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(57) Abstract

Known are direct-sequence spread spectrum systems (1) such as CDMA mobile radio systems applying short pseudo-noise sequences
for encoding and decoding of data. A DS-SS communication system is provided in which less pseudo-noise sequences are used while at
the same time providing efficient locking at the receiver side. To this end, a majority of the channels (BCH, PCH, AGCH, TCH, ACCH)
in a cell (Z1, Z2) of a mobile radio system (1) share one long pseudo-noise sequence (PNL). At reception side, in a mobile radio station
(MS1, MS2) or the like, efficient calculation of current sequence phases for current received channels is achieved by applying vector-matrix
calculations to a received sequence state (xi) and received sequence offset (ofset) that are transmitted by a base station (BSl BS2). The
vector-matrix calculations apply precalculated and stored sequence offset transformation matrices (A). _
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5 communication system can be a mobile radio system in which the primary radio system is a
radio base station, and the secondary stations are mobile radio stations, and also a cordless
telephone system, a cordless LAN (Local Area Network), or the like.

The present invention further relates to a primary radio station and to a
- secondary radio station for use in such a communication system.
10

Spread spectrum systems are well-known since long and have been
described in numerous articles and handbooks, such as in a basic article describing a system
implementing a direct-sequence spread Spectrum system, "A Communication Technique for

15 Multipath Channels", R. Price et al., Proc. of the IRE Vol. 46, March 1958, pp. 555-570, a
tutorial article *Theory of Spread-Spectrum Communications - A Tutorial®, R. L. Pickholtz
et al, IEEE Tr. on Comm., Vol. COM-30, No. 5, May 1982, pp. 855-884, and a handbook
"Digital Communications”, J. Proakis, McGraw-Hill, 1989, Chapters 7 and 8. In Chapter 7,
pp. 702-799 of said handbook digital signalling over fading multipath channels is described

20 - as is the case in a mobile radio system, and in Chapter 8 spread-spectrum receivers,

_especially pp. 802-804, describing direct-sequence spread spectrum, pp. 831-836 describing
PN (?seudo-Noise) sequences for DS SS, pp. 862-864. The pseudo-noise sequence is
generated using a linear feedback shift register. The maximum length of the pseudo-noise
sequence is n = 2™ - 1 bits, m being the number of shift register stages, and n being the

25 period of the sequence. In a direct-sequence spread spectrum mobile radio system data to be
transmitted are encoded using such pseudo-noise seq‘uences. At reception side the data are
decoded using correlation techniques. In known direct-sequence spread spectrum mobile
radio systems for each channel, either a control channel or a traffic channel, a different short
pseudo-noise sequence is used, the sequences preferably being orthogonal with respect to

THIS SHEET HAS BEEN
REPLACED




(PhertKasBoen g s short when M>n. Achipis-atine
dur at i o'W@P6/3618ect an rrespondi ng to the reci ROTaBH6/AMII he
avai | abl e bandw dt h. _ Isystenf the so-called chip rate is a

multiple of the information rate of data*to 10 be transmtted. Wen.

appl yin uch short pseudo-nogi se sequences at receptiqgn side there will be
P obfash atheradn stieh & 5ysiaam, She G o0 Do fansmiting i TeRAI31e SHEAR T Histance

M A pseudo- noi se Sliiaﬁ

differe ; SarfdCthE de@%&&r ' i :
nobi | e %tae I O sys?gemngi\;eﬁht?% %ny sﬁ%%g;@bﬂe)'rs pefe O?e suc geéye%@gtr’lﬂ%'f’ad#’any

di f f er estatigrs usidg -ancoreaiator yithneoreelationcwindowsofnlengthSML tA pseudo-noisecsequericet he

Commani WSRO 1 SRk yten M 8 S0P 4 e AR, of 8 SecHARBIAT P coesmepsing o

are 50 Rﬁﬂﬁ%@ig?déﬂor\hie' &vaflhble Yandwidin.! InPradiQY isﬂit&ﬁs'ﬂﬂ: &Ll hip €K 9
mechani sm on 2 t he pseudo-noi se- sequences of channels at reception side.

To t hi smultiple pf the informatioqratecef data ¢ be sransmitiedy Whem applying suchsshortepseudo-

of the. B Sedficd A Echol A 88, Wit 66 B 3 B herloe 8 sl OF R o,

ps eudo- haid; Fof esthcchafnelde differémt Pséitosfioise Sjuenvechdsi t6 D/ geneRR Tl paktidular in
regi ster, the channels being distinguishable within 25 the at |east one

| ong pseehile meie systems syith- magy, Subse: per cell | syelk gererationyof many differsatinel
usi QP %&n&ﬁ@%&ﬁéﬁ%?fsm a phase of the current channel within
on

t he pseudo- nol'se sequence at receiver side is derived fromstate .
I nformati on about the |inear :

It is an object of the present invention to provide a direct-sequence spread
spectrum communication system of the above kind in which less pseudo-noise sequences are

15 to be generated while at the same time providing an efficient locking mechanism on the
pseudo-noise sequences of channels at reception side.

' To this end the direct-sequence spread spectrum communication system -
- according to the present invention is characterized in that at least in a cell at least a majority
of the channels share at least one long pseudo-noise sequence, generated by at least one

20 linear feedback shift register, the channels being distinguishable within the at least one long
pseudo-noisé sequence, and in ‘that for locking on a current channel using a long pseudo-
noise sequence, a phase of the current channel within the long pseudo-noise sequence at
receiver side is derived from state information about the linear feedback shift regisﬁer .
transmitted via a control channel. The present invention is based upon the insight that despite

25 the fact that it is practically impossible to carry out a direct search for the current channel
because of the fact that the single sequence is.extremel'y long, tile current channel can be
recovered from the state information transmitted via a control channel e.g. by using a short
pseu&o-noise sequence, i.e. despite of the fact that the received phase information is in fact
decoded too late, the proper phase of the current channel can still be determined. -

30 In an embodiment of system according to the present invention, the state
information is a previous state of the linear feedback shift register, and the state of the linear
feedback shift register for the current channel is determined by transforming the previous
state to the current state using a stored transformation matn'k._ Herewith, for a given channel
only the previous state of the shift register has to be known, whereas the currént channel can
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wher eas t he‘egmer,emd theoffset of the current channel is determined from the received offset and a
plurality of stored transformation matrices. Herewith variable offsets can be computed. With
a suitably chosen set of stored matrices any offset can be calculated still with a reasonable
computational effort and with a reasonable storage capacity. The extra degree of freedom of

10  having available a piurality of stored matrices can also be used for the computation of inter-
frame and intra-frame offsets in case of a more complex channel structure. Also, with large
cells in which the propagation delay might become a significant parameter, the possibility of
'efﬁciently computing the offset for the current channel is advantageously applied.

Further embodlments are claimed in the dependent claims. Instead of the

15 calculatlon of the phase of the current channel from a received previous state, the primary -

 station can calculate a future state on the basis of the same principle. Then, the secondary
station can simply adjtiSt its local linear feedback shift register to the received future state.
Also mixed calculations can be done, the primary station calculating an intermediate state,
and the secondary state applying a phase shift to the received intermediate state. Then,

20 relatively fast and relatively slow secondary stations can be supported, the fast secondary
stations applying the intermediate state directly, and the slow secondary stations applying a
further state shift to the received intermediate state. Also, the state locking can be used for

~ coarse locking, while a further fine locking can be applied on the coarse locking by applying
correlation thereto with the received chips. The latter approach can be taken so as to

25 compensate for propagation delays or to resolve multipath transmission effects such as occur

~in inebile radio systems. |

The present invention will now be described, by way of example, with
30 reference to the accompanying drawings, wherein
.. Fig. 1 schematicaily shows a CDMA mobile radio system according to the
present invention,
Fig. 2 shows a block diagram of a radio base station,
Fig. 3 shows channel mapping in a radio base station,
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cal cul ation of the phase of the current channel froma received previous
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same principle. Then, the secondary station can sinply adjust its |ocal ,
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stations BS1 and BS2 covering respective radio zones or cells Z1 and Z2. Each radio zone
services a number of mobile radio stations MS1, MS2 ._ahd-MS3, and MS4, MSS, and MS6,
15 respectively. The radio base stations BS1 and BS2 are coupled to a mobile sthchmgcentre
MSC via landlines 11 and 12. The mobile switching centre MSC is co_upled to the public
telephone switching network PSTN. The radio base stations BS1 and BS2 are arranged for
transmitting spread spectrum encoded signals to the mobile radio stations, i.e. for
transmitting downlink spread spectrum signals, and are arranged for processing sprdad
20 spectrum encoded signals transmitted by the mobiles;_ i.e for processing _uplihk spread
spectrum signals. Also the mobiles are arranged to process spread spectrum signals from the
base stations, i.e. for processing downlink spmd spectrum signals, and are arrah_ged for
transmitting uplink spread spectmm signals. A CDMA mobiie radio system is a multiple
access system operating according to spread sp'ectr:um' tgchpiqﬁes, i.e. after coding and/or
25 interleaving of datastreams, as the case may be, these datastreams are frequency spread
before transmission. At a reception side a received signal is dé¥spr@d, and de-interleaved
and/or decoded, as the case may be. The datastreams may originate from a single user such
as a mobile radio user, or may be combined datastreams originating from several users.
| - Fig. 2 shows a block diagram of the radio base station BS1 for use in the
30 communication system 1 according to the present invention. Shown are the main parts of a
single digital traffic channel TCH. In the sequel other channels will be shown. The radio
base station BS1 comprises a voice coder 20 supplying bits b having a symbol period T to a
spreader 22 to which also a long hseudo-noise sequence PNL _is fed. The spread bits are fed
to a BPSK (Binary Phase Shift Keying) modulator 21 modulating the spread bits with a
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shows chan rfﬁdbm mlﬁg'egmea 25amhichoiscontrobied by a digital\Sighal progsssor 26. Lmar
PCT/1 89_6/ Ot}ee]d% Ak thxﬂ regls &I itself are Q! |§ - aéjv'vﬁ) i eta'rtor}.’ g. from the handbook "Logic
Design Principles”, E.J. McCluskey, Prentice/Hall Int. Inc., 1986, pp. 457-461 showing
" maximum length linear feedback shift registers for generatiné pseudo-noise sequences and

10 corresponding generator polynomials. A pseudo-noise sequence is considered long if its
length exceeds the length of the correlator that is applied to match the sequence with a
replica of the sequence at receiver side. In the given example the long pseudo-noise sequence
is given a length of 2#-1, and the correlator is given a length of 2°, In this respect it is to be

' realized that it takes about a month before the long pseudo-noise sequence assumes the same

15 state as its initial state, i.e. the register typically is repetitive with a cycle of one month. For
i'ecei'\iing spread spectrum modulated signals from mobile radio stations, the radio base
station BS1 comprises a receiver front-end 27 that is coupled to a reception antenna 28 and a
de-spreader 29 to which appropriate pseudo-noise sequences are fed. Typicaily the radio base
station BS1 comprises a plurality of such reception branches.:

20 Fig. 3 shows channel mapping in the radio base station BS1. The radio
base station BS1 supports variou§ logic channels necessary for call setup, call control, and
call traffic. A pilot channel PiCH is provided for transmitting an unmodulated short pseudo-
noise sequence PNS1 generated by means of a PN-generator 30, and further a
synchronisation channel SCH of which the data are spread by means of a PN-generator

25 PNS2. A broadcast channel BCH is spread with the long pseudo-noise sequence PNL
genefated by means of the generator 32 representing an appropriate state of the long

- sequence PNL. Similarly, paging or access grant channels PCH/AGCH, and traffic or
associated control channels TCH/ACCH are spread by means of the respective generators 33
‘and 34, representing appropriate states of the long sequence PNL. Instead of one long

30 'pseudo-noise sequence more long pseudo-noise sequences may be applied (not shbwn in

detail). Then, the allocation of channels can be distributed over the long pseudo-noise

~ sequences. The shown logic channels are mapped onto physical channels or frames and are
transmitted through the transmitting antenna 24 to the mobile radio stations by means of a
combiner/modulator/transmitter 35 in the so-called downlink channel. Further shown are PN-
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A CDNAannR fﬁclen y Eh ievanel prﬂﬂset of {he long pseudo-noise sequence PNL used by the

current channels. The mobxl_e radio station MS1 further comprises a demodulator 49, which
is coupled to the digital signal processor 48. In the shonfseguence branch, the mobile radio

g

15 station comprises a similar demodulator 52 which is coupled to the digital signal processor
48. According to the present invention, the digital signal processor 48 is programmed to
provide the proper phase for the local long pseudo-noise sequence PNL from state
information about the linear feedback shift register 25 in the radio base station BS1 so that
the current received channel is properly locked. As an example a current channel to be

20 locked is the broadcast channel BCH carrying information about current access grant
channels AGCH. On the uplink the mobiles can request access to the system via a random
access channel RACH so as to initiate an outgoing call from the mobile. If the radio base
station BS1 grants such a request it broadcasts an appropriate access grant channel in the
broadcast channel BCH on the downlink. Before a mobile radio station issues such a request

25 in an acquisition and sync phase it locks to an appropriate base station. To this end, in idle
mode, it first locks on the unmodulated pilot channel PiCH which applies repetitive
transmission and which provides a coherent carrier reference for all mobiles to use in their
demc;dulation process. Different base stations apply different short PN-sequences for
encoding their pilot channel(s) so that the mobile can distinguish the base stations to lock to.

30 Then, the mobile radio station MS1 can find state information about a broadcast channel’s
phase BCH-o0 on the modulated sync channel SCH which is aligned with its base station’s

- pilot channel PiCH. The received phase information BCH-o in the form of the state of the
shift register at the side of the base station BS1 in fact does not reflect the current phase of
the broadcast channel BCH, because the mobile radio station.MS1 needs time to receive and
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For pragticamlbe ﬁéfeﬂrlﬁ the moblle for a glven or a priori known phase correction. Preferably, the
matrix multiplications for achieving A? are carried out off-line and the result is stored in a
ROM (not shown) ir_l the mobile MS1. The vector x; represents the actual code phase of the
long PN-sequence in the base station BS1, the vector components corresponding to the
contents of the shift register. A single step of the shift register corresponds to a
15 transformation x;,; = A * x;, the matrix A being determined by the type of shift register and
the generator polynomxal
~ For the following type of linear feedback shift register, the matrix A has the following
'app&tance:
0000 ...0000¢,
20 1000 ...000c,
A = 0100...000 ¢,

0000 ...001c¢g
Herein, the coefficients c,, c,, ..., ¢, represent the generator polynomial, n is the length of

25 the shift reglster, and the ones represent shift stages.
For another type of linear feedback shift register, the matrix A has the following appearance:

) C3 C3 C eos Cu3 Cp2 Cou Cs
1 00 0...0 0 0 O
. A = 010 0...0 0 O O
30 ) . | |
0 00 0...0 0 1 O
For a given number of shift steps the relevant matrices are preferably computed off-line and

are stored in the mobile station MS1 accordingly. Because of the fact that all vectors and
offset matrices are Boolean, the multiplications reduce to n logical AND operations of n
35 digits succeeded by n determinations whether the number of ones in the result of the AND-
| operation is odd or even. Herewith, the computation is very simple and is fast. In the given



5 the I ong pseudo-noi se sequence PNL is generated by neans of a dedicated
har dwar VOP&I87 f eedback shift regi ster 25, which i s cont PEIIB/913
digital signal processor 26. Linear feedpack shift registers initself are
well-knovvn in the art, e.g. fromthe handbook "Logi c Design Principles”

I engt h %aﬁioﬁmeeg&g%@ g‘#ﬁ{\%&t ss @?“f‘%%ﬂg’gﬁg ra 1?2%‘{18?3%}52 qu’ Qﬁlemwum

sequencgﬁﬁgr&hé;oadap&armsmdmmﬂwmmgﬁom al s. A pseudo-noi se
sequence i s considered Ion E th exceeds the Iength of the

correl-ator that is afpg -|53(§ °§B’(‘.]G imgnt Qf the, present inyantion o

ceauencEnl chREGINEL vatikle P*‘?sézf*ﬁ'&}' R A
| engsh ke forr the shiftirdgister atcthe side oftthe baseostitmxr BS8\1, izexd tih Rig.i § is gulvew aabout

a nonth_before the Ion pse 0- noi se nce assunes the.s st at
i]'Es i ni fixed V%!P%rt%‘d ﬁh.e tﬂéﬁ?@?b@@% e ind P%‘mr’éﬁ@ﬂsﬁ%gm\ﬁ'ﬁ Hhe, cycFeas
of one El‘ﬂ{nﬂ f&e&fah u loffiels Heenpbi |
radio s I ons éﬁgggm Bgs?ghgtﬁgt on leiépcgoérr}gr*lrgéelgqgér ecel 38{;5% ont - Ieng
27 t hat framesdlffdrd:y 10230 clnpsa;ﬂevmal matrices AP &'eaaomlnmﬂamsma&aandzaomd b ich

appropria e pseudo- n0|s s are_f the radlo a
st at i on=Bb12comph iR 2%eq &'yg ot?i“sacﬁg'r%’fi%?ﬁ 39 llated by
Fi 9103 ﬁmfssomﬁaff%emipua& drid dr8&tdred P a ROM eioatshmﬁﬂmeﬁigm gigh@l base

statlon BS1 supports various |ogic channels necessary for call setup, call
cont r ol progessor: 48] In: peder it be ablei torompwimary offsetbi = E)f The degree of freedom is

L2 o WUALSP e A X e NBF P HAPEBRABh gL o0, O
whi ch t snplitational effoR!adcthe mom\mqofremﬁwaemrmmm
In block 60, the offset computation starts. In block 61, the shift register’s state x; and the
15  required offset ofset are inputted. In block 62, the variable j is assigned the value n, a state
vector x is assigned the state x;, and a working variable ofs is assigned the inputted offset
“ofset. In block 63 it is tested whether the offset ofsis zero. If so, in block 64 the required
offset VeCtor X;, ..« is assigned the state vector x, and the computation stops in block 65.
Otherwise, in block 66 it is tested whether the offset is within offset boundaries of the
20 precomputed matrices. A_ccordinglto_ whether the algorithm is to the left or to the right side
of an offset boundary an appmpﬁate shift step to the state véctor X or a move to a next
precalculated matrix is made. Thus, in block 67 a shift step is applied to the state vector x
using the ﬁreco’mputed matrix A% and the offset ofs is set to (ofs - b). In block 68, a move is
made to the previous precalculated matrix by setting the variable j to j-1. For illustrating the
25 above calculation, and offset value equal to 25 is assumed, and a shift register of length
equal to 6. And further, the matrices A', A?, A%, A%, A%, and A® are stored. Then,
ofset_¥25 (binary '011001°’= 16+8+1), and n=6. Via the blocks 63, 66, 68, 63, 66, in the
block 67 a transformation using the matrix A'® is carried out, then via the blocks 63, 66, 68,
63, 66, in the block 67 a transformation using the matrix A® is carried out, and at last, via
30 the blocks 63, 66, 68, 63, 66, 68, 63, 66, 68, _63, 66, in the block 67 a transformation using
the matrix A’ is carried out. After this last transformation; in the block 63 it is established
that the working variable is zero, and in the block 64, ihé_offset state Xisoisee 1S ODtained. In.
one example, matrices A’i, A to the power 2, are precomputed, forj = 0, 1, 2, 3', veey 40.



25 PNS2. A broadcast channel BCH is spread with-the | ong pseudo-noi se
sequence PNKOgenewsat ed by neans of the generator 32 represenPCMBWII0413
appropriate state of the | ong sequence PNL, Simlarly, paging or access
grant channels PCH AGCH, and traffic or asgoci ated control channels

{pr esont | 15 ERRBRYRER Fegnims torape ohET Rl oRES Rk vacob Ruliplicaions on

long 30 RAEYIEaEE ferears sl Bﬁ%ﬁﬁft pepidter, Qememﬂgrmmanmw Bi6ck 66
applied (not shown in detail ). Then, the allocation -of channels can be

di st ri but ¢hemtherconparisom is gmwehucnompamque’ﬂueél ‘mptraces lapeoalculgted wilhhnnel s

r anan Lt e AmERRERongl B8R, & o hatd AR JaRReAR ALS AL s 454 Inb 'S5
conbi nes / rowd Th ahethet éﬁmﬂbt ifriced A, tA1 6o the- power dekdij ave piediicelatdnald. stored, j
Furt her shown are PN- WO 96/ 36137

PCT/ | B96/ (843l s@srbdui> 200 Ks=3b, 2,3% Thig cheige, requiring adﬁﬁ@nplamr@es i bestomdag

O oussl o AT, S e B WAl RABGRET icnBigee ?WW{%@EZ@ in

t he commuroffsat amulﬂybdaﬂnn fs nddessamybinl stilk amither example, mBtricesrdt,i Ado the power 4,

o e 7 ad 8 Gt s e AL ol ol Sl PRl o LS,

10 while on the average 30.5 matrix-vector calculations will have to carried out. So, the present

invention provides an efficient way of determiqing code phases from a given code phase
when the number of chips in between or the offset is known. '
Fig. 6 shows evolving of channels along the long pseudo-noise sequence.
The shown channels C;, C,;, and C; can evolve with respect to a fixed reference point O in
15 the long pseudo-noise sequence PNL or can evolve with respect to a reference channel C,
which itself also evolves along the long pseudo-noise sequence PNL. I.e. the offsets can
either be time variant or time invariant. When locking to a channel either such a time variant
or time invariant offset can be taken into account. To this end, the primary station BS1 can
typically transmit the contents of its linear feedback shift register, the offset with respect to
20 the fixed reference point O, or the-offset with respect to the reference channel C,. In an
| - initial phase, when no locking to the channel has occurred yet, only transmission of the
contents of the linear feedback shift register or the offset with respect to the fixed reference
point O are applicable for locking. In the case of transmitting the contents of the shift
register and the offset with respect to the fixed reference point O, the sync channel SCH can
25 contain a reference to the broadcast channel BCH which then is the first channel in the long
pseudo-noise sequence. In the case of an offset with respect to the reference channel, the
broadcast channel BCH can be a reference channel for other channels such as the traffic
channels TCH. | |
Fig. 7 shows a first linear feedback shift register SHR1 corresponding to
30 the first described matrix A. The register SHR1 comprises a series arrangement of flipflops
and exclusive-OR gates flipflop 70, XOR-gate 71, flipflop 72, XOR-gate 73, flipflop 74,
XOR-gate 75, and flipflop 76, the latter providing an output of the register SHR1. The
flipflops 70, 72, 74, and 76 are clocked by a common clock cl. Other inputs of the XORs
71, 73, and 75 and coupled to respective outputs of AND-gates 77, 78, and 79 which at



channel s nodul ated with a | ong pseudo-noi se sequence consisting of a
pseudo- w0 9&3638ner at or for | ong sequences 44 and a PN denpduimsdsmosdd, and a
de-spreader for channels nodulated with short pseudo-noi se sequence

consi sting of a pseudo n0| se gener at or *(gr short sequences 46 and a

PN- denpdul at 47, T es of e pseudq-noi.se rators 44 and 46 10
are coH'EP‘EISF \FOup °§tpﬂhﬁé Eﬁrf@eﬁgg §|5 ‘ﬂ'ﬁ"h ﬁgg\é&’ﬂr F@“R led than ppuseht
i nvent i¢ Iﬁ:ﬁ,rpt f t S
contr oI egl o) a‘??%a%{r éﬁtgl tql;'agndcslleﬁe.# ?‘hg{{?g Iy r I gg%ﬁyg’bzgsﬁof

the | omgd;ﬂﬁembmmemwmmd cuefficients chyc,i he, c;,u;a@c arlsm.e'll'he caefficientsi | e-
radio station Ms1 fgrther coppri,ses a d&gﬁﬂul ator. 49, which is. coupled to

the di §tSr st Gt Co A% pitablyschosen, pre Y@?édﬁé?ﬂf@semérﬂﬂm iti¥Ee mpbi | e

radig Jp'éﬁfoﬁﬁkl% d3BRbdPSMSsafd MdClhskey draRasbdiat or - 52, which is coupled to the
digital" signal processor 48. Accordi ng to the present invention, the

di gi t al SI gnal pr oceEigor8 showsa sacond linearfeedbagk shiftiregister SHRBR sormespondingor

| mear 4 it Ao TRHAef i 26 R s s BRA Robpils AR RHliedfPR) ;T

cur r entfl ﬁqﬁ 90;D15/92nand 935 Apimr side, tincHipflopd90291 2923 apdedPare oispled to

channel, to be 20 | ocked is. the broadcast channel :BCH carryin |nforrrat|on

about dnputs af respective @N%satehaﬁn%ﬁ 96 @nd) 970 qther inputs af wmeh

?#Fate an o%t ﬁ‘i?j%?@ %Iao ma%%gﬁ?eﬁ Bﬁglg@kbggm |on§%81

gr ant s 95,186, and Qqlaest:oupled)ta)ademluavammmemrofavmchme!mpl.grtmms coupledht i n
| oeues 3R of i daenoncds R e Siie of s e SRR hase | ¢ I ocks to an
appropriate base stafhepresét 1h¢?érﬁloﬁ"&n thiis bé'applied for various applications
whenever there is a need to lock to a new channel. E.g. for ldi;ldng.m the broadcast channel
15 BCH or a traffic channel TCH, as described, but also for a handover to a new base station
where the new base station has to lock on the present mobilé’s channels, or for macro
diversity where a mobile station has a radio link to more than one radio base station and the
useful dat'a_should be available at all base stations so that the best quality link can be chosen
or a combination of data received via the various links can be taken. In the given example
20 one long pseudo-noike seqhence was applied. E.g. where tréfﬁc channels and associated
control channels ACCH are mapped on separate physxca.l channels, two distinct long pseudo-
noise sequences can be applied.
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node, it first | ocks on the unnodul ated pilot channel Pi CH which applies
repetitive WO&636t3%si on and which provides a coherent carri ePCTaBISN418e f Or
all nobiles to use in their denodulation pyocess. Different base stations
apply different short PN sequences for enctding their pilot channel (s) so
that the gblle can_distinguish-the-base stations to lock to. 30 Then, the
nobile ra ti on I\/Bl can f|n sta e informati on-about a broadcast
channel ' s phase BCH-d'h Y ' d sync channel SCH which is aligned
with its base station" Pi CH. The recei ved phase information
BCH o in the form of t e shift register at the side of the

. base station BS1 in fact does not reflect the current phase of the

br oadcast channel BCH, because the nobile radio station M5l needs. tinme to
recei ve and WD 96/ 36137

PCT/ 1 B96/ 00413 7 denodul ate the phase BCH o, typi cal ly a tine period of 2
frames, i.b. 20 nsec or Aodist-sequepee spreach wtmmmmmmow@mmpmmgab

by “appl yi 8 o Prinief rfb NBlAeRARAR Blhre of Yoy Yaflproutas, o prflily 1add

correct i onstitionf dndettie tadio StatiotR\Vbeing @rarped for commuhitalbifSithGatk eaferon
5 corresponds to a shift the recel ved phase BCH o over 20460 chi

this exanp¥iacoptrl Qlﬁvﬁﬂ@) apnels: chasacterized in;that-at least in a cell at 1%!3‘
5 majority of the channels share at lmt one long pseudo-noise sequence, generated by at least

one linear feedback shift register, the channels being distinguishable within the at least one
long pseudo-noise sequence, and in that for -locking on a current channel using a long
pseudo-noise sequence, a phase of the current channel within the long pseudo-noise sequence
at receiver side is derived from state information about the linear feedback shift register -

10 transmitted via a control channel.

2. . A direct-sequence spread spectrum communication system according to
claim 1, wherein the state information is a previous state of the linear feedback shift register,
and the state of the linear feedback: shift register for the current channel is determined by
transforming the previous state to the current state using a stored transformation matrix.

15 3. . _ A direct-sequence spread spectrum communication system according to
claim 1, wherein the primary mﬁm determines a future state for a given channel with a
predetermined offset from a state of the linear feedback shift register for the channel by
transforming the state to the future state using the stored transformation matrix, the future
state being transmitted as the state information.

20 4. A direct-sequence spread spectrum commiunication system according to
claim 1, wherein the primary station determines an intermediate state for a given channel

- with _5 predetermined offset from a state of the linear feedback shift register for the channel
by transforming the state to the intem;ediate state using the stored transformation matrix, the
intermediate state being transmitted to the secondary station, and at the side of the secondary

' 25 station the state of the linear feedback shift register for the current channel is determined by
using the intermediate state diréctly and/or by transforming the intermediate state using the

- -stored transformation matrix.

5. A direct-sequence spread spectrum communication system according to
claim 1, wherein the state information is an offset with respect to a fixed reference state of
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[err] which transformation achieves a shift over two franmes of the received
phase BOwWP®6/3¢#37ein, the matrix Alerr] is i.ndependent of tPoI/IBeC#03L3 X, . €.
it is state independent so that it 10 cw be stored in the nobile for a
given or a priori known phase correctio Preferably, the matri x

rrultlpllcatlo I evi A are carled out. o IlrJ and t _
resul t theslingag, @?J gh’%d%(ﬁ‘%t %ﬁ&éﬂ‘?qtﬂ‘q REt fm \FSE’FGF °E[u@§r]
repres t i Yeteriifed fredefed! o1t e base
statlogﬂggtlttmﬂgave?for corrpoﬁ@ﬁtthgrcorrespondlgﬁ%at oﬁﬂﬁgec{)ﬁ?fe%ts of the
shi ft tragsformatiolmatniegse step of the shift register corresponds to a 15

transformation x[err * xlerr trix A bein rm ned. by the
type o% shift regi stédgﬁ?ﬂ'w ﬂkﬁé WHPI“‘ s#é“ r%ﬁ type
of I n%@ﬁmfﬁedﬁae{ﬁ &éu&éhﬁgah&a@mnme:hﬁﬁaw aRoBRE 16618ng, Cndoying lockmg is

appearance: [err] Herein, the coefficients clerr], c[err : clerr]
r epr es achievedeby, dmdmg acorrelajordnithe seqondaryt sttianewith fa eomtengs ofthedinear

FcadbastedoAry pifcsBRfaE corBhgoitle s eV e chffent FHTPE i Pliraing 867

30 For 1@@%“@@%@&@%&%@; eps the relevant matrices are preferably
conput 97d of f-1ine and

A primary radio station for use in a dlrect-sequence spread spectrum
10 communication system, which primary station comprises means for communicating with a
plurality of secondary radio stations via control channels and traffic channels, characterized
in that for at least a majority of the channels the primary station shares at least one long
pseudo-noise seqﬁence, generated by at least one linear feedback shift register, the channels
being distinguishable within the at least one pseudo-noise sequence, and in that the primary
15 station is arranged for transmitting state information about the linear feedback shift regxster
to the secondéry stations via a control channel, the primary station using a short pseudo-noise
sequence for encoding the state information so that the sécondary station mn decode received
data in a current channel using the long pseudo-noise sequence.
8. _ A secondary radio station for use in a direct-sequence spread spectrum
20 = system, which secondary radio station compnses means for communicating with a primary
" radio station via control channels and traffic channels, characterized in that the secondary
radio station is arranged for receiving from the primary station at least a majority of the
channels using at least one long pseudo-noise sequence generated by at least one linear
feedback shift register, the channels being distinguishable within the at least one pseudo-noise
25 -sec';uencé, and in that the secondary radio station is arranged for locking on a current channel
using the long pseudo-noise sequence by deriving a phase of the current channel from state
inforq{ation about the linear feedback shift register received from the primary station via a

control channel.
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are stored in the nobile station M5 1 accordingly. Because of the fact that
all vect or waseiseas® set natrices are Bool ean, the multipli cathcrmBéemdize to
n. 1 ogi cal AND operations of n 35 digits succeeded by n determ nations

whet her the nunber of ones in the result of the AND- operation is odd or
even. Herewith, the conmputation is very sinple and is fast. In the given
WD 96/ 36137

PCT/ 1 B96/ 00413 8 exanple the adapted matrix Alerr] is stored in the nobile
radio station MSl. For other fixed shiiis, ot her adapfjed matrices are
stored correspondingly. Fig. 5 shows a*tl ow chart ;;/ n enbodi ment of the

present invention when ‘conputing a vari abl e Yhase rrection.
enbodi ment, a fixed reference point is 5 n fo the shift rfgister at
t he side of the base station \n Fig. 5is giyen a fixed
val ue, and the offset with rgs [ g transm-tted,

e.g. the broadcast channel t he
of fsets for adjacen ; . trices Alerr]
are conputed in advance and i scendi ng order
(e.g. b[err] > b). Preferabl [ | ated by\10 neans of
an off-line conput and are i sh ) of thy digital

si gnal processor I“In order t et = 1.

The degree of fre

MS6

-MSC
BS1 o 2%
20, 22 2) 2
b.T c.Tc
29 27
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the number of preconputed matrices Alerr]. A tradeoff has to be nade

bet ween t hewoospetsat i onal effort and the storage requirenent BCT/AB60pH3
ratrices. In block 60, the offset conputation starts. In block 61, the
shift register's state x[err] and the 15 required offset ofset are
inputted. In block 62, the variable j is.agsigned the value n, a state
vector x is assigned the state x[err], aﬁﬁi& wor king variable ofs is
assigned the i n®Mfged of fset ofset. In block 63 it is tested whether the
of fset ofs is zfro. 1T SO, 1 0C
assigned the sthte Fﬂgfor X, and the conp
O herwi se, in bjock T S

i thin of fset
boundaries of the 20 preconput ) et her the
algorithmis tojthe left or 8 i an of {set Jboundary an
appropriate shift step to the next
precal cul at ed nhtriSCHys made. pis applied to

the state vectof X t he of \fget of s
is set to (ofs b[uiflh?)_ i

e pr us
precal cul ated nptrix by sett® illustrpting the
25 above calcukaligun and of f 4

med, anfd a shift
regi ster of |enpth egda oG err],
Alerr], Alerr],JAlerr], and 25 (binary
'011001' = 16+8HL), and n=6. 66, in the block
67 a transfor ion usin is cprriedjout ] then via the
bl ocks 63, 66, P8, ﬁéh
matrix Alerr] i carried out,
63, 66, 68, 63,] 66, 68, 63, $p
matrix Alerr] ijg carried out.

63 it is establishq@H/Accﬂ

, 68,163,

‘33 trapsfornptiof using the

Dt he} bl ogks 63, 66, 68,

h tranpforfgation using the
ansf or jrati ¢n, in the bl ock
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that the wor king variable is zero, and in-the block 64, the offset state
x[err] is apbesmadr | n one exanple, matrices Alerr], A to thpcpmyenodperr],
.are preconputed, for j =0, 1, 2, 3, ..., 40. WO 96/ 36137
PCT/ 1 B96/ 00413 9 This choice, which requires storage of 41 matrices and
20.5 matrix-vector nultiplications on the average for an 41 bit shift
regi ster, achieves sinple inplenentation cause in block 66 then the
conparison is sinply a bit conparison. The 41 matrices are calculated with
m ni nrum conmput ati onal effort, e.g. ajyfer calcuftion of Alerr], Alerr] is
calculated by Alerr]*Alerr], and so We_r exanple, matrices
Alerr], Ato the power k*4[err], are P =meotedied and stored, | =0, 1, 2,
3, ..., 20; k =1, 2, 3. This choice, reguwring additional matrices to be
stored, requires 15.5 matri x-vector I pl'rcatifons on the average. For
every two bits within the offset a nulffti pXjcatifn js necessary. In stil
anot her exanple, matrices Alerr], A tf tF@“ﬁoh: J%err], j =0, 1, 2, 3,

t

..., 20 are precal cul ated and storedf He 21 matrices have to be
stored, 10 while on the average 30. vect or cal culations will have
to carried out. So, the present invention grovides an efficient way of
determ ni ng code phases froma given e when the nunber of chips in
bet ween or the offset is known. Fig. | vi ng of channels al ong the
| ong pseudo- noi se sequence. X:=Xj 62

ofs: =ofset

Xisofset

64

C D

g ¢ N

x:2ADj ¢ x
ofs:= nfs-hj ~ 57

- _&h
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Yhe shown channel s derr],
fixed refewgw@emyint Oin 15

derr],

and C[err] can evolve with I‘ESé)e

P an

vol ve with respect to a reference channel

t he | ong pseudo- noi se sequen®CTAR

ct to a

Cerr] which itself also evol ves

along the | ong pseudo-noi se sequence PNL. -1.e. the offsets can either be
tinme variant or tine invariant. Wen locking to a channel either such a
time variant or tinme invariant offset caw taken into account. To this
end, the prinary station BS1 can typi cal | ransmt the contents of itg
| i near feedback s M} reg ter, of fset, WM th rs pect tQ.20 thg fixed
reference point O fr the ffset | to_tjg referg
Cerr]. In an|n| RS to fhe
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traffic channgls Tegrster
SHR1 correspopdi 0 rix A The regi$ter SHRL
conprises a series arrangene ﬂ7of flipflops and dxcl usive-OR gat¢s flipflop
70, XOR-gate y1, flipfljop f1ipflon 74  XOR-gat-o-lio——add
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71, 73: and 75 and coupl B%P%EMEMB&'ILEH/ out puts of AND gatquméﬁmﬁm sﬂgﬁr

79%whi ch at * C L * 11A AMENDED SET OF CLAI Ms: T-

di rect - sequence spread|s )eOML;{[]gswun chtion system conpri si ng‘immst )
one cell, at least onejpjimary radio stajion and a plurality of secondar%/
radi o stations, the prijmry=radro=stari op andjthe secondary radio stations

"being arranged for comyunication with eagh other via control channel s and

traffic channel s s AN qﬁﬁg REk hgnd
cells at lest a rraj orlf?%tsﬁmatm S arell:glll'ﬂﬁ\t ast ‘o0 ‘i" ﬁuoh

pseudo- noi se segyesondarygadiorsition” by at | east one-1inear feedback shift

regi ster, the channels bei ng di stingui shabl e mathln the at | east one | ong
pseudo- noi se sequence, and in that for locking .on a current channel using a
| ong pseudo- noi se sequence, a phasé of ‘the’current charinel within the |ong
pseudo- noi se 10 sequence at- receiver.side is derived fromstate

I nformati on about the |inear feedback shift register transn1tted via a

ool el 2 o s RS SIEE AR B e o
~a previous stat gyupfiuhigridd £fSfkin EGRARAK a51Rhd: 'one cell, at least one primary radio station
and a plurality of secondary radio stations, the p'xms.ry radio station and the secondary
radio stations being arranged for communication with each other via control channels
S and traffic channels. Such a communication system can be a mobile radio system in
which the primary radio system is a radio base station, and the secondary stations are
mobile radio stations, and also a cordless telephone system, a cordless LAN (Local
Area Network), or the like. .
The present invention forther relates to a primary radio station and to a
10 secondary radio station for use in such a communication system.

Spread spectrum systems are well-knowri since long and have been
described in numerous articles and handbooks, such as in a basic article describing a

15 system implementing a direct-sequence spread spectrum system, "A Communication
Technique for Multipath Channels”, R. Price et al., Proc. of the IRE Vol. 46, March
1958, pp. 555-570, a tutorial article "Theory of Spread-Spectrum Communications - A

" Tutorial", R. L. Pickholtz et al, IEEE Tr. on Comm., Vol. COM-30, No. 5, May
1982, pp. 855-884, and a handbook "Digital Communications”, J. Proakis,

20 McGraw-Hill, 1989, Chapters 7 and 8, .In Chapter 7, -pp. 702-799 of said handbook
digital signalling over fading muitipath channels is described as is the case in a mobile
radio system, and in Chapter 8 spread-spectrum receivers, especially pp. 802-804,
describing direct-sequence spread spectrum, pp. 831-836 describing PN (Pseudo-Noise)
sequences for DS SS, pp. 862-864. The pseudo-noise sequence is generated using a

25 linear feedback shift register, The maximum length of the pseudo-noise sequence is
n = 2% . ] bits, m being the number of shift register stages, and n being the period of
the sequence. In a direct-sequence spread spectrum mobile radio system datz to be

- transmitred are encoded using such pseudo-noise sequences. At reception side the data



register, and the s aBEPWEMﬁgTISH%Er f eedback shift regi ster for the

cufr ent channel s 15§ det er m:hed by transform ng the
to the current stat sipg AUGN97edf tfansformati on matri x. .HEMCEMENF%QEH

di rect - sequence -sprgadl spectrum confrupi cati on system accor di ng to claiml,
wherein the primary]|s T 'fheg a futu2&k . state for. a-given channel
with a predeterm ned offset froma state of the |inear feedback shift

register for thgefecoded using ebRelassn tichiigeess T kibwy dirsa-selwnee epdcutxmre
state using the stored transforrratlon matri x, the future state el ng

transnitted as wobilewadie symxﬁmmhchmel either a contyol

Dat o et or m HCise iR AP et e ﬁéﬁ%h&f&&ﬁ%‘?ﬁ%@m
pr edet er m ned Owtaetesﬁdc@m achicthe, D sichea bysied thé dewllte b trdniitedetsyi e qidia 5

for the channel by transform ng the state to the |nterrred| ate state u5|
the stored tranbassrstationofer ingtance are epcoded using aichips

side of t RS""QZC%%?@%&?%ﬁﬂPﬁ%sf%P*"%E‘ép%ﬁ%@Ehhﬁﬁ“ﬁ @"f'.‘nearﬂ"‘
feedback shift MOA dd-Adisé Seqquenvertepicaltyiisrsheit wienddt »r i Acchipjs ammglmmm

“internedi ate state directl and/ or by transform ng the |nter ia ate
using the -  of arectangular ypulsecorrespglndmgm e reciprocal g tLeavaxggﬂ thIn

practical systems the so-called chip rate is a multiple of the information rate of data to
10 be transmitted. When applying such short pseudo-noise sequendes at reception side there
will be no problem to decode the data, On the other hand, for each channel a different
pseudo-noise sequence has to be generated. In particular in mobile radio systems with
many subscribers per cell such generstion of many different pseudo-noise sequences is

cumbersome.
15

It is an object of the present invention to provide a direct-sequence spread
spectrum communication system of the above kind in which less pseudo-noise sequences
are to be generated while at the same time providing an efficient locking mechanism on

20 the pseudo-noise sequences of channels at reception side.

To this end the direct-sequence spread spectrum communication system
according to the present invention is characterized in that at least in one of the cells at
least 2 majority of the channels share at least one long pseudo-noise sequence, generated
by at least one linear feedback shift register, the channels being distinguishable within

25 the at least one long pseudo-noise sequence, and in that for locking on a current channel

vsing a long pseudo-noise sequence, a phase of the current channel within the long
pseudo-noise sequence at receiver side is derived from state information about the linear
feedback shift register transmitted via a control channel. The present invention is based
upon the insight that despite the factthat it is practically impossible to carry out a direct

30 search for the current channel because of the fact that the single sequence is extremely
long, the current channel can be recovered from the-state information transmitted via a
control channel e.g. by us:ng 2 short pseudo-noise sequence, i.e. despite of the fact that
__current channel can still be determined.



stared ‘transformation matrix. 12 5. ' A direct-se

spread spectrum comuni cation system accor.di ng ta claiml, bﬂ&-ﬁé@r SHEET
‘state information is an offset with respect tfo a fixed reference state of
the linear feedback shift register, and the:contents of the linear feedback

'shift register of the current channel is. det eZBined fromthe recelved o
offstt and a plurality of storedtraisfor et i-on- et fiées.. 6v - - - A

di rect - sequence spread spmmmbcammmmmwmimemmmmmm
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| ocking is ach.afe%nemea&rmoase@w |tﬁ rfa s!ssr:aaﬁ mﬁsﬁmeﬂ&a
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of the current channe gsg corrgﬁ&?“ : he oaa g correfl at or %?Jhﬁhecel Q%g

chips. 7. previous state o ttmmmam gt 4 storddotransformationn ruitrioc Herewithofora
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bei ng di stingui shabl e Wi thin the at’ I ‘east one 'pseudo- noi se SS&' uence, and in
that t}f l" n is arranged:- for transmtting state MCEM!EWFBHEET
about ck shift register to the secondary stations via a

cont rol channel the prlnary station using,a short pseudo-noi se sequence

for encodi ng the state information so thatliihe secondary station can decode
received data in a current channel using the |ong pse dE - ﬁggg(y’[ﬁ#}e 8.
A secondary r AMENDERSET OR CLAIMS: a direct - sequenc

- system which secondary radi o station conprises neans|{f¢r comunicati
~with a primary radio station via control channels and|tfaffd4 quth¥9re!l k,
characterjized in that the secondary radio station is @arfanged for recgiying
- fromthe primary station at least a ngjority of the channers usimg=at’ | gast
. one | ong pseudo-noi se sequence generated by at |east @ne |jnpear feedback
© shift register, the channels being distinguishable within the at |east one
pseudo- noi se sequence, and in that the secondary radio station is arranged
for 1ocking on,a currentA gheorgquértte spreall Spéctiugn pommunications systear cemprising
deriving a phase of the current channel from sjate |nforﬂﬁté$n about the

i near feedbagk leas ene eallyiag least precprimaty Rdio it
WD 96/ 36137

. 13
- 12 the linear 3?&8% E%“.‘W 1'Fde“gaiss er, andp ﬁe ca(%%en*ts o? t?lgﬁgi near w
f eedback shi f icormpiiimi¢ationofith bsch other via control channels and traffic channels,

5 cimacterizedinﬂlatatleastinoneofﬂ:ecellsatleastamajoﬁtyoft.hechmnels
share at least one long pseudo-noise sequence, generated by at least one linear
feedback shift register, the channels being distinguishable within the at least one long
pseudo-noise sequence, and in that for locking on a current channel using a long

(D™U)

pseudo-noise sequence, a phase of the current channel within the long pseudo-noise
'10 sequence at receiver side is derived from state information about the linear feedback
shift register transmitted via a control channel.
2. A direct-sequence spread spectrum communication system according to
claim 1, wherein the state information is a previous state of the linear feedback shift
_ tegister, and the state of the linear feedback shift register for the current channel is
15 determined by transforming the previous state to the current state using 2 stored
transformation matrix. i
3. A direct-sequenée spread spectrum communication system according to
claim 1, wherein the primary station determines a future state for a given channel
with a predetermined offset from a state of the linear feedback shift regiswt for the
20 channel by transforming the state to the future state using the stored transformation
matrix, the future state being transmitted as the state information.
4, A direct-sequence spread spectrum communication system according to
claim 1, wherein the primary station determines an intermediate state for a given
channel with a predetermined offset from a state of the linear feedback shift register
25 for the channel by transforming the state to the intermediate state using the stored
transformation matrix, the intermediate state being transmitted to a secondary station
of the plurality of secondary stations, and at the side of the secondary station the state




current channel is determined fromthe received of fset and lurality of

stror ed Hlmmmumulm” trices. 6. . A direct-s ENF SHEET
spectru ystem according to 5 claiml1l, wherein the | ocking

on the clirrent' clanfel *is a coarse I ocking, and a fine locking i s achieved
by loading a correlator. in the secondaryli3Bation with a contents of the
l'i near feedback shift register corresponding to the phase of the current
channel and gfothe dinedri fegdbaek shifricspistercior éieadurrentichannekis eiemmllqysuam the

A primary radio station for use |n dlre t-sequepnce s spectruim 10
conmmuni cat | ditestpgdiate stale;directly ngmgﬁ g‘ ing the

ConnuniCati&ﬂg&kt?u@ﬁﬂ#ﬂﬁ L f secondary ‘radio stations .via control
channel s an af T c channel's, characterlzed inthat for at least a-

majority of the channels the primary station shgres at |east. one | ong

pseudo- noi se sequence, generated by at |east on ckshi ft

regi ster, the channels being distingui shabl e w -I‘F!EPE%WE t jone
pseudo-n0|se sequence, and in that the primary J1§ station is grfjanged for
transmitting state information about- the |inear flectidaAUGIMAt |r¢gister to.
the secondary stations via a control channel, tthe¢ primary statjop using a
short pseudo-noi se sequence for encodi ng the sfate I ntormatt sp that the

secondary station can decode received data in &surrenf channel Jusing the
| ong pseudo- noi se sequence. 8. - A secondary radi o Station for
use in a direct-sequence spread spectrum 20 system which secondary radio
station conprises neans for comrunicating with a primary radio station via
control channels and traffic channels, characterized in that the secondary




radj o«st ét ion is arranged—for receiving fromthe prinmary stw@ggﬂgﬂtgﬂﬁga

mdj ority of the channels | at | east one | ong pseudo- noi

gener ated by a“mmml“m mﬂmr f eedback shift register, the channels
bei ng di sti ngul ! sn #Ne at | east one pseudo-noi se 25 seqguence,
and in that' the*sefondary radio station 12 arranged for |ocking on a

current-channel using the | ong pseudo-noi se sequence by deriving a phase of
oo UL LT AR i Mol spgn oot
claim 1, wherein the state information is an offset with respect to a fixed reference state of
' the linear feedback shift register, and the contents of the linear feedback shift register of the
current channel is determined from the received offset and a plurality of stored
transformation matrices. .
6. A direct-sequence spread spectrum communication system according to
claim 1, wherein the locking on the current channel is a coarse locking, and a fine locking is
achieved by loéding a correlator in the secondary station with a contents of the linear
feedback shift register corresponding to the phase of the current channel and correlating the
loaded correlator with received chips.
7. A primary radio station for use in a direct-sequence spread spectrum
communication system, which primary station comprises means for communicating with a
plurality of secondary radio stations via control channels and traffic channels, characterized
in that for at least a majority of the channels the primary station shares at least one long
pseudo-noise sequence, generated by at least one linear feedback shift register, the channels
being distinguishable within the at jeast one pseudo-noise sequence, and in that the primary
station is arranged for transmitting state information about the linear feedback shift register
to the secondary stations via a control channel, the primary station using a short pseudo-noise
sequence for encoding the state information so that the secondary station can decode received
data in a current channel using the long pséudo-noise sequence.
8. A secondary radio station for 'use in a direct-sequence spread spectrum
system, which secondary radio station comprises means for communicating with a primary
radio station via control channels and traffic channels, characterized in that the secondary
radio station is arranged for receiving from the primary station at least a majority of the
channels using at least one long pseudo-noise sequence generated by at least one linear
feedback shift register, the channels being distinguishable within the at least one pseudo-noise
.sequence, and in that the secondary radio station is arranged for locking on a current channel
using the long pseudo-noise sequence by deriving a phase of the current channel from state
information about the linear feedback shift }egister received from the primary station via a

control channel.
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