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DESCRI PTI ON SPREAD SPECTRUM TELECOMMUNI CATI ON SYSTEM Technical Field 5

The present invention relates to tel ecomunication systenms in which a
plurality of users transmt spread spectrumsignals which are relayed to a
system contr ol | avobw23084ccovery by techni ques, such as correl at iPOT/ABG 29

I nvol ves conpari ng each nenber of a set of code-.sequences with the received
signals and by a process of trial and error decqding each of the 10
received signals. Background Art A particular, but not exclusive,

application of the prEssoR)pPTION!ti on is answer back message pagi ng systens,
for example of a type disclosed in PCT Patent Specification W06/14716 in

whi ch secondary stations transmt 15 regl stration requests and/ or
ko) sy ° oo ges SEREAISPECTRUMAEUER MG TION 805780
,over conme what i s ternedhnical Rield /far effect, a primry
o 5 The present invention relates to telecommunication systems in which
a piurality of users transmit spread spectrum signals which are relayed to a
system controller for recovery by techniques, such as correlation, which
involves comparing each member of a set of code sequences with the
received signals and by a process of trial and error decoding each of the
10 received signals.
Background Art

A particular, but not exclusive, application of the present invention is
answer back message paging systems, for example of a type disclosed in
PCT Patent Specification WO96/14716 in which secondary stations fransmit

15 registration requests and/or simple replies to messages received from a
primary station as spread spectrum signals. In order o alleviate the problem
of power control to overcome what is termed the nearffar effect, a primary
station transmits invitations at progressively different power levels inviting
secondary stations to transmit their reply/registration signals and the

20 secondary stations in response to receiving a just acceptable invitation
signal transmit substantially simultaneously their reply/registration messages
as spread spectrum signals, each signal having its own spreading code
sequence. At the primary station, the sirengths of the received spread
spectrum signals lie within an acceptable tolerance range and can be

25 processed as a group without extensive power control which is frequently a
feature of known spread spectrum telecommunications systems.

At the primary station the processing requires matching a respective
code sequence from a large set of code sequences with the received signals
and recovering the registration and/or reply signal represented for example

30 by the choice of code sequence used. In the situation of a primary station
transmitting say a 1,000 messages, each to an addressee having a unique
address and its own limited set of code sequences indicating different



station transmts invitations at progressively different power |evels
“inviting secondary stations to transmt their reply/registration signals
and the 20 secondary stations in response to receiving a just
acceptable invitation signal transm lally simultaneously their
reply/regist r?bgﬂzmsages as sprea 'ﬁ'ﬂS@JEEﬁ“M@?ég@ each gdraBodeIbdVi Ng
its own spreadi ng code sequence. At flhe prr@@racss a |03, the strengths of

t he received spread spectrum si gnal s=Fe=m-ti—na—an-—aeeépt abl e tol erance
range ?n\c,im_caﬂ be f25 processed as a group?wi t hout extensive power
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held by the primary station have to be compared with the received signals,
which search is computationally intensive and represents the non-optimum
use of the system capacity.

10 Disclosure of Invention
It is an object of the present invention to reduce the computation in a
spread spectrum system.
According to a first aspect of the present invention there is-provided
a method of identifying a respective message from a plurality of messages

15 transmitted by respective stations, comprising transmitting a code sequence
and a group identifier as a spread spectrum signal, receiving said signals,
noting from the group codes which of the groups contain messages and, for
each of the groups noted, analysing the messages using the code sequences
assigned to that group.

20 According tfo a second aspect of the present invention there is
provided a telecommunications system comprising at least one primary
station and a plurality of secondary stations, at least each of the said
secondary stations comprising means capable of transmitting spread
spectrum signals, each signal comprising an individual code sequence and

25 an associated group code identifying a group to which the individual code
sequence has been allocated, the or each primary station having means for
recovering messages contained in the received spread spectrum signals,
wherein the primary station comprises means for noting which of the groups
contain signals, and means for analysing the spread spectrum messages in

30 each group using the cade sequences assigned to that group.

According to a third aspect of the present invention there is provided
a primary station having means for transmitting a plurality of message

This Sheet Has Been Replaced

AT




2 responses, the primary station by know ng the addresses and the set of
code sequences allotted to each address t alimted search to see
not only which secondary stati.o ir message but al so what
is their reply. However in case

on where the secondary 5
stations are novolewzasd bef or eha

er of codePCAREI12YS
held by the primary station have to be conpared with the received signals,
whi ch search is conputationally intensive and gepresents the non-optinmm
use of the system capacity. Disclosure of Invention 10 It is an

obj ect. of the preseforaly SHEArRYof Podehiity a dilalify ATBYIeHd dpRcirinPmess Az, each

spectrum system According to a first aspect of the present invention there
i s provided a net hodpegad spentiuny Megsage SOPPEsing amipdivisdual codaseayanceand gn
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analyse the spread spectrum message signals in each of the groups noted. .

According to a fourth aspect of the present invention there is provided

a secondary station comprising transceiving means, means for storing a

plurality of spread spectrum code sequences, means for generating a group

10 code, means for transmitting a selected one of the code sequences and its

group code either as a registration signal or as a reply to a message received

from a primary station.

Brief Description of Drawings
15 The present invention will now be described, by way of example, with
reference to the accompanying drawings, wherein:
Figure 1 is a diagram illustrating a selective call system for transmitting
data messages,
Figure 2 is a block schematic diagram of a primary station comprising
20 a system controller and a base station transceiver,
Figure 3 is a block schematic diagram of a secondary station,
Figure 4 is a diagram illustrating the primary station transmitting
invitations at equally increasing increments of output power,
Figure 5 is a diagram illustrating the primary station transmitting
25 invitations at non-equal increments of output power, and
Figures 6 is a flow chart relating to cycle of operations including an
implementation of the search strategy. '
In the drawings the same reference numerals have been used to
indicate corresponding features.
30
Modes for Carrying Out the Invention
Referring to Figure 1, the selective call system comprises a system
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of a plurality of groups, .and the primary station receiving said signals,
storing the code sequences in groups in accordance with their group codes,
‘each said 20 group being characterised by the code sequences it should
.store, determ ning which of the groups contain nessages and, for each of

the groups forwidymesyt has been determ ned that nessages arepgtidifizo
:anal ysi ng the nessages using the code sequences assigned to tt‘;at group.

‘According to a second aspect of the present invention there is provided 25
a tel ecommuni cati ons system conprising at | eah one prinary station and a
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the or each prlnary
Selectlve call secondary stations SS1,SS2 are provided, each of which
comprises a transceiver which is able to receive transmissions from the
transceiver 12 and is able to transmit a limited number of types of messages,
including acknowledgements, at significantly lower power than the output
power of the transceiver 12, for example 30dB lower. The messages are
10 transmitted as spread spectrum signals typically at an information rate of one
thousandth of that transmitted by the transceiver 12 and a spreading
seguence length of the order of 10*, for example 8191 chips per bit.
Figure 2 shows an arrangement of a system controller 10 connected
to the transceiver 12. The system controller 10 comprises an input 18 for
15 data messages to be relayed via the transceiver 12. The messages are held
in a store 20 from where they are relayed to a formatting stage 22 which
appends an address code word fo the message and divides the message into
a piurality of concatenated code words of a pre-determined length, each code
word including error detection/correction bits and optionally an even patrity bit.
20 The address code words are held in a store 24. A processor 26 is provided
which controls the operation of the system controller in accordance with a
program which is stored in a memory 28. Also connected to the processor
26 are a clock/timer stage 30, an invitation signal generator 32 and a store
34 for storing details of the code sequences which may be used by the
25 secondary stations in transmitting their responses to the invitation messages.
Once the data messages in the store 20 have been formatted in the stage 22
the processor 26 causes them to be relayed by the base station transceiver
12. The formatting of the data messages may conform to any known
message format, such as the CCIR Radiopaging Code No. 1 (otherwise
30 known as POCSAG), or any yet to be devised format. Once the messages
have been transmitted, the processor arranges to transmit invitation-to-
respond signals generated in the stage 32. In one arrangement, after each



station having neans for recovering nessages contained in the received
spread spectrum signals, neans for storing the code sequences in a group in
accordance with the group code, neans for determ ning which of the groups
contain the signals, and neans for analysing the spread spectrum nessages 5
I n those groupswex27/2388¢ code sequences using the code sequencefBCEIB¥HIROT by
the primary station to that group. According to a third aspect of the
present invention there is provided a primary s§ation having neans for
transmitting a plurality of nessage signals, neans for receiving a

plurality of spread gRRshisYion'6!anRINARtoN Sighabat £afbgléssivelpinbrddsing (gmm

conprising an individual code sequence and an associ ated 'group code code'
'sequence storage neagdimeintevgl isnprovidediin avhieh pae ®r Jperst senendaphsiations, which
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iinvention there is ppoweditelr each dndtatipn deing followedrby isstime perivdsfoeirspipg The
means, means for st Olreivgl% n%ay be evenly separated as shown in Figure 4 or unevenly separated
as shown in Figure 5. In the latter instance the size of the steps may be
determined beforehand or altered dynamically in operation in order to
10 influence the number of responses transmitted after each invitation signal.
In Figures 4 and 5 INV indicates the transmission of an invitation and RES
the time allocated for responses. In another arrangement, the respective
invitation signals are transmitted successively and a plurality of time slots are
provided for receiving responses as spread spectrum signals, there being one
15 time slot per power level. In a variant of the last mentioned arrangement, a
plurality of sets of invitation signals are transmitted and a secondary station
transmits a response to the lowest powered invitation signal received at a
suitable moment following the transmission of the last set of invitation signals.
In a further arrangement a single, full power invitation signal is fransmitted.
20 The processor 26, following the transmission of an invitation signal,
switches the transceiver 12 to receive and is ready to accept signals received
by the transceiver 12, the outbound propagation path to the or each
secondary stafion being substantially the same as that of the inbound
propagation path. Previously in order to identify each of the responses which
25 is sent as a spread spectrum signal, it has been necessary to match each of
the code sequences sequentially with the received signals which are held in
a buffer and when a correlation is obtained then the response is noted and
further code sequences are matched with the received signals in order to
recover any other responses which may be present.
30 Figure 3 is a block schematic diagram of a secondary station SS
having the capability of transmitting responses to invitation signals as spread

spectrum signals. The secondary station SS comprises an antenna 36 which



plurality of spread spectrum code sequences, neans for generating a group

20 code, neans for transmtting a selected one of the code sequences and

its group code either as a registration signal or as a reply to a nessage
received froma primary station. Brief Description of Drawi ngs The present

i nvention W | waoomsbpss descri bed, by way of exanple, wth 25 pcmwsbéeigsce to
t he acconpanyi ng drawi ngs, wherein: Figure 1 is a diagramillustrating a
selective call systemfor transmtting data ngssages, Figure 2 is a block

'schematic diagramof a primary station conpri8ing a systemcontroller and a

“base station ”ansﬁaéﬁﬁﬁlﬁgqg a, receiver s L Wge ﬁnhﬁﬁ@tftb&ﬂﬁ% r%%E@BE}sL&a?&?%@% am

of a secondary sta gure s a dragram| rating t

~station transmtti ngupléd?.a anrinputaofi apdecader dfu A micrionontealler 48 is coupled o theof

OUt. put power, output of the decoder 40 and controls the operation of the secondary station

in accordance with a program held in a read only memory (ROM) 44. The

5 microcontroller 42 has inputs/outputs, as appropriate, coupled to annunciating
means 46 which may be audio, visual and/or tactile, a keypad 48, data output
means, for example an LCD driver 50 which is coupled to an LCD panel 52,
and a random access memory (RAM) 56 for storing any messages which
have been received and decoded.

10 In operation the receiver stage 38 is energised in response to the
particular battery economising protocol followed by the secondary station SS.
Optionally the decoder 40 and the microcontroller 42 may “sleep” when not
required, the microcontrolier 42 being woken by an internal timer (not shown)
or an interrupt signal and in so doing waking up other stages of the

15 secondary station, as appropriate. When an address code word is received,
it is demodulated, decoded, error corrected and checked to see if it is one
assigned to the secondary station or an invitation to send a message to the
primary station. Assuming it is an address code word assigned to the
secondary station then depending on the programming of the microcontroller

20 42, the annunciating means 46 may be activated to inform the user that a call
has been received. [f a short message is concatenated with the paging call
then once the message has been decoded and error checked/corrected, the
microcontroller 42 causes the decoded message to be stored in the RAM 56.
By actuating a key or keys of the keypad 48, a user can instruct the

25 microcontroller 42 to read-out the message from the RAM 56 to the LCD
driver 50 which will cause the message to be displayed on the screen 52.
The operation described so far is typical for many alphanumeric message
pagers conforming to the POCSAG standard.

The illustrated secondary station SS includes a low power transmitter

30 58 whereby acknowledgements and/or short reply messages can be relayed
to the or any in-range base station transceiver. The actual acknowledgement
or reply message is generated by the microcontroller 42 either automatically



Figure 5 is a diagramillustrating the primary station transmtting

I nvitations at non-equal increnents of output power, and Figures 6 is a
flow chart relating to cycle of operations including an 5

i npl ement ati on of the search strategy. In the drawi ngs the sane reference
nuneral s have D&O®72384 t o i ndi cate correspondi ng features. MRMEIBIGH1297
Carrying Qut the Invention Referring to Figure 1, the selective call system
conprises a system WO 97/ 23054 7
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42. The microcontroller 42 controls the reading out of a code sequence to

of "whi ch

5 a transmitter 58. The code sequence may be one of a set of near orthogonal
sequences or a time shifted version of such a sequence. The chosen

sequence may represent the identity of the secondary station and/or the
number of a message received and/or coded reply as shown below, for
example from a secondary station number 370.
10 Code Sequence 371 - secondary station in the area for the purposes of
registration only. |
Code Sequence 372 - Received last message.
Code Sequence 373 - Read message(s).
Code Sequence 374 - Answer "Yes".
15 Code Sequence 375 - Answer "No".
Code Sequence 376 - Resend last message.

In a practical situation strings of messages are transmitted sequentially
to different secondary stations and depending on how the system is
configured, the secondary stations transmit spread spectrum signals as

20 responses.

in order to reduce the computation involved in correlating the code
sequences with the received spread spectrum signals, especially registration
signals because they represent an unknown quantity both in number and
type, the spread spectrum signals are divided into groups which are then

25 analysed to determine the nature of the received signals.

In an example of spread spectrum signals being transmitted in
response to an invitation signal of some sort, for example either a general
invitation signal transmitted at full power or a sequence of invitation signals
at increasing power levels, the spread spectrum codes are divided into

30 predetermined or dynamically determined groups and the secondary stations
transmit both a group code and an individual code. A search of the code
sequences to identify the messages contained in the substantially



conprises a transceiver which is able to receive transm ssions fromthe
transceiver 12 and is able to transmt a |imted nunber of types of
~nmessages, including acknow edgenents, at significantly |ower power than the
. out put power of the transceiver 12, for exanple 30dB | ower. The nessages

care 10 t r;phigsed as spread spectrum signals typically pETmvenizo7
cinformation rate of one thousandth of that transmitted by the transceiver
12 and a spreadi ng sequence length of the order of 10[err], for exanple
8191 chips per bit. Figure 2 shows an arrang ment of a systemcontroller 10

connected to the tr. :%ﬂg&féo‘{&i lceivEdCs o&é eeg{],t,{ gibl-,gg gﬂrﬁpnﬂﬁﬁé?ﬁ?ﬁl‘ Ey
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‘menory 28. Al so connected to the Iprocessor 26 are a clock/tinmer stage ,
an invitation si gnitithgsystem oontgillenifl the secpived signal is first analysed to detect the
presence of the group codes. A second analysis comprises searching for
identities only within the groups detected. The group codes may be sent
10 separated in time from the individual identities, but this reduces the system
capacity. An alternative is to send the two codes simultaneously by
quadrature phase modulating a carrier.
The savings available by this techniqgue may be illustrated by the
following. The optimum group size depends on the number of users replying.
15 Suppose there are N identities (users) but only R users or secondary stations
reply (for instance to register). The system controller 10 divides the
population into x groups. Initially x correlations are done for the group codes
and at the most R of them are found to be present. Each of the R groups is

then searched for N/x possible identities.

20 The total number of correlations is thus: X + R*N/x
which has a minimum: X = SQr(RN),
and the number of correlations is then: 2x.

if N = 1 million this gives, in round figures:

WW Maximum No. of
' correlations
25 10 : 3000 6 000
|
| 30 5500 11 000
100 10 000 20 000
“ 300 17 000 34 000
I 1000 30 000 60 000




34 for storing details of the code sequences which may be used by the 25
secondary stations in transmtting their responses to the invitation
nessages. Once the data nessages in the store 20 have been formatted in the
stage 22 the processor 26 causes themto be relayed by the base station
transcei ver 12.WOR®2¥8t natting of the data nessages may conf orBRHIBISA3S?
known nessage format, such as the CCI R Radi opagi ng Code No. 1 (otherw se 30
~known as POCSAG, or any yet to be devised forgat. Once the nessages have
. been transmtted, the processor arranges to transmt invitation-to- respond
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| the 5 secondary stations could be toid to divide their ident by a suitable number n

and use the code denoted by the integer part of the result as their group
code.
The threshold for detection of the group codes may be lower than that
for the individual identities because the consequence of a false group
10 detection is only an increase, usually negligible, in the search computation
load. For example a false rate of 1 in 100 for group detection would result
in only about 1% extra load whereas the required false rate for an'individual
reply might be 1 in many'thdusands. This lower required false rate may be
used to advantage in several different ways, such as to reduce transmit
15 power for the group code, shorter transmission time for the group code
and/or shorter analysis times.
In the case of dynamically determining the number of groups, the
system controller 10 using statistical information on say registrations at a
particular time of day, day of the week and season may decide on say four
20 groups and when transmitting the invitation signals it may either instruct
those secondary stations wishing to transmit to send a group code
comprising the two most significant bits (MSB) of the secondary stations
address. The group code and the spread spectrum message code may be
transmitted simultaneously by quadrature modulation of a carrier wave. Once
25 the system controller has identified and noted the groups present the
- received signals are analysed subsequently on a group by group basis. The
number of groups may be increased or reduced by increasing or decreasing
the number of MSBs used as the group designator. _
#igure 6 is a flow chart illustrating a cycle of operations. The flow
30 chart commences with block 62 which indicates the system controller
deciding on the number of groups. Block 64 denotes the base station
transceiver fransmitting invitations containing the instructions to the



5 invitation signal is repeated at increased power levels up to a
maxi mum power |evel, each invitation being followed by a tine period for
reply. The |l evels may be evenly separated as shown in Figure 4 or unevenly
separated as shown in Figure 5. In the latter instance the size of the

steps may be deiograsgagd beforehand or altered dynamically in pepimgogr | N
order to 10 I nfl uence the nunber of responses transmtted after each

invitation signal. In Figures 4 and 5 INV indicates the transm ssion of an
invitation and RES the tinme allocated for resﬂ nses. | n anot her
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‘moment following the transmission of the last set of invitation signals. In
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path to the or eachyagan  In the block 72 a check is made to see if all signals in the group

have been analysed. If the answer is no (N} the flow chart reverts to the

10 block 68 but if the answer is yes (Y) the flow chart proceeds to the block 74

in which a check is made to see if the group being analysed is the last group.

If the answer is no (N) the flow chart reverts to the block 66 but if it is the last

group (Y) the flow chart proceeds to the terminating block 76.

From reading the present disclosure, other modifications will be

15 apparent to persons skilled in the art. Such modifications may invoive other

features which are already known in the design, manufacture and use of

spread spectrum telecommunications systems and component parts thereof

and which may be used instead of or in addition to features aiready

described herein. Although claims have been formulated in this application

20 to particular combinations of features, it should be understood that the scope

of the disclosuré of the present application also includes any novel feature

or any nove! combination of features disclosed herein either explicitly or
implicitly or any generalisation thereof, whether or not it relates to the same .

invention as presently claimed in any claim and whether or not it mitigates

25 any or all of the same technical problems as does the present invention. The

applicants hereby give notice that new claims may be formulated to such

features and/or combinations of such features during the prosecution of the

present application or of any further application derived therefrom.

30 ' Industrial Applicability
Telecommunications systems, particularly but not exclusively, answer-
back message paging systems having spread spectrum response signals.
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5 code sequence and a group identifier as a spread spectrum signal, receiving
said signals, noting from the group codes which of the groups contain
messages and, for each of the groups noted, analysing the messages using
the code sequences assigned to that group.

10 2. A method as claimed in Claim 1, characterised in that the group
code and the code sequence are transmitted simultaneously by quadrature

modulation of a carrier wave.

3. A method as claimed in Claim 1, characterised in that a primary
15 station transmits an invitation to a plurality of secondary stations inviting
thése who want to transmit a signal to reply, in that the invitation signal
includes indicia informing the secondary stations how to determine a group
‘code which is transmitted together with an individual code sequence.

20 4. A method as claimed in Claim 3, characterised in that the
primary station estimates the number of groups required.

5. A method as claimed in Claim 3 or 4, characterised in that the

primary station adapts the number of groups required by instructing those

25 secondary stations wanting to send a message to fransmit a code
corresponding to a number of most significant bits of their identification codes

as group identifiers.

6. A telecommunications system comprising at least one primary

30 station and a plurality of secondary stations, at least each of the said
secondary stations comprising means capable of transmitting spread
spectrum signals, each signal comprising an individual code sequence and

‘This Sheet Has Been Replaced




in accordance with a programheld in a read only nmenory (
m crocontrol | er42 has inputs/output 'l m!J ”III
annunci ating means 46 which may be uBiti§, SWéEEgg%S ﬁﬁEWoT ac

48, data output neans, for exanple §n_L chis coupled to an
LCD panel 52, m-;@wsandom access nenory (RAV) 56 for st oringpeihigokRsroes
whi ch have been recei ved and decoded. 10 I n operation the
receiver stage 38 is energised in response to_,the particular battery
econom sing protocol followed by the secondary®station SS. Optionally the

decoder 40 and the m C p.

m crocontrol |l er 42 %‘e%ﬁ%oﬁ?é}éé?#r@& gég?n 'rf?gﬂl'&? roWB é%gﬁwdé\g&ﬁ cla(ae
Secondary st 2{‘?1)nar“a";‘"g"“?g“‘i":?'e'“‘““"“‘g"“”’e“"*“‘“”m o H T P
e s dendulat od, THERGHDY, Mespiges, SPMBTRAINNG TBRELRA FREAd BRSSHUT S5 ne
assigned to the segghéleinthéiptinidi stitioAconiptises meétihs!fBr A6y WhithoT 8 gfoupkhe
primary station. Assuming it is an address code word assigned to the

setondary st@tion toestainsjgaais. /gdineant:fosapaivaingithe spread-wpedrumomensagss) iar
20 42, the aniipg! dblp%sigfie dleERhuBRodiadaidHedto! at GloBpm t e user

that a caII has been T ort’ message Ts concat ed wth the
pagi ng call

7. A system as claimed in Claim 6, characterised in that each

secondary station has means for generating a group code and an individual

10 code sequence, and means for quadrature modulating the group code and
individual code sequence simultaneously onto a carrier.

8. A system as claimed in Claim 6 or 7, characterised in that the
- or each primary station. contains means for transmitting an invitation signal,
15 said invitation signal inviting those secondary stations who want to transmit
a signal, to reply, in that the invitation signal includes indicia informing the
secondary stations how to determine a group code which the secondary
station transmits together with an individual code sequence as a spread

spectrum message.

20 |

9. A system as claimed in Claim 6, 7 or 8, characterised in that the
primary station comprises means for estimating the number of groups

required.

25 10. A system as claimed in Claim 6, 7 or 8, characterised in that the
primary station has means for dynamically determining the number of groups
required and in response thereto has means for instructing those secondary
stations wanting.to send a message to transmit a predetermined number of
most significant bits of their identification codes as group codes.

30 |

11. A primary station having means for transmitting a plurality of
message signals, means for receiving a plurality of spread spectrum

“This Sheet Has Been RTlaced




t hen once the message has been decoded and error checked/cor
m crocontrol ler 42 causes the decoded message to be stored |m %ﬂm Hll““l
By actuating a key or keys of the K% g1 gan inst

m crocontroller 42 to read-out thg ' ' JRAM 56 to the LCD

driver 50 whi clwostR3esbuse the nessage tg Oe -drsplave
The operation described so far is typical for many al phanuneric rressage
pagers conform ng to t-he POCSAG standard. The j4lustrated secondary station
SS includes a | ow power transmtter 30 58 wher eby acknow edgenents
and/or short reply RgsHgRS, 8ach Bpread! sherfuirPmicBSadt caMprising ' BRIVIRARE code

station transceiver. The actual acknow edgenent or reply nessage is
generat ed by the ni ceguenee and ap agsociated group cefi code isequence giotage geans for

PCT/1B96/ 01297 7 or rég%rg?ggf'éﬁﬁ\}ea%ﬁéa& Iy ekfgrgaﬁgrﬁﬁs Ny ré c’ﬂ?ﬁ gﬁ%h%éénsbﬁr

transmtted as a sp pectrum’si nor e ar
pseudo- random code noting which of the groups contain messages and means for using the code

5 sequences to analyse the spread spectrum message signais in each of the

groups noted.

12. A primary station as claimed in Claim 11, characterised by

means for estimating the number of secondary stations likely to be active at

10 a particular time of day, means responsive to said estimates for determining
the number of groups into which the spread spectrum messages should bé

placed.

43. A primary station as claimed in claim 11 or 12, characterised in

15 that means are provided for generating an invitation signal, said invitation
signal inciuding indicia informing secondary stations how to determine a

group code which is transmitted together With an individual code sequence.

14. A primary station as claimed in any one of claims 11 to 13,

20 characterised in that the primary station has means for adapting the number

of groups required by instructing those secondary stations who want to send

a message to transmit a predetermined number of most significant bits their
identification as group codes.

25 15. A secondary station comprising transceiving means, means for
‘storing a plurality of spread spectrum code sequences, means for generating
a group code, means for transmitting a selected one of the code sequences
and its group code either as a registration signal or as a reply to a message
received from a primary station.

30
16. A secondary station as claimed in Claim 15, characterised in

that the transceiving means includes quadrature modulating means for
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e
sequences nay be stored or generated in a stage 60 or in the

m crocontroller 42. The m crocontroller 42 cont roI s the readwg“““‘“““m“\“\
code sequence to 5 atransmtt ence e one off

set of near orthogonal sequences or JWSSHEET\F#\SEBEE«E S|on of such a
sequence. ThewB 5584 SEQUENCE NBY T resé’fﬁpma dent {{ty of peoEIE&SROTAry

station and/or "the nunber of a nessa - coded reply as shown
bel ow, for exanple froma secondary station q*nber 370. 10 Code
Sequence 371 - secondary station in the area Tor the purposes of

573 7' Read nescay et HGUAod e gl SkEthd o sqnod RRE Safern e

Sequence 375 - Answer "No". Code Sequence 376 - Resend | ast nessage. In a
practical situation strings of nmessages are transmtted sequentially to
different secondary stations and depending on how the systemis configured,
the secondary stations transmt spread spectrum signals as 20

responses.
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In order to reduce the conputation involved in correlating the code
sequences with the received spread spegtrum signals, especially

regi stration signals because they represent an unknown quantity both in
nunber and type, the spread spectrumsignals are divided into groups which
are then 25 woanzadegsed to determi ne the nature of the r,eceiR@'dBE‘i"{:]FPé('l S.
In an exanple of spread spectrumsignals being transmtted in response to
an invitation signal of some sort, for exanple either a general invitation
signal transmtted at full power or a sequeqqg of invitation signals at

i ncreasing power |levels, the spread spectrum codes are divided into 30
‘predeterm ned or dynam cally determ ned groups and the secondary stations
‘transmt both a group code and an indiuvidual.code. A search of the code
isequences to identify the nessage? cpntained gn the substantially WO
97/ 23054 0 PCT/ | B99/ 01297 8

si mul taneously received spread spectlum.glgoals is first done group by
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group and then only those groups.found to be present are searched for

i ndi vidual codes with the result that the overall search may be shorter. In
one enbodi nent of the present invention the secondary stations are 5

given, or inplicitly have, a group code as well as their individual
identity. When woewtsmssto do so they transmit both their grouPCHRURY
their identity. At the systemcontroller 10 the received signal is first
anal ysed to detect the presence of the group codes. A second analysis
conprises searching for identities only witHpp,the groups detected. The
group codes may be sent 10 separated in tinme fromthe individual
identities, but this reduces the systemcapacity. An alternative is to send
the two codes simultaneously by quadrature phase nodul ating a carrier. The
'savings available by this technique may be illustrated by the foll ow ng.

: The optinmum group size depend he nuober of users geplying. 15

Suppose there are N iNéntiti s)put onfy R userp or spkcond %/

stations reply (for i stey)., The sysft em Eontr,of | i vi des
the population into x tirally xJcorrel atj ons arje Honp for }he
‘group codes and at th t hem ar & f ound t o be s el . bf t he

'R groups is then sear K possi bl e identit}ep.

50

-
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b2~

56
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20 The total nunber of correlations is thus: X + R*N x which

has a m ni mum x[err] = sgrt(RN), and the nunber of
correlations is then: 2x. If N=1 mllion this gives, in round
figures: R (No. of replies) x[err] (No. of groups) Maxi mum No. of

correl ations 25vo 97723054 10 3000 PCT/IB96/01297 6
000 30 5500 11 000 100 10
000 20 000 300 17 000 34 000
1000 30 000 60 YYGO WO 97/ 23054

PCT/ 1 B96/ 01297 9 The systemcontroller 10 sets a group size based on the
expected or statistically determ ned nunber of replies, and instructs the
“secondary
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stations accordingly as part of the invitation signal. For exanple if the
secondary station identities are regarded as the integers 1 to 1 mllion,
the 5 secondary stations could be told to divide their ident by a

sui tabl e nunber n and use the code denoted by .the integer part of the
result as thei waémidpsgcode. The threshold for detection of thECHABRGPI2IDdes
may be |l ower than that for the individual identities because the
consequence of a false group 10 detection is only an increase, usually
negligible, in the search conputation | oad. r exanple a false rate of 1
in 100 for group detection would result in ?ﬁy about 1% extra | oad whereas
the required false rate for an individual ggeply mght be 1 in many

t housands. This |l ower required false rate Jmay be used to advantage in
several different ways, such as tojfreduce transm %i power for the
greup ‘code, shorter transm ssion tijme for the gr ode and/or shorter
analysis tines. In the case of dyna . ning the nunber of

groups, the systemcontroller 10 using stgtistical information on say
registrations at a particular tine t he week and season may
deci de on say four 20 groups gng the invitation
signals it may either instruct

nd mheh trans




t hgse' secondary stations w shing to transnit to send REHnAﬁMNEeSHEET

cofmprising the two nost significant bits (MSB) of th econdary stat}ohs
E. Once
S

address. The group code and the spread spectrum ness c Yodze

transmtted simultaneously by quadrature m2dul ati on ¢f {a @?rspr“pig%r wav
esent
bas rs

25 the systemcontroller has identified and not gd
of code

the received signals are anal ysed subsequently on a
ghe nunber of rgspomsesydlye ipsimary statinsdby knewing:the addr

ecreasing the nu [ o) L.Of eaEhGULE I S¢a
flow chart il ﬁ?@#ﬁﬁ?ﬁ%ﬁ'ﬁ%@iﬁ’ £ %‘%déggﬁ':ghsém‘ﬂi’?ﬁg g seSt e s rot
conmences W t borfl Qtictp devbnddryi SidiiRs Ravd hecsived theic onéssagecbutciso dihzg ion
the nunber of groups. Block 64 denotes the base station transceiver '
transmitting itheirtrepiyensHewaven in rgsenesuahs @sutagisiratian, whese thecsegandlary

{ransn tPea by e nd KERRRSEIENARA Er I HfhbRrot (bR sofueneaes

held by the primary station have to be compared with the received signals,

which search is computationally intensive and represents the non-optimum use
of the system capacity.
Disclosure of Invention
10 . It is an object of the present invention to reduce the computation in a
spread spectrum system. |
According to a first aspect of the present invention there is provided a
method of identifying a respective message from a plurality of messages

transmitted by respectivé secondary stations to a primary station, comprising
15 each of a plurality of the secondary stations substantially simultaneously

transmitting as a spread spectrum signal a code sequence and a group code
‘which is useable by the primary station to allocate the code sequence to one
of a plurality of groups, and the primary station receiving said signals, storing
the code sequences in groups in accordance with their group codes, each said

20 .group being characterised by the code sequences it should store, determi'nin%
which of the groups contain messages and, for each of the groups for which it
has been determined that messages are stored, analysing the messages using

the code sequences assigned to that group.
According to a second aspect of the present invention there is provided
25 a telecommunications system comprising at least one primary station and a
plurality of secondary stations, at least each of the said secondary stations
comprising means capable of transmitting spread spectrum signals substantially
simultaneously. each signal comprising an individual code sequence and an
associated group code identifying a group to which the individual code
30 sequence has been allocated by the primary station, each said group being
characterised by the code sequences it should store, the or each primary




5 & ‘conprising each of a plurality of the secondckﬁFLAQENgmgTqHEEr
substantially sinmultaneously transmtting as a sprdad spectrum sighall a
code sequence and a group code which is useable by ltHe grg gpRYI998 afji ¢n to-
al l ocate the code sequence to one of a pluragity off droups, and thg grinmary
station receiving said signals, storing the code sequerrces—Th groupsiin
‘accordance with their group 10 codes, each said group being

«Q

characteri sed bgtatiba kavdeg sm'eaascm recoséing dnessages dontaimediingthehiedeivalid

the groups contain ssages and,  for each of the groups for which it has
g b grg i E)r rt‘m ;I-pgﬁ,

been det er mi nedSR¥2 Hb§'9§|a
code sequences ééédraﬁﬁéb ‘Aﬁ’lhtt'ﬂét

in Claiml, character
transmtted si nwntametbmmgn@ quddneams &)rrmmhlyshgdhe csfpreaabspectanmvmeesag’bs

A net hod as cIaJ in _Cl ai characterlsed i n I;g rimar

station trPansm 'f‘s——&ﬁ—lqwﬁ"?% PAYENGES UBNg Ed‘?ﬂﬁ% %ppar%s&gned
inviting those m %ﬂhgs’éa&@ﬁsﬁﬂ\aﬁ fogral to reply, in that t he
‘invitation signa ia i n?orm ng the secondary stations how to
‘determine a group coﬂ@cm’,dlnghtol a thirdaspect efdhedqyesent inwentiomtherads pronided a
.code sequence. .;ﬁﬁ’rpﬁ% s{aﬂgndﬁv&q @’lé%er{sh%q t?ﬁns%ﬁfr{ﬁe g ﬂlﬂraﬂfﬁﬂnessage signals,

-characteri sed i

Sﬁﬁ'&mﬁﬁs‘ntﬁm

means for receiving a plurality of spread spectrum messages, each spread
10 spectrum message comprising an individual code sequence and an associated
group code, code sequence storége means for storing received spread

spectrum signals in respective groups _in accordance with the respective group
codes, each sa'i_d group being characterised by the code sequences which it

should store, means for noting which of the groups contain messages and
15 means for using the code sequences to analyse the spread spectrum message
signals in each of the groups noted. | _
According to a fourth aspect of the present invention there is provided
a ser’:bndary station comprising transceiving means, means for storing a
plurality of spread spectrum code sequences, means for generating a group
20 code, means for transmitting a selected one of the code sequences and its
group code either as a registration signal or as a reply to a message received
from a primary station. | | |
Brief Description of Drawings
The present invention will now be described, by way of example, with
25 reference to the accompanying drawings, wherein:
Figure 1 is a diagram illustrating a selective call system for transmitting
data messages, _
Figure 2 is a block schematic diagfafn of a primary station comprising
a system controller and a base station transceiver,
30 Figure 3 is a block schematic diagram of a secondary station,

Figure 4 is a diagram illustrating the primary station transmitting



station estiimtes the nunber of g_r_oup's required. 5. A net WLAEM‘VWEET
in"daim3 or 4, characterised in that the primary station fadapts the .
nunber of groups required by instructing those 30 secondarly %t@h' Qn@g‘?
wanting to send a nessage to transmt a cods correspondi ng fo a nunber o
~nmost significant bits of their identification codes as gf oup
“identifiers. 6. A tel econmuni cati ons system conprising at}least one

primary stati ofatatons pt egaklly yinofeasempindeementsadi output poweEaSt €ach of t he
said 5 secondary _ stations corrgri Si n% neans g@gabl.e of tg{msn}tti nﬂt' :
spread spectrum si ghigwes§hd§ #ht1asram situsirating Jie prima,saligh,fransmiting
conprising an kN 0 m}éﬁ afgaroup code
identifying a 6%#&%%%?@%%%5%%%(62@ sequence has been

al l ocated by the priFigurgsss ¢ isoflowectudrt selatingrtoupydiei ofgoperatiaos énclydingban

t he code sequences it should store, the or each 10 primary station
havi ng me&ns fﬁﬂpmﬁ*?%&?m"s§§§@ g(ﬁ*?ﬁ)’ﬂed in the received spread

“spectrumsignal's, Mpags AR StHe Karké fefeRsifteRitHBRIE Ralé bden used to indicate

corresponding features.
Modes for Carrying Out the invention
Referring to Figure 1, the selective call system comprises a system



grgup I n accorw code, neans for deternining whic f the
groups contain the signal ans for anal ysi ng rt,m m
nmessages in t hos mm mgﬁ ode sequences usin M ndes 15
assigned by the m‘ n+<o that gfpup. 7. yStem as cl ai in
Caim6, characteriséd in that each secondary statiof has- qpepr 9%
generating a group code and an individual code sequerce, and neans_fér
qguadr at ure mUAIMS$ ng the group code and 20 i ndi vild sequenc
simul taneously onto a carrier. 8. A systemas clained in Cai ,
-characterised in that the or each primary station con ns nmeans for
transmtting an invitat l: | | | h

: secondary stati ong| “who Amm%tﬁ?g%?r'%%@ﬁ'ﬁg dWés QE “?%g%sgggg ftdeﬁ\fla;blﬂgalft){g)

the invitati nessages! tramsrhm:édsby neSpective rs‘econday Stations to dprimasy stdtions how

.to determ ne a rou cod ch the sec ry station trapsmts_ together
‘with anBindi\ f HEalfw F Agﬁ SgEendany, stations. substantially

'system as cl %il@ar‘»ébt.@l trﬂh@rmtﬁn bs% s BQH% befritesighsl 4 Bode s86ueie and

Cprimary-stati
required. a group code which is useable by the primary station to allocate the code

sequence to one of a plurality of groups, and the primary station receiving said

signals, storing the code sequences in groups in accordance with their group

10 codes, each said group being characterised by the code sequences it should

store, determining which of the groups contain messages and, for each of the

Jgroups for which it has been determined that messages are stored, analysing

the messages using the code sequences assigned to that group.

15 2. A method as claimed in Claim 1, characterised in that the group
code and the code sequence are transmitted simultaneously by quadrature

modulation of a carrier wave.

3. A method as claimed in Claim 1, characterised in that a primary
20 . station transmits an invitation to a plurality of secondary stations inviting those
who want to transmit a signal to reply, in that thé invitation signal includes
indicia informing the secondary stations how to determine a group code which
is transmitted together with an individual code sequence.

25 4. A method as claimed in Claim 3, characterised in that the primary |
station estimates the number of groups required.

5. A method as claimed in Claim 3 or 4, characterised in that the

primary station adapts the number of groups required by instructing those

30 secondary stations wanting to send a message to transmit a code
corresponding to a number of most significant bits of their identification codes
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' signal s, neanasfgroupdgentifieng a plurality of spread spgectrum nessages,

10» ‘A system w_mﬂ@_m6 7 or 8, charact et .
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_spread spectrum si gnal s o el hhié%ti&ﬁ%%?étehﬁ‘cﬁ {sﬂﬁ‘ défabstt *bn%hﬁnm
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individual code sequence has been allocated by the primary station, each said

_group being characterised by the code sequences it should store, the or each

10 primary station having means for recovering messages contained in the

received spread spectrum signals, means for storing the code sequences in a
_group in accordance with the group code, means for determining which of the

groups contain the signals, and means for analysing the spread spectrum
messages in those groups storing code sequences using the code sequences
15 assigned by the primary station to that group. |

7. A system as claimed in Claim 6, characterised in that each
secondary station has means for generating a group code and an individual
code sequence, and means for quadrature modulating the group code and

20 individual code sequence simultaneously onto a carrier.

8. A system as claimed in Claim 6 or 7, characterised in that the or
each primary station contains means for transmitting an invitation signal, said
invitation signal inviting those secondary stations who want to transmit a signal

25 to reply, in that the .invitation signal includes indicia informing the secondary
stations how to determine a group code which the secondary station transmits

together with an individual code sequence as a spread spectrum message.

9. A system as claimed in Claim 6, 7 or 8, characterised in that the

30 primary station comprises means for estimating the number of groups required.



20, ° nunber ofWhe spread spectr %m@\]’p@m‘ﬁﬂ' be
pt aced. 13. A pr| I aimed in claim1l —char-act sed
in that means are %“ m;aa rating an invitatilpny signal, ‘?‘ﬁé
invitation signal i'cra i nfornmiqg secondaly| st%Eir&Rs 8w It d
determ ne a group code 25 V\/mch is transmitted togkther with.an
i ndi vi dual code sequence. A primary station as clained i n any one _Ef
claims 11 to 13, cha actﬁesyﬁedw a9 clatmedtnheclarm Ba7Yorss,
adapting the nunmber of groups required by |nstruct|ng t hose secondary
stations who mmaWcstammhasmeans foredynadrically deterining dhe mambesr ofi groups
nunber of nos t t 0

157 7%h seconadpduiehfiNrsspbieg Mreid FEE ahorfiforislachid g Bo&ndarys
plurality of seitRmé wasting %nséﬂdea JREsEHIRERD transmit & PredeeemitiddBumber @fip
code, neans for transmitting a selected one of the code. sequences and its
group coBle ei thest significant it oithelridentiication codes s giqup eefes. message

11. A primary station having means for transmitting a plurality of
message signals, means for receiving a plurality of spread spectrum messages,
each spread spectrum message comprising an individual code sequence and

10 an associated group code, code sequence storage means for storing received
spread spectrum signals in respective groups in accordance with the respective

group codes, each said group being characterised by the qode sequences
which it should store, means for noting which of the groups contain messages

and means for using the code sequences to analyse the spread spectrum
15 message signals in each of the groups noted.

12. A primary station as claimed in Claim 11, characterised by means

for estimating the number of secondary stations likely to be active at a
particular time of day, means responsive to said estimates for determining the

20 number of groups into which the spread spéctrum messages should be placed.

13. A primary station as claimed in claim 11 or 12, characterised in
that means are provided for generating an invitation signal, said invitation signal
including indicia informing secondary stations how to determine a group code

25 which is transmitted together with an individual code sequence.

14. A primary station as claimed in any one of claims 11 to 13,

characterised in that the primary station has means for adapting the number of

groups required by instructing those secondary stations who want to send a

30 message to transmit a predetermined number of most significant bits their

identification as group codes.
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ivf O aim 15,
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t he code sequence ot WO 97423054
PCT/ 1 B96/ 01297 14 quadrature modul*at i ng the group c¢de
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15. A secondary station comprising tra J means, means for
storing a plurality of spread spectrum code sequences, means for generating
a group code, means for transmitting a selected one of the code. sequences
and its group code either as a registration signal or as a reply to a message

received from a primary station.

16. A secondary station as claimed in Claim 15, characterised in that
the transceiving means includes quadrature modulating means for quadrature
- modulating the group code and the code sequence on a carrier.
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(54) Title: SPREAD SPECTRUM TELECOMMUNICATION SYSTEM

(57) Abstract

A method of reducing computation in spread spectrum
signals in which a spread spectrum signal sent by a transmit-
ting station (SS1) includes a group and an individual identity
code. A receiver (10, 12) stores the received signals based on
their group codes and analyses the stored signals on a group
by group basis. This greatly reduces this computation required
when recovering individual messages from a number of simul-
tancously transmitted spread spectrum signals. Optionally the
transmitting station may send the group and individual identity
code signals simultaneously as quadrature signals.
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