-called traffic frane, and by
T3, which indicates the frane nunber within a so- called signaling frame.
In a next step 120, one of several different | ookup tables RNTBLi is
-accessed, in this exanple the |ookup taly e assigned to the user of the
‘fobil e station. This means that the | ookup table now being used is
dependent on the subscriber identification code |IMSI. The use of the | ookup
~table serves to scranble the internediate results before carrying out a
further step 130. This neans that the nethod 100 proposed herein differs

}‘ rorkn t he It<)|novmf et ho;i;ls(Be@sls c?&wmpzm Fa gstiep G)48 N altmaitnmcniatc& f }‘ er ent
. l'ookup t-ables_are aila one ect y in
- dependence up%?ls‘t‘ %r‘l‘%%‘# ]r?i%?ﬁ"l f%’c’at"f%if:ui e e‘? e‘f‘h%l t'f‘?ga}‘l?step
130, the scr abl edSi?M:erhedIétmreSﬂlm@t alessdrhnmebﬂ, vn.nrﬁcﬁm dat a.
First, a numbggaMepg fﬁ%&%@&f&tésré% ©VE{ d}hr ve ¢ i&\ﬂ_ﬂ{e& HalNerr] +

- T3]. Then the rémainder 1s deternmined for this number and a new nunber
M' is calculﬁ?éh°ﬁ§ tfd ?o(MbmnﬁgThnﬂﬂ@dNoperatlon. M' =M nod 2[err]

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.



In addition, a paraneter to be used later, T, is calculated.fron1the
paraneter T3 by the following equation: T = T3 nod2[err]. In a further step

140, the calculated nunber M' is conpared With the nunmber N to determine
whether M' is less than N, i.e., whether the cal culated nunber M' is |ess
than the nunber N of available carrier frequencies. 8I1f M" is less
than N, in a step 148, an internediate regsult to be used later, Si, wll be
set equal tothis M" (Si=M"'). If M"'" is hot less than N, in a step 142,
the internediate result Si will be calculated as follows: Si = (M' + T)
mod N. In a subsequent, final step 150, the cal cul ated internediate resul t
Si serves to calculate the index MAli fromthe fornula: MAl (MAIO + Si)

nod N. The MAIF{§bb2| ehdws oschématifaEXy €1é CstAlGEurd &t &P xla“&&orresr)onds

. to the carrier _fr uencg to be a Iocated the current tineg slot ée g ,
SOBIIEFat] AL

i carrier "3").
" the nunber mﬁthhnchhnsfleqaﬁadylbaﬂmewhet@hb¢mﬁn6desftimbdﬁﬁénﬁioﬁdlbe

~all d b | ut e frequency
\ellal 8galt§ d(eﬁo?e I N éﬂ%@%igggh%ﬁ%ﬁ enclgzu%‘(éfg%?ﬁ OINurrber)

AR or FETTOR, ACFREAIRY| 1R the AREFRYAM SeT

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



When conparing the above-described nethod 100 with the conventional mnethod
according to GSM 05.02, it is apparent-that several different | ookup tables
| are accessed (step 120) to incorporate, in addition to the scranbling of

| the internmediate results, which is known per se, the identity of the nobile
i station. This neans that the frequency-hoppi ng sequence used by the nobile
- station is generated with the aid of a l;gokup table uniquely assigned to
~this nobile station. This | ookup table can be identified by evaluating the
subscri ber identification code IMSI or, for exanple, the device code | ME
(International Mbile Equipnment Identity) of the nobile station. The nethod
- described with reference to Fig. 1 is carried out in the radio

comuni cat i ontapdecfoshithle publisomobilderadibedysten esfierthas iv Fig. 2.
"9 Fig. 2 Show?ﬁZ%B§G§%hP§h5¥c%g§sah§§%i#;§FQLi r@gho ﬁﬂnnunlcatlon system

according to Irnventi on, A ocated 1Tn the nei ghborhood of a
conventional cogYNicAPenWishi bashspebiiecopdighgystemani Bhei on system CTS

i's a nobi | e radioponrel APide Rakyat Q?éééhocQQ”EHnia&@&hea 8ddsgpntai ns a
base station BS and several nohRile ﬁ ations NB& to 3. Each of the nobile
stations is a 56 91 85§6PE ALY 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.



1

Pookubgtabfe; in this exanple, the | ookup table RNTBL1 is assigned to
nmobi | e _station M1, the-lgokup table RNTBL2 to nobile station M52, and the
| ookup'tabl e RNTBL3 to nobi‘le station MS3. The base station BS contains al

| oftheﬂm ﬁ“MIE"ﬂmMookup tables RNTBLi, with i = {1, 2, 3}.
. ~Accor di “ #Minication can take place in a multiple access node,

| “with the*nohil'e _tafions,ahd the base station periodically changing their

.carrier frequenci‘es by frequency hopping. By the individually assigned,
.different |ookup tables it is ensured that the nobile stations do not
interfere with each other and that the nobile radio system CTS does not

interfere with nei ghboring nobile radio systems. Neighboring nobile radio

systenms may be conventional systenms, but also systems in accordance with

the invention. In the erbodinent of Fig. 2, the radi o conmunication system
CTS is in the vicinity of the public miailms radi o system GSM synbolized in
Fig. 2 by a base transceiver station BTS. In this conventional nobile radio
system GSM only a single. | ookup table RNTABLE is used. In addition to

‘contai-ning the | ookup table RNTBLE2 assigned to_it, at |east one of the

proposed nobi le & Hethed (BO0IupLageanrabingspyfeearapayrhePPéBdup .10
. ' sequence,cdgtaining data (MAI) on carrier frequencies

to be a1196¢£ed-for radio communication between radio

faciiiﬁiééf ﬁich change between the allocated carrier
freqhenciés at regular intervals, said method

comprising ‘the steps of:

- determining input data (N; MAIO, HSN, T1 to T3)
Which,spééify at least a number (N) of available
cérriéff%fequencies and a frequency-hopping scheme
(ﬁSNjﬁﬁélbe'ﬁsed (step 110); and

- ggneratiﬁg_the frequency-hopping sequence from the
input QQEasuSing an algorithm according to which
the datafiMAI) on the carrier frequency to be
'alloc&tédihre calculated for each time interval by
cdmbiniﬂéithe input data and by accessing a lookup
table c¢§taining a pseudorandom association of
input'ﬁaiﬁesjwith output values for scrambling
i@termeaiéte}results produced by the algorithm in a
pseudorandom fashion (steps 120 to 150),

chara’ fﬁge;r ized in that
sévEraiﬁéifférent lookup tables (RNTBLi) are
accessédk‘ '

- with the intercommunicating radio
facilities being assigned the same lookup table
(step 120).
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tabl é_for the public nobile radio system GSM Thus it is ensured that this
mobi | . stati on M82 can comuni cate with both nobile radio systens. The
propoiﬂﬂmue'u E ystem CTS i s advant ageously based on essentially the
‘sane "ﬂ uﬂ nventional nobile radio system GSM The nobil e
“stati'on-Ms2 .tar t Hus*be of a very sinple design, as only different software
- needs to be |nplenented “The enbodi ment 2descri bed rélates to a nobile
conmuni cati ons system: Fbmever the invention is not limted to such radio
communi cation systens. |.t-:can also be used in other radio conmunication
systens using nobile radlo facilities (for exanple- in a tactical radio

communi cati on systen) ‘The nobi | e communi cation system descri bed has j ust
~one base stat2orA meth@diad'mﬂpmlctilaamed uige alednol ,mnehbanseterdtzed ons,

with prefera r i h all base
stations. bjfﬁérée.??\)éltt gér%%ps o# étl |l e st f?ﬁé@{sﬁﬁ(%ﬁﬁ%r rregdet)y storing only
a subset of APRERACHT (WRQSE | iy YRl iaFe ARSHAREd BSadPsst at i ons.

Besi des the rnebtpiet Stdtor dtesic) ivieth mc&u@w mﬁo&rsws:ﬁaﬁwkurn table

for the publi blle ra“lo network. a_b atlon adapted for use
in both a prl@a{% 1F‘r%rb‘f'l ﬁmffaa‘n‘}?%p JHRE® é'radlo net wor k.

orthogonal to each other.

3. AémethqéL(iOO) as claimed in claim 1, characterized
in that tﬁ:;ﬁédlo facilities are at least one base
statlon (ES- and-at least two mobile stations (MS1 to
MSB)Q and 2t each of the mobile stations (MS1) is
assigned o f the lookup tables (RNTBL1l) whose
pseudorandom ‘association is dependent on a subscriber
identification code (IMSI) which identifies a
subséribér? “Jiis using the mobile station (MS1) (step
120).

4. A method ' claimed in claim 1, characterized in
that thejréaid;facilities.are at least one base
station én& at least two mobile stations, and that
each of the moblle stations is ass1gned one of the
lookup table whose pseudorandom association is
dependenﬂ_qn Ehe device code of the mobile station.

5. A methpd{(iQO)_as claimed in claim 3 or 4,
characterize in that the lookup tables: (RNTBLi) are
stored in: th radio facilities (BS; MSl to MS3), with
the lookup tabies of said at least two moblle stations

(MS1 to MSB 3be1ng stored in said at least one base
station (BS)

6. A methbd:(TbO) as claimed in claim S;'characterized
in that a flrst mobile communication system (CTS) is
formed from the'at least one base statlon (BS) and the




Clainms 1. net hod (100)y—ef..generating a frequency-hoppi ng sequence
containin? GM”ﬂuW' pacarrier frequencies to be allocated for radio
comuni ca Ii ilo facilities which change between the all ocated

carrier frequencied at ular intervals, said method conprising the steps

of: - determining input data (N, MAIO HSN, T1 to T3) which specify at

| east a nunmber (N) of available carrier frequencies and a frequency-hoppi ng
scheme (HSN) to be used (step 110); and - generating the frequency-hopping
sequence fromthe input data using an algorithm according to which the data
(MAI') on the carrier frequency to be allocated are cal cul ated for .each tine
interval by combining the input data and by accessing a | ookup table

cont ai ni ng a ke Stalhons oS iten M3 )i ,n@nd thiake S nwviath leastuoneal ues
for scranbling¢ | st I h ce I L I, a

pseudor andom %ﬁﬁ%\%‘?ﬁ g:ng t&é’%g&g, Ec’ %O%XIT té;%ca]_to%gu? ?:'szlg d

|
that several dif¥EBleht oAtk maEuIgERion Midthyddhes add leagt: pnehe
i nt er comMuNi casasy stk Korf GBS ) tARD RitHbA TR e S FRNTARAEYP t abl
(step 120). 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



2 2. A nethod (100) as clainmed in claiml, characterized in that the

+ differept uptabl €S (RNTBLi) are matrices .whose input. vectors are

! .aSS|gned ector each, with the output vectors of the

'dl ffer r‘mﬂﬁm&g‘ﬂa at | east approxinmately orthogonal to each other.
3 as ctainmed in claim1, characterized in that the radio
':faC|I|t|es are at ‘| edst one base stationg (BS) and at |east two nobile.
stations (M5 1 to M33), and that each the nobile stations (MS1l) is
assigned one of the | ookup tables (RNTBL1) whose pseudporandom

ﬂ;a5500|at|on I s dependent on a subscriber identification code (IMsl) which
““identifies a subscriber who is using the nobile station (MS1) (step 120).

= 4. A method (edad¢mai?pechanacterized thatbatcthecvadio tfacilikiesdi o

f{faC|I|t|es argrgt Ee§§Bg€”8nQaﬁﬁsét@Eé@ﬂoﬁ“?B@i '@gséttyghgpb%¢ stations,

r.and that each of ,th | e stations IS assi one of | ookup tabl es
~whose pseudor BAB3ARaSEBELAREOAMPY H@pﬁﬁﬂbnta%ﬁ ?h%td%%¢%é°€dﬂ@eof t he

"nobi l e statiomob3leAstatheds( l-ﬁﬁiéaéoﬁ{:aiﬂ?doh@ 6fatlli1é 3166kdp characterized

?*bgltPgtNng I%FFEQF ngﬁgkgﬁ tﬂb? are séore in the radéo facilities (BS;

. § BrPeudprRudon 3RFOc iR HBi 2 stati ons
:'(NBl to MS3) Bepepdentr od ansshsdriabetreddentihfidationtadden( IHS))

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



6. A method (100) as claiwed in claimb5, characterized in that a first
nobi | e conﬁhnr’atlon jiiga@%(CTS) is formed fromthe at | east one base

station (BS bile stations (MHl to MS3), and that in at
Ieast'one'i ‘ ions (Ms2), both the | ookup table (RNTBL2) for

.radio co ¢Caidn mnth the at |east one base station (BS) and anot her
- |'ookup t abl e (RNTABLE) for radio comunigation with at |east one base
station (BTS) of a second nobile comunication system (GSM are stored. 7.
A radi o conmuni cation system (CTS) conprising radio facilities (BS; Ml to
. MB53) . whi ch change between carrier frequencies at regular tinme intervals in
accordance with a frequency-hoppi ng sequence contalnlng data (MAI) on the
~carrier frequsamecklotdkupetablectRRTBLEN shstdredras iire seeah oder
calculating t e ence using an algorithmaccording to
whi ch the |nf§?hé%|g%&¥§mf€gffi€ge carrler frequency to be allocated is
cal cul ated for each tinme interval by conbining input data (N, MAIO HSN, T1

_to T3) speC|fy¢ngAa£ahfgsfa@1f e4 (éﬂafﬁe@Vfﬁ|é¢gth§Trler frequenci es
~and a frequenc% schene N%E used and by accessing a | ookup
aracg ¢ ot

j_#l-l

tabl e containf g8dahlof ?%H°o?a?+&&ﬁ 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)
contalns ‘both the lookup table (RNTBL2) for radio
commnnlcatlon with said base station (BS) and another
looknp table (RNTBLE) for radio communication with a
base:station (BTS) of a second mobile communication
system (GSM).



val ues with output values for scranbling internediate results produced by
the algorithmin a pseudorandomfashion, c har acteri zedi n that
the neans for cal culating the frequency-hoppi ng sequence access several
different | ookup tables (RNTBLi), and that those radio facilities (BS, M5l)
which are . in radio communi cation with one another have storage neans in

whi ch the sane | ookup table (RNTBL1l) is stored. 8. A radi o comrunication
system (CTS) as clained in - 4 claim7, characterized in that the radio
facilities are at |east one base station (BS) and at |east two nobile
stations (MS1 to MS3), and that each of the nobile stations (MS1) contains
one of the | ookup tables (RNTBL1) whose pseudorandom association is
“dependent on a subscriber identification code (IMSI) which identifies a
subscri ber who is using the nmobile station (M51). 9. Aradio facility (Ms2)
Wi thin a radi o conmuni cati on system (CTS) wherein said radio facility (Ms2)
and other radio facilities Abstreet, ofisthechimsgdosureequl ar intervals _
bet ween carrier fequencies allocated to themaccording to a

f requency- hoppi ng se%Pence . .
ethod of Generating a Frequency-Hopping

Sequence for Radio Communication, as well as
Radio Facility and Radio Communication System
Therefor

From the GSM system (Global System for Mobile
Communications) it is known to generate frequency-
hopping sequences using an algorithm which accesses a
lookup table (so-called RNTABLE) to scramble
intermediate results in a pseudorandom fashion.

The invention is based on recognition that the lookup °
table, which is known per se, can be used not only to
scramble interme@iate results but also to uniquely
associate radio facilities with one anbther,
particularly to associate mobile stations with a base
station. It is proposed to use several different look-
up tables (RNTBLi) which are uniquely assigned to the
radio facilities, with the intercommunicating radio
facilities being assigned the same lookup table. The
different lookup tables are preferably generated on .
the basis of subscriber identifications, whereby each
subscriber is assigned a respective one of the lookup
tables. The invention is particularly suited for the
construction of private radio communication systems.

(Fig. 1)



contai ning data (MAI) on the carrier frequencies to be allocated, said
‘radio facility (M52) and said other radio facilities (BS; M1, Ms3)
.conprising neans for calculating the frequency-hopping sequence using an
;algorlthn1accord|ng to, which the data (MAI) on the carrier frequency to be
‘altocated is calculated for each time interval by combining input data (N

frequenctes and-a :freguency- hoppi ng sc

NVAKO, HSN, T1 to0. T3) .speci fying at |eas nunber (N) of available carrier
ﬁgﬁé (HSN) “t'‘eibe used and by

~accessing a Iookup tabl.e which defines a pseudorandon1aSSOC|at|on of i nput
~val-ues with output values for scranbling internediate results produced by
.t he algorlthnlln a-pseudorandom fashion, c har acter i zedi n that
“the means -for cal gul ating the frequency-hopping sequence access sever al
dlfferent 'l ookup tiables (RNTBLi), and that the radio facility (Ms2) which

i sin radio cddfun
a storage mea

ti;on with one (BS) of the other radio facilities have
h the 5 sane | ookup table (RNTBL1l) is stored as

in: sald_one'otdi'

*;”_:7’fnn.||fv (BS) 10 A radio facility as clainmed in

the HSNo Ifacu FNOT i Tzarypqu | N

1

RNTBL; = [IMSI ]

M = M; mod 2ANBIN

T '- -_ T3 mod 2"NBIN

Y = T2+ RNTBL; [HSN* (T1 mod 64) +T3]

"Y"

148

!

MAIJ; = (MAIO + S;) mod N

Fig.1
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_statlon (M52) which is in radio communication with said other radio
‘facility, which is a base. station (BS) of a first nobile comunication

’ -‘ . and that the storage means of the nobile station (MS2)

bot h t he Iookup ‘tiabl e (RNTBL2) for radio comunication with said
d:anot:her | ookup table (RNTBLE) for radi o comruni cation
f a second ?)/bzl e communi cati on system (GSM .

Wi t_-h a’ base stati on.
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