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The invention relates to a multi-user communication system comprising at

least a base transceiver station and a plurality of user transceiver stations

communicating with one another over transmission channels via the base station, the

system comprising:
5 -

transforming means for transforming transmit messages into symbols of a

constellation at the transmitter end and means for performing reverse operations in each

user station at the receiver end,

- coding means for coding said symbols with a code by spread speétrum coding at

the transmitter end and decoding means for performing reverse operations at the

10 reveiver end,

- means for transmitting/receiving coded data over a channel.

The invention likewise relates to a user transceiver station, more

specifically, either a mobile station ensuring communication by radio links, or a fixed

station communicating by cables, satellites or otherwise. The invention likewise relates

15 to a base station intended to receive and relay messages with the object of putting

mobile stations into communication with one another.

A communication system among users is to satisfy several criteria and

among these criteria the criterion of confidentiality is easily satisfied. The designers of

20 such systems are thus oriented at the use of codes for the transmission of transmit

messages. A high-performance coding system is the Code Division Multiple Access

' CDMA system. This system presents advantages of confidentiality, robustness to

disturbance, robustness to interference or degradation and can furthermore be easily

dimensioned to any number of users. The principle of the CDMA system consists of
25 spreading the frequency spectrum. Therefore, a message to be coded, formed by bits of
' elementary length Ts, is multiplied before transmission by a pseudo-random bit
sequence having an elementary length Tc, so that Tc = Ts/L. The parameter L is the

period of the sequence, that is to say, the number of bits of the sequence. Each utilizer



BACKGROUND OF THE | NVENTI ON  The invention relates to a nult-user

.cemmuni cati on system conprising at |east a base transcei T Shgatalaseae ldted
-plurality of user transceiver stations communicating with

transm ssi on channels via the base station, the system co

transform ng neans for transformng transnit nmessages into sy
constellation at the transmtter end and neans for performng reverse
oper ati ons has tashis own gdleeated sequenceatA bse Hatios] igesivesnifie codedoiesrgEeReOmIng or

coding saidgg o¥nngl? Itl’?e V‘@erp, d%cS&’gethQﬁﬁ and then recodes them and relays them to all the users.
| The base station generates the communications, that is to say, it enables a user and that

user alone to decode a message intended for him. Such a system makes the use of an

5 equalizer necessary when receiving, which equalizer may become complex with a rising
number of users. In effect, when echoes from a multipath environment occur, the
echoes relating to a user’s channel will generally not be the same as the echoes from
another user’s channel. The real performance of such a system is thus limited. On the
other hand, it is necessary to synchronize the receiver with the beginning of each

10 sequence, so that the received message can be decoded, which often forms a problem.

Such a system is described, for example, in the book by J.G. PROAKIS,

"Digital Communications", chapter 8, pp. 800-817, published by McGraw-Hill Book
Company (1989), New York.

15 It is an object of the invention to enhance the transmission reliability and
capacity in the communications among users.

An additional object is to maintain reduced complexity in the system
whilst its performance is enhanced.

These objects are achieved with the communication system defined in the

20 opening paragraph, in which the transceiver means comprise multicarrier modulatmg
and demodulatmg means by orthogonal frequency-division multiplexing.

Thus, advantageously an equalizer for equalizing the signals which have
been subject to echoes caused by a multipath environment need no longer be used at the
receiver end. In effect, when organizing the modulated signal in the form of successive

25 frames which are constituted by blocks comprising check intervals, it is possible to-
absorb all the delays caused by multiple paths. Neither are there any problems of
synchronization with the beginning of each coding sequence, because all the
synchronization mechanisms are derived from those used by the orthogonal frequency-
division multiplexing. The choice and the number of coding sequences is much greater.

30 The transmitted energy is much better frequency-divided over the channel, which |
renders this system more robust to selective fading. Moreover, the secondary lobes have
less energy, which renders the system less sensitive to interference from adjacent

channels. The combination of the spread spectrum technique with the technique of
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spread spectrumcoding at the transmtter end and decodi ng nmeans for

perform ng reverse operations at the revei ver end, means for

transmtting/receiving coded data over a chan- nel . The invention

likewise relates to a user transceiver sta- tion, nore specifically,

ei t her

a nobile station ensuring comunication bydradio links, or a fixed station
communi - cating by cables, satellites_ or otherw,se. The i nvention |ikewi se

relates to alumgwgt%hoaﬁnalrfm'ew-amm%mwmng (QERM)\thunbrings mebct of

putting mbbér?oﬁﬁaﬁ&éﬁﬂ@a&v‘%@ag%?.m muni cation with one another.

A system according to the invention is formed by user transceiver stations

which may be mobile, and at least a base station which is fixed. The base station covers

5 what is referred to as a cell, that is to say, it has a certain operating range. Beyond this

operating range there is another base station which takes over the relay when the mobile

station has left the boundaries of the cell. Advantageously, due to the invention, one cell
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can have a larger size whereas, previously, the increase of the size required enhanced
complexity of the equalizer.

Each user station comprises transmitter means for transmitting to the base
station and means for decoding only the messages intended for that user station..

The base station comprises transmitter means for tfansmitting to all the
user stations and receiver means for receiving messages sent by all the user stations and
management means for managing the communications traffic among the user stations.

In a user station or a base station the modulating means comprise:

- input serial/parallel converter means for coded transmit symbols,

- means for simultaneously applying an inverse Fourier transform to the symbols to be
transmitted on the plurality of carriers,

- means for adding protection symbols against echoes,

- parallel/serial converter means, '

- means for forming frames of symbol blocks and for adding special symbol blocks.

The special symbols may be synchronization symbols, service symbols,
channel estimation symbois or other symbols. |

Similarly, the demodulating means comprise:

- a sampler

- input serial/parallel converter means for received modulated data,

- means for applying a direct Fourier transform to produce said received coded
symbols,

- parallel/serial converter means.
The means for applying an inverse Fourier transform can be preceded by

time-division/frequency-division symbol interleaving means. In that case the means for

applying a direct Fourier transform are followed by time-division / frequency-division

symbol de-interleaving means.
{1 This Sheet Has Been Replacec
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A communi cation system anong users is to satisfy several criteria and anong
tbese criteria the criterion of confiden- tiality is easily satisfied The
desi gners of such systens are thus oriented at the use of codes for the
transm ssion of transmt nessages. A high-performance coding systemis the
Code Division Miltiple Access CDVA system4This system presents advant ages
?of confidentiality, robustness to distur- bance, robustness to interference
or degradat i on and caf\tthe rereivepend ore ensgveral @PM?MCQW%WM@aﬂ
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users. The

length Ts,

idisposddt dtphé estebet ené either downstream_ of the correlator(s) which applies (apply)
the pseudo-random sequence(s) used for the coding at the transmitter end, or with each
coded message assigned to each carrier at the output of the means for applying the

direct Fourier transform.
These different aspects of the invention and other aspects too will become

~ apparent and be explained with respect to the embodiments to be described hereinafter.
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The invention will be better understood with the aid of the following
Figures shown by way of non-limiting examples which represent in:

Fig. 1: a circuit'diagram of a transceiver processing system functioning in
a user station. _ |

Fig. 2: a general circuit diagram of part of a communication system
according to the invention.

Fig. 3: a circuit diagram (A) of known principle for spread spectrum
coding and an associated decoding circuit diagram (B) operating in a user station.

Fig. 4: two coding (A) and decoding (B) circuit diagrams of the same
known principle applied to the base station.

Fig. 5: a circuit diagram of an OFDM multiplexer intended to be used
with a multicarrier transmission.

Fig. 6: a circuit diagram of an OFDM demultiplexer.

Fig. 7: two circuit diagrams with interleaving of the symbols at the
transmitter end and de-interleaving of the symbols at the receiver end.

Fig. 8: a circuit diagram of a demultiplexer of a user station comprising
automatic gain control.

Fig. 9: a circuit diagram of a decoder of a base station comprising
automatic gain control. ' '

Fig. 10: a general circuit diagram of a multi-user communication system.

Fig. 11: a symbol distribution diagram covering a period of time uTs.

Fig. 12: two curves of the frequency response of a conventional spread

spectrum system and of a system according to the invention.
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that is to say, the nunber of bits

5

Fig. 10 symbolically shows a multi-user communication system (U;, U
.- Uy .... Upy), where M is the total number of users. All the users communicate via
two-way links with a base station B. This base station B serves as a relay to put two
user stations into communication with each other. A base station has a coverage area.
With the user stations being @ priori mobile stations, a user station U, (or several of
them) can leave the coverage area of a base station B,. In this case another base station
B, participates in the management of the communications. The two base stations By, B, .
then exchange management information signals to put a user station U (of the coverage
area of By) into contact with a user station U, (of the coverage area of By).

A conventional processing array used in an arbitrary user station is shown
in Fig. 1. At the transmitter end (Fig. 1-A) it comprises in a series combination:
- coding means 10 for coding transmit messages Me and transforming them into
symbols Se of a constellation,
- spread spectrum coding means SSC 12 for codmg the transmit symbols Se,
- and modulating means 14 which modulate a carrier with digital data in the
baseband, which data represent the syrr;bo]s. The transmission is then effected over

channel CHA 16.
The means 10 for coding the message Me comprise in a series

combination:

- analog/digital converter means A/D which may be followed by a source coder
SOUR. COD. 13,

- a channel coder CHAN. COD. 15,

- and an allocation element MAPP 17 for the digital data in a constellation,

This may relate to QAM, QPSK, BPSK or other constellations. The
source coder 13 and the channel coder 15 cannot be used according to the
characteristics of the communication channel. Similarly, the A/D converter 11 and the
source coder 13 cannot be used if the message Me is available in digital form (link 9).
Conversely, the converter is used, for example, in the case of spoken messages for
telephone communications from mobile user stations.

A user smtibn also comprises means for receiving data coming from other
user stations via the base station. Therefore, it also comprises: |
- | demodulating means 24 for extracting the baseband digital data which represent

the received coded symbols Scr,
iThis Sheet Has Been Repl
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of the sequence. Each utilizer has thus his own allocat ed sequence A base
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the use of an equalizer necessary when receiving, which equalizer

‘become conplex wi gecoding gEaRs $§ﬁ;rbe7r for dgseding “Pcﬁ“’éflfsé@f)(ﬂs eﬁmécﬂ%‘é‘gngrom a
multipath e t | at |

P r}ﬁédgl frfo%ﬁ’rg the rE?erE‘& E@éﬁn§rﬁ Bth& J¢ é]‘i’fo‘?mﬂé ‘BS' the Eanng%jl&%

general |y not e sane as the ec rom anot user
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- decoding means 20 for decoding the received messages Mr in response to the

5 received symbols Sr by performing the reverse operations to those performed at the

transmitter end by the coding means 10.

The decoding means 20 comprise, in a series combination, channel
decoding means CHAN DECOD 27, source decoding means SOUR. DECOD 23 and
digital/analog converter means D/A 21. These means exist in the cases where the

10 reverse coding operations have previously been performed at the transmitter end.

The invention basically relates to the modulating means 14 when digital
data are transmitted which represent symbols Se and the demodulating means 24 for
extracting received symbols Sr, whilst means 24 perform at the receiver end the reverse
operations to those performed at the transmitter end.

15 Fig. 2 shows a circuit diagram of a communication system according to
the invention, comprising a base station B and user stations, for example, two stations
U; and U,. Since the user stations have the same transceiver means, only station Uy
will be described in detail hereinafter, it being understood that a transmitting station
'communicates with another station then operating as a receiving station.

20 According to the invention a spread spectrum coding SSC is combined
with a multicarrier orthogonal frequency-division multiplex OFDM modulation. At the
receiver end the reverse operations are performed in a reverse order.

Station Uy comprises coding means 10 which produce symbols Se. These
are then coded in the spread spectrum coding device SSC 12 followed by a multiplexer

25 OFDM 14n and a multicarrier modulator 14m, the digital data being transmitted as has
previously been described.

These data which may be altered by the transmit channel CHA1 arrive at
the base station B as data Pmr. They are demodulated in a demodulator DEMOD

~ 24Bm, then demultiplexed by demultiplexing means OFDM-! 24Bn to produce the

30 received coded symbols Pcr, then a decoding Ssc™! 22B which is the reverse to that

performed at the transmitter end, produces decoded symbols P. These symbols P are in
- their turn recoded at the base station by coding means SSC 12B and multiplexed by a
multiplexer OFDM 14Bn, then relayed via a multicarrier modulator 14Bm. The transmit
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case where the station U, operates as the receiving station of another transmitting

station, This receiving station receives modulated symbols Smr which are demodulated
5 by the demodulator DEMOD 24m and then demultiplexed by a demultiplexer OFDM™ 1

24n which produces received coded symbols Scr, which symbols are then decoded by
decoding means ssc-! 22 which decoding means perform a reverse decoding of the
SSC coding performed at the transmitter end.

_ The base station B receives all the data coming from all the user stations.

10 These data arrive superimposed on those in the same frequency band at the input of the
base station. This base station manages the communications. For this purpose, when a
station Uy is to be put into contact with a station U,, the base station B recodes the
transmit message either with the sequence of the user station for which the message is
iritended, or with the same sequence as that of the transmitting station, and the base

15 station sends to the receiving station the sequence belonging to the transmitting station,
so that the receiving station can decode the messages arriving there through the channel.

Figs. 3 and 4 describe the known spread spectrum coding/decoding
technique implemented by the invention.
Fig. 3 represents a circuit diagram (A) of the principle of the spread

20 spectrum coding SSC used for messages coming from a single source. For this purpose,
a digital symbol Se of the constellation in the baseband and having time period Ts is
multiplied at the transmitter end in a multiplier 30 by a pseudo-random sequence PNi
coming from a periodic sequence generator 32e. The sequence may be invariable for
each user station. In this case the sequence generator may be a memory which

25 permanently stores the sequence PNi. The sequence PNi is formed by a bit sequence of
binary period Tc, where Ts = L.Tc. The parameter L forms the period of the
sequence. L coded symbols Sce at the output of the multiplier 30 correspond to each
symbol Se. This is translated in the frequency domain by a wider band, thus a spread
spectrum. In the conventional techniques the coded symbol Sce is then transmitted as

30 indicated in Fig. 1. At the receiver end, still in the baseband, the received coded
symbol Scr is fed (Fig. 3-B) to a correlator 34 which receives from a generator 32r
either pseudo-random sequence PNi, identical with that used by the transmitting station
which sends the symbol, or its own sequence PNj if the base station has thus re-coded
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data block. A device 54 adds data corresponding to a check interval to this data block
part. This consists of copying certain data.

5 Fig. 11 gives a detailed representation of the mechanisms used for the
construction of an OFDM data block. A symbol Se has a complex value in general. The
first curve represents a state sequence of a symbol Se to be coded. A symbol Se has a
time period Ts. A sequence having various symbols, for example g symbols, is
considered to correspond to a period of time p.Ts.

10 After these symbols Se have passed through the coder SSC 12 (Fig. 2),
they become the coded symbols Sce. A symbol Se thus becomes L symbols Sce. For the
period of time pTs one thus has L. symbols Sce. |

Block 50 (Fig. 5) performs a seriél/parallel conversion and produces in
parallel the L symbols which enter block 52 that performs an N order inverse

15 Fourier transform, so that N = 2k > pL, where k is an integer. Therefore, the uL
symbols are completed by a number of L1 = (N-uL)/2 "0" data on either side of the
input of block 52 (referenced X). If N-uL is odd, the beginning or end of the block
obtains an additional symbol. To allow N symbols to leave afterwards during an interval
pTs, block 52 functions with a shorter period, which is u.Ts/N (referenced Y). The N

20' symbols lm\}ing block 52 are in their turn completed by K¢ symbols, which
corresponds to a check interval A = K5.T’c that forms a protection. The K symbols
corréspond to a copy of the last of the N preceding symbols. These K¢ symbols are
affixed to the N symbols to form a data block of (Kg+N) symbols to be transmitted
(referenced Z). There too the check block 54 works with a still shorter period of time

25 (T’c = uTs/(N+Kg)), so that at a Jater stage, a serial output signal of (Kg+N)
symbols is possible for a duration which is kept equal to uTs. A parallel/serial
converter 56 converts the (Kg+N) symbols to the serial mode. The successive blocks
of (Kg+N) OFDM symbols are then organized in an OFDM frame in a device 58
referenced FRAME. This device 58 adds special symbols 53 (synchronization, wobbling

30 or other symbols) which are used, for example, for synchronizing the transmitter with
the receiver or for estimating the channel. A low-pass filter LPF 59 filters the signals
before they are transmitted by the multicarrier modulator 14m, 14Bm (Fig. 2).

At the receiver end the received modulated symbols Smr are demodulated
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the symbols. The output of the correlator generally ends in a decision circuit 36 which
produces the uncoded received symbol Sr which is an estimate of the transmitted
symbol Se. If the decoding is not a decision decoding, the decision element 36 is not
used. The estimate is then made in the processing stages that follow.

5 Fig. 3 represents the mechanisms used in arbitrary user stations. Fig. 4
represents the mechanisms used in a base station which communicates with these user
stations. |

A base station comprises both a transmitting and a receiving section.

Elements of the transmitting section are diagrammatically shown in Fig. 4-A. Various

10 digital symbols Sg %‘ SL‘;I are to be transmitted. Each of these symbols is
multiplied in the muitiplier 30; ... 3Oj ... 304 respectively, by the pseudo-random
sequence PNj ... PNJ- ... PN respectively, belonging to each user station. All the
outputs are regrouped in a summator 35 to be transmitted viathe modulator through the
channel (Fig. 1). The receiving section is represented diagrammatically in Fig. 4-B. All

15 the messages arrive at the base station and are combined to a symbol sequence to be
decoded Scr. These symbols enter a set of correlators 40; ... 40; ... 40y which receive
the pseudo-random sequences PNj ... PNj ... PN)s respectively, which are identical
with those used at the transmitter end. As described above, the outputs of the

. correlators generally enter the decision elements 42; ... 42j ... 421 respectively, which

20 produce each an estimate Sr1 $’ Sh:[of the transmitted symbols. The base station
may work in two different ways: when it receives a signal coded with a sequence PN;
intended for a user station using a sequence PNj, the base station can either recode the
received message with the sequence PNj used by the receiving station of the message,
or recode the received message with the sequence PN; and transmit to the receiving

25 station the sequence that is to be used for decoding.

Figs. 3 and 4 describe the known technique of spread spectrum coding.

According to the invention this coding is followed at the transmitter end by an
additional multicarrier modulation stage via orthogonal frequency-division multiplexing,
and at the receiver end a stage is included performing reverse operations.

30 Fig. Sisan 'example of a basic circuit diagram of an OFDM multiplexer
14n. The digital data representing the coded transmit symbols Sce, coming from the
coder SSC 12, undergo a serial/parallel conversion in a block 50. The parallel data

enter an N order inverse Fourier transform computation element FFT-1 52 which



codi‘ng sfeque‘nces I's much greater. The transmtted energy is nuch better
f yequency-di vi ded over the channel, which renders this system nore robust
t'o selective fading. Mre- over, the secondary | obes have | ess energy,
whi ch renders the systemless sensitive to interference from adj acent
channel s The conbination of the spread spelftrumtechnique with the
technique of nulticarrier orthogonal frequency- -1 . .
by the demodulator 24m (Fig. 2) and then enter the device OFDM™ 24n, which carries
out a reverse process to that carried out at the transmitter end. The device 24n
comprises in a series combination (Fig. 6):
- a low-pass filter 69
5 - a sampler 63 with a timing 1/T’c,
- a serial/parallel converter 66 which produces N useful signals and which thus
discards the K symbols received during the check interval,
- a calculation element 62 for a direct Fourier transform which produces a
sequence of N symbol blocks.

10 - a parallel/serial converter 60 which processes these pL symbols and produces
the received coded symbols Scr. These symbols Scr enter the decoder SSC_‘1 22, 22B
described before (Fig. 3, Fig. 4-B).

The ends of the N-symbol blocks are waived to save only the central part
which comprises uL symbols.

15 Fig. 12 shows the spectral power density of the transmitted signal plotted
against frequency. Curve 70 corresponds to a conventional spread spectrum system, and
curve 72 corresponds to a system according to the invention, which combines the spread
spectrum techniques with the orthogonal frequency-division multiplexing techniques for
transmission by multicarriers. The horizontal scale corresponds to a baseband frequency

20 F, normalized relative to the useful band of the signal. The vertical scale corresponds to

" the spectral density expressed in dB. It is noted that for a monocarrier system the
spectrum 70 presents maximum energy in the centre, but that the energy decreases very
rapidly in the useful band. In contrast, for a multicarrier system, the spectrum 72 is
rectangular, which shows that the energy transmitted for all the carriers remains

25 constant in the useful band of the signal.j There is thus a better use of the transmit
channel which renders the transmissions more reliable and reduces the complexity of the
receiving circuits. It is noted that the energy outside the useful band is much smaller for
a multicarrier system than for a monocarrier system.

If the channel can be subject to multipath interference, it is desirable to

30 interleave symbols at the transmitter end and de-interleave symbols at the receiver end.

The circuit diagram shown in Fig. 7-A is a modified version of Fig. 5.
Between the device S/P 50 and the device FFT! 52 is inserted an interleaver ENT 51

which interleaves the symbols in accordance with known techniques
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ENT-! 61 which performs the reverse operations to those performed at the transmitter

end.
S The interleaving/de-interleaving operations are not desired, for example,
in the case of direct satellite links.
The circuit diagrams of the OFDM multiplexers shown in Figs. 5 and/or
7-A are used for realising the OFDM multiplexer 14n of a user station and for realising
the OFDM multiplexer 14Bn of a base station.

10 Similarly, the circuit diagrams of the demuitiplexers represented in Figs.
6 and/or 7-B are used for realising the demultiplexer 24n of a user station and for
realising the demultiplexer 24Bn of a base station.

The transmit channels can be subject to fading which alters the received
signals. This fading can occur in the frequency and/or time-division domain. Therefore,

15 it is desirable to perform an automatic gain control at the receiver end.

| Fig. 8 shows a partial circuit diagram of the receiving section of a user
station with automatic gain control AGC. It corresponds to the diagram of Fig. 7 in
which each of the uL signals assigned to each carrier and coming from the de-
interleaver 61 is produced by'an AGC device 63;-63 #I;. When there is no de-interleaver

20 61, the AGC devices are arranged at the output of the block FFT 62.

In a user station it is also possible to perform an aggregate automatic gain
control by inserting an AGC device between the correlator 34 and the decision element
36 of Fig. 3-B.

Fig. 9 shows a partial circuit diagram of the receiving section of a base

25 station with automatic gain control AGC. This circuit diagram corresponds to the circuit
diagram shown in Fig. 4. In this case the better performance is obtained by inserting an
AGC device 651-65) for each user at the output of each correlator 40;-40 so as to
individually correct the imperfections caused by each channel. '

The combination of the spread spectrum coding with a multicarrier

30 modulation by orthogonal frequency-division multiplexing presents various advantages.

It is no longer necessary to perform a synchronization with the beginning
of each sequence at the receiver end as required by the SSC technique when used alone.

Due to the use of a multicarrier modulation, there is a much wider choice



Each user station conprises transmitter means for trans- nmitting to the
base station and neans for decoding only the nessages intended for that

user station. The base station conprises transmtter neans for trans-
mtting to all the user stations and receiver neans for receiving nessages
sent by all the user statlons and man- ell'%ent means for managi ng the
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converter ”?&Béctﬁ@ﬁnt%%ﬁ@lattﬂbﬁrh‘i &h{ non-zerSHRRALSS of the sequences PN used, which is
not the case if the SSC technique is used alone.
The OFDM signals are organized in frames. Since each' user station has
5 its own frame, the synchronization mechanisms at the receiver end are simplified.
Moreover, the use of a check interval per data block makes it possible to do away with
all the uncertainties that could appear no less caused by variable propagation delays
which depend on the distances between transmitter and receiver than caused by delays
owing to multiple paths. Particularly the propagation delays are linked with the
10 coverage area of the base station. It is noted that the existence of the check interval
' makes'it possible to increase this coverage area compared with the conventional SSC
techniques and this without adding to the complexity of the software used. In the case of
the conventional SSC technique one would of necessity need a 6omplex equalizer to
surmount these difficulties.
15 Moreover, according to the invention, the energy is distributed more
uniformly .over the channel, which renders the system more resistant tb fading. The

energy of the secondary lobes is much weaker for a multicarrier system than for a

monocarrier system.
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means for simultaneously applying an inverse Fourier transformto the

synbols to be transnmtted on the plurality of carriers, nmeans for
addi ng protection synmbol s agai nst cchoes, paral |l el / ser i-al—eewer—t—elﬂ———————

. means, means for form ng frames of syrrbol bl ocks and for N0 eplaced
‘special symbol blocks.  The special synbdBs may be syncm‘é ecnReplace
“synbol s, serc\ﬂ!ﬁ%dssynbol s, channel estimation synbols or ot h |>|| Il

1. Multi-user communication system comprising at least a base transceiver
station (B) and a plurality of user transceiver stations (U;, U,) communicating with one
another over transmission channels (CHA1, CHAZ2) via the base station, the system
comprising: |
5 - transforming means (10) for transforming transmit messages'into symbols of a
constellation at the transmitter end and means (20) for performing reverse operations in
each user station at the receiver end,
- coding means (12, 12B) for coding said symbols with a code by spread
spectrum coding at the transmitter end and decoding means (22, 22B) for performing
10 reverse operations at the reveiver end, |
- means for transmitting (14) / receiving (24) coded data over a channel,
characterized in that the means for transmitting (14) / receiving (24) comprise
multicarrier modulating (14n 14m)(14Bn, 14Bm) and demodulating means (24n,
4m)(24Bn, 24Bm) by orthogonal frequency-division multiplexing.
15 2. System as claimed in Claim 1, characterized in that the modulating means
(14n, 14m) (14Bn, 14Bm) comprise:
- input serial/parallel converter means (50) for coded transmit symbols,
- means (52) for simultaneously applying an inverse Fourier transform to the symbols to
be transmitted by the plurality of carriers,
20 - means (54) for adding protection symbols against echoes,
- parallel/serial converter means (56),
- means (58) for forming frames of symbol blocks and for adding special symbol blocks
(53).
3. System as claimed in Claim 2, characterized in that the means (52) for
25 applying an inverse Fourier transform are preceded by time—division/frequency—divisi;m
symbol interleaving means (51).
4, System as claimed in one of the Claims 1 to 3, characterized in that the .
demodulating means (24n, 24m)(24Bn, 24Bm) comprise in a series combination:

* c L M S *

- a sampler (63),




Similarly,

the dempdul at | ng nmeans conpri se: a sanpl er I nput

serial/parallel converter neans for received nodu- | at ed dat a,

10

15

14

- input serial/parallel converter means (66) for received modulated data,

- means (62) for applying a direct Fourier transform to produce said received coded
symbols,

- parallel/serial converter means (60).

5. System as claimed in Claim 4, characterized in that the means (62) for
applying a direct Fourier transform are followed by time—division/'frequency-division
symbol de-interleaving means (61).

6. System as claimed in Claim 4 or 5, characterized in that the demodulating
means (24n, 24Bn) comprise automatic gain control means.

7. System as claimed in Claim 6, characterized in that the automatic gain
control means individually affect the received symbols on each carrier.

8. System as claimed in one of the Claims 1 to 7, the decoding means of the
base station comprising means not spreading the spectrum for each user, characterized

in that the means for not spreading the spectrum are followed by an separate automatic

gain control.
9. User station used in a system as claimed in one of the Claims 1 to 8.
10. Base station used in a system as claimed in one of the Claims 1 to 8.

s Sheet Has Been Replaced'

W

-

) O A




neéns for applying a direct Fourier transformto produce said received
¢oded synbol s, paral | el / serial converter neans. The neans for applying
an inverse Fourier transformcan be preceded by '

ti me-division/frequency-division synbol interleaving nmeans. In that case
the means for applying a direct Fourier td@nsformare foll owed by

ti me-division/ frequency-division synbol de-interleaving neans.. At the
recei ver endBSARACLTseveral automatic gain control nodul e(s) nay be added
for taking signal attenuations into consideration. These nodul es. may be
di sposed .at the receiver end either downstream of the correlator(s) which

MULTI-USER SPREAD SPECTRUM COMMUNICATION SYSTEM

Multi-user communication system which combines means (12, 22) (12B,
22B) that implement the spread spectrum coding technique SSC with means (14n, 24n)
(14Bn, 24Bm) that implement the modulation technique of orthogonal frequency-division
multiplexing OFDM. This makes it possible to inhance the performance of the SSC

5 system by simplifying certain data processing and data acquisition mechanisms.
A preferred use is the use in telephone communication systems between

mobile stations (U, Us) and base stations (B).

Reference: Fig. 2.
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appl i es’ (apply) the pseudo-random sequence(s) useddigg_%bgﬁggngg;gL_Lhe A
tranmtter end, or with each coded nessage assi gne: ach carder at the
out put of the means for applying the direct Fourie&hégﬂgaﬁg@mbenREMG@@ Z
di fferent aspects of the invention and ot her aspects. me

apparent and be explained with respect F t he enbodi n'H‘ U“l“\m! m‘:ri bed

her ei nafter. BRI EF DESCRI PTI ON Cﬁ E DRAW NGS ntion wll
be better understood with the aid of th ol l owi ng Fi gures shown by way of
non-limting exanpl es which represent in: FIG 1: a circuit diagramof a
transcei ver processing
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syste*m functioning in a user station. FIG 2: a general circuit diagram
of* part of a communi- cation system according to the invention. FIG 3A
a circuit diagram (A) of known principle for spread spectrum coding and

FIG 3b an associated decoding circuit diagramoperating in a user station.

FIG 4A: 2 coding diagramand FIG 4B codi ng ci rcuit Tois §hee e
same known principle applied to the b tation. FIG 5
di agram of an OFDM nul tiplexer intended to be used with a

eﬁaced

transm ssion. FIG 6: ajcipegrtydi agr an |OFDM denul t1 pl exer.
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FIG 7A: 2 circuit di agramwith interl.eaving of the synmbots—at—the————
transnmitter end and FIG 7B with de-inter-
Thls Sheet Has Been Replaced
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| eavi n‘g of the symbols at the receiver end. FIG 8: a circuit diagram of
a denmul tiplexer of a user station conprising automati C gai n comtrot- FI G

9: a circuit-diagramof a decoder of a base stati on—hg(y_ﬁgéti,.%g_@geﬁﬂgag@y c

gain control. FIG 10: a general circuit diagram of com
. muni cation system FIG 11: a synhbol distribution dl m&mlﬂmug a
- period of tine [err]Ts. FIG 12: two Vves of the onse of
: a conventional spread spectrum system add’of a system according to the
~ invention. 14n
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DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT FIG 10
synbolically shows a nulti-user communi cation system (U err] Uerr]. .
.Uerr] . . .Uerr]), whe Mis the total nunmber of users. Al the users
comuni cate via two-way links with a base station B. This base station B
serves as a relay to put two user stati I nto communi cation with each
other. A base station has a coverage ar%z. Wth the user stations being a
priori nobile stations, a-user station Uerr] (or several of them can

| eave the coverage area of a baslﬁ station B[err]. In this case another base
station B[err] participates in tf2 management of (63}.1L

> ol AGC
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the communi cations. The two base stations Bl[err], Blerr] then exchange
managenent information signals to put a user station Uerr] (of the
coverage area of B[err]) into contact with a user station Uerr] (of the

coverage area of Bl[err]). A conventional processing array used in an
arbitrary user station is shown in FI At the transmtter end it com
prises in a series conbination; cod means 10 for coding transmt
nessages Me and transforn1ng t hem | to synbols Se of a constellation,
spread spectrum codi ng neans SSC 12 for coding the transmt synbols
Se, ~ and nodul ating nmeans 14 which nodulate a carrier with _
_
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-

digit al” data in the baseband, which data represent the synmbol s. The
transmssion is then effected over channel CHA 16.
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' TH GF RECEIPT..21.......
The invention relafes l‘o a mﬁTt"' USeT c‘o' MMUNIcation system comprising at

Jeast a base transceiver station and a plurality of user transceiver stations

communicating with one another over transmission channels via the base station, the
system comprising:

- transforming means for transforming transmit messages into symbols of a
constellation at the transmitter end and means for performing reverse operations in each
user station at the receiver end,

- coding means for coding said symbols with a code by spread spectrum coding at
the transmitter end and decoding means for performing reverse operations at the
reveiver end,

- means for transmitting/receiving coded data over a channel.

The invention likewise relates to a user transceiver station, more
specifically, either a mobile station ensuring communication by radio links, or a fixed
station communicating by cables, satellites or otherwise. The invention likewise relates
to a base station intended to receive and relay messages with the object of putting

mobile stations into communication with one another.

A communication system among users is to satisfy several criteria and
among these criteria the criterion of confidentiality is easily satisfied. The designers of
such systems are thus oriented at the use of codes for the transmission of transmit
messages. A high-performance coding system is the Code Division Multiple Access
CDMA system. This system presents advantages of confidentiality, robustness to
disturbance, robustness to interference or degradation and can furthermore be easily
dimensioned to any number of users. The principle of the CDMA system consists of
spreading the frequency spectrum. Therefore, a message to be coded; formed by bitﬁ of
elementary length Ts, is multiplied before transmission by a pseudo-random bit
sequence having an elementary length Tc, so that Tc = Ts/L. The parameter L is the
period of the sequence, that is to say, the number'of bits of the sequence. Each utilizer

This is the replacement sheet
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coder 13 cannot be used if the nessage M is available in digital—form
link 9). Conversely, the converter is used, for exanple, in the case
spoken nessages for tel ephone communications from nmobile ulHsS “Rep ced
user station also conprises neans for receiving data com ng i

stations via the base station. There- fore, it also conpri se

denodul ati ng neans 24 for extracting the 2oaseband di gi tal data V\/m ch
represent the received coded synbols s SSClerr.] 22
foF " Gecodi e thus Bisvas oA sehvence A bass SURBIBAIG e SRESDERRT SEMITe

the reversg,m al the users, decodes them and then recodes them and relays them to all the users.
The base station generates the communications, that is to say, it enables a user and that
user alone to decode a message intended for him. Such a system makes the use of an
equalizer necessary when receiving, which equalizer may become complex with a rising
number of users. In effect, when echoes from a multipath environment occur, the
echoes relating to a user’s channel will generally not be the same as the echoes from -
another user’s channel. The real perfdrmance of such a system is thus limited. On the
other hand, it is necessary to synchronize the receiver with the beginning of each
sequence, so that the received message can be decoded, which often forms a problem.
Such a system is described, for example, in the book by J.G. PROAKIS,
: "Digital Communications”, chapter 8, pp. 800-817, published by McGraw-Hill Book
Company (1989), New York. '

It is an object of the invention to enhance the transmission reliability and
capacity in the communications among users. |

An additional object is to maintain reduced complexity in the system
whilst its performance is enhanced.

These objects are achieved with the communication system defined in the
opening paragraph, in which the transceiver means comprise multicarrier modulating
and demodulating means by orthogonal frequency-division multiplexing. '

Thus, advantageously an equalizer for equalizing the signals which have
been subject to echoes caused by a multipath environment need no longer be used at the
receiver end. In effect, when organizing the modulated signal in the form of successive
frames which are constituted by blocks comprising check intervals, it is possible to
absorb all the delays caused by multiple paths. Neither are there any problems of
synchronization with the beginning of each coding sequence, because all the
synchronization mechanisms are derived from those used by the orthogonal frequency-
division multiplexing. The choice and the number of coding sequences is much greater.
The transmitted energy is much better frequency-divided over the channel, which
renders this system more robust to selective fading. 'Moreover, the secondary lobes have
less energy, which renders the system less sensitive to interference from adjacent

channels. The combination of the spread- spectrum technique with the technique of
. This is the raplacement shee
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operations to those: perforned by the coding neans 12, decodi ng neans 20
fror decodi ng tTnE SheeHasBleiReplagHAS M in response to the received
synbol s Sr by pe t he reverse operations to those perforned
at the trant t he codi ng neans 10. The decodi ng neans 20
conprise, in as [ tion, channel decodi ng means CHAN DECOD 27,
sour ce decodi ng neans SOUR. DECOD 23 and 3igital/anal og converter neans D/ A

21. These neans exist in the cases where the reverse codi ng operations have
pr evi ous| ymydtisargies orghagenalafrequeacy-division muitipleyiog (OFPRE) ﬁhméﬁngbnomsu cally

relates topL e gLl AGhiEARS

A system according to the invention is formed by user transceiver stations

which may be mobile, and at least a base station which is fixed. The base station covers
what is referred to as a cell, that is to say, it has a certain operating range. Beyond this
operating range there is another base station which takes over the relay when the mobile
station has left the boundaries of the cell. Advantageously, due to the invention, one cell
can have a larger size whereas, previously, the increase of the size required enhanced

complexity of the equalizer.

Each user station comprises transmitter means for transmitting to the base
station and means for decoding only the messages intended for that user station.

The base station comprises transmitter means for transmitting to all the
user stations and receiver means for receiving messages sent by all the user stations and
management means for managing the communications traffic among the user stations.

In a user station or a base station the modulating means comprise:

- input serial/parallel converter means for coded transmit symbols,

- means for simultaneously applying an inverse Fourier transform to the symbols to be
transmitted on the plurality of carriers,

- means for adding protection symbols against echoes,

- parallel/serial converter means, ' _

- means for forming frames of symbol blocks and for adding special symbol blocks.

The special symbols may be synchronization symbols, service symbols,
channel estimation symbols or other symbols. |

Similarly, the demodulating means cbmprise:

- a sampler
- input serial/parallel converter means for received modulated data,
- means for applying a direct Fourier transform to produce said received coded
symbols, '
- parallel/serial converter means.
| The means for applying an inverse Fourier transform can be preceded by
time-division/frequency-division symbol interleaving means. In that case the means for
applying a direct Fourier transform are followed by time-division / frequency-division

symbol de-interleaving means. This is the replacement sheet
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14 \;\,hen digital data are transmtted which represent sym bels—Se _and the
denodul ati ng nmeans 24 for extracting received synbols Sr. 'Jéﬁ means 24

performat the receiver end the reverse operations to those mt,mi’fminrrmaced

the trans- mtter end.
At the receiver end one or several automatic gain control module(s) may

be added for taking signal attenuations into consideration. These modules may be
disposed at the receiver end either downstream of the correlator(s) which applies (apply)
the pseudo-random sequence(s) used for the coding at the transmitter end, or with each
coded message assigned to each carrier at the output of the means for applying the

direct Fourier transform.
These different aspects of the invention and other aspects too will become

apparent and be explained with respect to the embodiments to be described hereinafter.

_ The invention will be better understood with the aid of the following
Figures shown by way of non-limiting examples which represent in:

Fig. I: a circuit diagram of a transceiver processing system functioning in
a user station. '

Fig. 2: a general circuit diagram of part of a communication system
according to the invention.

Fig. 3: a circuit diagram (A) of known principle for spread spectrum
coding and an associated decoding circuit diagram (B) operating in a user station.

| Fig. 4: two coding (A) and decoding (B) circuit diagrams of the same

known principle applied to the base station.

Fig. 5: a circuit diagram of an OFDM multiplexer intended to be used
with a multicarrier transmission. _

Fig. 6: a circuit diagram of an OFDM demultiplexer.

Fig. 7: two circuit diagrams with interleaving of the symbols at the
transmitter end and de-interleaving of the symbols at the receiver end.

Fig. 8: a circuit diagram of a demultiplexer of a user station comprising
automatic gain control. |

Fig. 9: a circuit diagram of a decoder of a base station comprising
automatic gain control.

Fig. 10: a general circuit diagram of a multi-user communication system.

Fig. 11: a symbol distribution diagram covering a period of time uTs.

Fig. 12: two curves of the frequency response of a conventional spread

spectrum system and of a system according to the invention.
' This is the replacement sheet
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FIG 2 shows a ciTcuit di agram of a comuni cation system according to the
isnvention, conpri:FhifgGheet HasBeahiRdplasad B and user stations, for exanple, two
stations Uerr] and t he user stations have the sane
transcei ver neans, oltﬂﬂl err] will be described in detail
hereinafter, it being understood that a transmitti-ng station communi cates

with another station then operating as a 8eceiving station. According to .

the invention a spread spectrum coding SSC i s conmbined with a nulticarrier
or te hogonal f requeﬁcyﬁ& \}B_symbohcally sho%vs a multi-user communication system (U, U,

.« Uy .... Upg), where M is the total number of users. All the users communicate via

two-way links with a base station B. This base station B serves as a relay to put two
user stations into communication with each other. A base station has a coverage area.
‘With the user stations being a priori mobile stations, a user station U, (or several of
them) can leave the coverage area of a base station By. In this case another base station
B, participates in the management of the communications. The two base stations By, B,
then exchange management information signals to put a user station U; (of the coverage
area of By) into contact with a user station U, (of the coverage area of B,).

A conventional processing array used in an arbitrary user station is shown
in Fig. 1. At the transmitter end (Fig. 1-A) it comprises in a series combination:

- coding means 10 for coding transmit messages Me and transforming them into
symbols Se of a constellation, | '
- spread spectrum coding means SSC 12 for coding the transmit symbols Se,
- and modulating means 14 which modulate a carrier with digital data in the
baseband, which data represent the syrr;bols. The transmission is then effected over
channel CHA 16.

| The means 10 for coding the message Me comprise in a series
combination;
- analog/digital converter means A/D which may be followed by a source coder
SOUR. COD. 13, _
- a channel coder CHAN. COD. 15,
- and an allocation element MAPP 17 for the digital data in a constellation.

This may relate to QAM, QPSK, BPSK or other constellations. The
source coder 13 and the channel coder 15 cannot be used according to the
characteristics of the communication channel. Similarly, the A/D converter 11 and the
source coder 13 cannot be used if the message Me is available in digital form (link 9).
Conversely, the converter is uséd, for example, in the case of spoken messages for
telephone communications from mobile user stations. _

A user station aiso comprises means for receiving data coming from other
user stations via the base station. Thereforé, it also comprises:
- demodulating means 24 for extracting the baseband digital data which repfesent

the received coded symbols Scr, o ' This is the replacement sheet
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sion nul tipl ex OFDM nodul ation. At the recei ver end The reverse operations
are perfornmed in a reverse order. Station H[,ggﬁ&etqgggéé,ﬁu[meding nmeans

10 which produce synbols Sc. These are then co ad spectrum
codi ng device SSC 12 followed by a multipl ex‘er

mul ticarrier
nodul ator 14m the digital data being trapsmtt I ously been

descri bed. These data which nay be alteFed by the transmt channel CHAL

arrive at the base Iatlon ta Pnr. .They a dy ated jin

dermdul at o D EtsSe 2 Or dEpasinz oG sURPR s G e

ggg[l\/[ er ]r 1 2f8hs b9 pEffermﬁlchﬁe E‘é\%rieeﬁ%rﬂ%squﬁ&e%mﬁhéd Bg ithe Eding ted@s 0di Ng
err

- decoding means 20 for decoding the received messages Mr in response to the
received symbols Sr by performing the reverse operations to those performed at the
transmitter end by the coding means 10. .

The decoding means 20 comprise, in a series combination, channel
decoding means CHAN DECOD 27, source decoding means SOUR. DECOD 23 and
digital/analog converter means D/A 21. These means exist in the cases where the
reverse coding operations have previously been performed at the transmitter end.

The invention basically relates to the modulating means 14 when digital
data are transmitted which represent symbols Se and the demodulating means 24 for
extracting received symbols Sr, whilst means 24 perform at the receiver end the reverse
operations to those performed at the transmitter end.

Fig. 2 shows a circuit diagram of a communication system according to
the invention, comprising a base station B and user stations, for example, two stations
U; and Uj. Since the user stations have the same transceiver means, only station Uj
will be described in detail hereinafter, it being understood that a transmitting station
communicates with another station then operdting as a receiving station.

According to the invention a spread spectrum coding SSC is combined
with a multicarrier'orthogonal frequency-division multiplex OFDM modulation. At the
receiver end the reverse operations are performed in a reverse order.

| Station U; comprises coding means 10 which produce symbols Se. These
are then coded in the spread spectrum coding device SSC 12 followed by a multiplexer
OFDM 14n and a multicarrier modulator 14m, the digital data being transmitted as has
previously been described. |

These data which may be altered by the transmit channel CHA1 arrive at |
the base station B as data Pmr. They are demodulated in a demodulator DEMOD
24Bm, then demultiplexed by demultiplexing means OFDM-! 24Bn to produce the
received coded symbols Pcr, then a decoding SSC™! 22B which is the reverse to that
performed at the transmitter end, produces decoded symbols P. These symbols P are in
their turn recoded at the base station by coding means SSC 12B and multiplexed by a

multiplexer OFDM 14Bn, then relayed via a multicarrier modulator 14Bm. The transmit
: This is the replacement shest
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c2}28‘\(/1\,hich is the reverse to that performed at the transm tTer end, produces
ecoded synbols P. These synbols P are in their turn recodafs &} @éﬁ
station by coding neans SSC 12B and nul ti pl exed by a nulti pI eemé‘s Iaced
then relayed via a nulticarrier nodulator 14Bm The transmt

t hrough a channel CHA2 which may be diff?rent fromthe prece

at another user station Uerr] which acts as a receiving statlon Let us

Comst T RN B AR Ak PS8y T IR
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case where the station Uy operates as the receiving station of another transmitting
station. This receiving station receives modulated symbols Smr which are demodulated
by the demodulator DEMOD 24m and then demultiplexed by a demultiplexer orFpMm’!
24n which produces received coded symbois Scr, which symbols are then decoded by
decoding means ssc-! 22 which decoding means perform a reverse decoding of the
SSC coding performed at the transmitter end. |

The basé station B receives all the data coming from all the user stations.

These data arrive superimposed on those in the same frequency band at the input of the
base station. This base station manages the communications. For this purpose, when a
station Uy is to be put into contact with a station U,, the base station B recodes the
transmit message either with the sequence of the user station for which the message is
intended, or with the same sequence as that of the transmitting station, and the base
station sends to the receiving station the sequence belonging to the transmitting station,
so that the receiving station can decode the messages arriving there through the channel.

Figs. 3 and 4 describe the known spread spectrum coding/decoding
technique implemented by the invention.

Fig. 3 represents a circuit diagram (A) of the principle of the spread
spectrum coding SSC used for messages coming from a single source. For this purpose,
a digital symbol Se of the constellation in the baseband and having time period Ts is
multiplied at the transmitter end in a mulﬁplier 30 by a pseudo-random sequence PNi
coming from a periodic sequence generator 32e. The sequence may be invariable for
each user station. In this case the sequence generator may be a memory which
permanently stores the sequence PNi. The sequence PNi is formed by a bit sequence of
binary period Tc, where Ts = L.Tc. The parameter L forms the period of the
sequence. L coded symbols Sce at the output of the multiplier 30 correspond to each
symbol Se. This is "tlranslated in the frequency domain by a wider band, thus a spread
spectrum. In the conventional techniques the coded symbol Sce is then transmitted as
indicated in Fig. 1. At the receiver end, still in the baseband, the received coded
symbol Scr is fed (Fig. 3-B) to a correlator 34 which receives from a generator 32r
either pseudo-random sequence PNi, identical with that used by the transmitting station

which sends the symbol, or its own sequence PNj if the base station has thus re-coded
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dermul tipl exer OFDM err] 24n whi ch produces recei ved coded synbol s Scr,
whi ch synbol s arraistShest Hie BedeHepaceecodi ng nmeans SSClerr] 22 which decodi ng

means perform a re of the SSC codi ng perforned at the
transmtter end. T n B receives all the data conming from al
t he user stations. rive supefinposed on those in the sane

frequency band at the input of the base station. This base station nmanages

the communjealio YRRt 15? q[ukﬁur%%@%é 9§é&ato""%‘éﬁer§n§‘teﬁ‘&£ i tEGLBA clrduit 96 RehilHt

into conta
produces the uncoded received symbol Sr which is an estimate of the transmitted

symbol Se. If the decoding is not a decision decoding, the decision element 36 is not -
used. The estimate is then made in the processing stages that follow.

Fig. 3 represents the mechanisms used in arbitrary user stations. Fig. 4
represents the mechanisms used in a base station which communicates with these user
stations. o '

A base station comprises both a transmitting and a receiving section.
Elements of the transmitting section are diagrammatically shown in Fig. 4-A. Various
digital symbols Sg %‘ Shg are to be transmitted. Each of these symbols is
multiplied in the multiplier 30, ... 30} ... 30 respectively, by the pseudo-random
sequence PN ... PNj ... PNy respectively, belonging to each user station. All the
outputs are regrouped in a summator 35 to be transmitted viethe modulator through the
channel (Fig. 1). The receiving section is represented diagrammatically in Fig. 4-B. All -
the messages arrive at the base station and are combined to a symbol sequence to be
decoded Scr. These symbols enter a set of correlators 40, ... 40J- .. 40y which feceive
the pseudo-random sequences PNj ... PNj ... PN)\s respectively, which are identical
with those used at the transmitter end. As described above, the outputs of the

- correlators generally enter the decision élements 42 ... 42j ... 421 respectively, which
produce each an estimate Srl... §J Shfof the transmitted symbols. The base station

-may work in two different ways: when it receives a signal coded with a sequence PN;-
intended for a user station using a Sequence PNj, the base station can either recode the
received message with the sequence PNj used by the receiving station of the message,
or recode the received message with the sequence PN; and transmit to the receiving
station the sequence that is to be used for decoding.

Figs. 3 and 4 describe the known technique of spread spectrum coding.

“ According to the invention this coding is followed at the transmitter end by an
additional multicarrier modulation stage via orthogonal frequency-division multiplexing,
and at the receiver end a stage is included performing reverse operations.

Fig. 5 is an example of a basic circuit diagram of an OFDM multiplexer
14n. The digital data representing the coded transmit symbols Sce, coming from the
coder SSC 12, undergo a serial/parallel conversion in a block 50. The parallel data

enter an N order inverse Fourier transform computation element FP’I“_l 52 which
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the\bas_e station B recodes the transmt nessage either with

4This Sheet Has Been Rep
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At a given instant the N parallel output signals form part of an OFDM
data block. A device 54 adds data corresponding to a check interval to this data block

9

part. This consists of copying certain data.

Fig. 11 gives a detailed representation of the mechanisms used for the
construction of an OFDM data block. A symbol Se has a complex value in general. The
first curve represents a state sequence of a symbol Se to be coded. A symbol Se has a-
time period Ts. A sequence having various symbols, for example x symbols, is
considered to correspond to a period of time u.Ts. _

After these symbols Se have passed through the coder SSC 12 (Fig. 2),
they become the coded symbols Sce. A symbol Se thus becomes L symbols Sce. For the
period of time uTs one thus has xL symbols Sce.

Block 50 (Fig. 5) performs a serial/parallel conversion and produces in
parallel the pL symbols which enter block 52 that performs an N order inverse
Fourier transform, so that N = 2k > pL, where k is an integer. Theref'ore, the uL
symbols are completed by a number of L1 = (N-xL)/2 "0" data on either side of the
input of block 52 (referenced X). If N-uL is odd, the beginning or end of the block |
obtains an additional symbol. To allow N symbols to leave afterwards during an interval
pTs, block 52 functions with a shorter period, which is u.Ts/N (referenced Y). The N
symbols leaving block 52 are in their turn completed by K¢ symbols, which
corresponds to a check interval A = Kg.T’c that forms a protection. The Kg symbols
corréspond to a copy of the last of the N preceding symbols. These K5 symbols are
affixed to the N symbols to form a data block of (Xg+N) symbols to be transmitted
(referenced Z). There too the check block 54 works with a still shorter period of time
(T'c = uTs/(N+Kg)), so that at a later stage, a serial output signal of (Kg+N)
symbols is possible for a duration which is kept equal to uTs. A parallel/serial
converter 56 converts the (K5+N) symbols to the serial mode. The successive blocks
of (Kg+N) OFDM symbols are then organized in an OFDM frame in a device 58
referenced FRAME. This device 58 adds special symbbls 53 (synchronization, wobbling

“or other symbols) which are used, for example, for synchronizing the transmitter with
the receiver or for estimating the channel. A low-pass filter LPF 59 filters-the signals
before they are transmitted by the multicarrier modulator 14m, 14Bm (Fig. 2).
At the receiver end the received modulated symbols Smr are demodulated
' . This is thg. replacement sheet
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the sequence of the user station for which the rressa e |s |n en ed, or with

t:he sane sequence as that of the transmt- |t base
station sends to the receiving station the seq to t he
.transmtting station, so that the receiving st e t he nessages
arriving there through the channel. FIGS 3 and 4 descrlbe t he known

spread spectrum codi ng/ decodi ng techni que¥i npl emented by the invention.

FIG 3 f h
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comprises in a series combination (Fig. 6):
- a low-pass filter 69
- a sampler 63 with a timing 1/T’c,
- a serial/parallel converter 66 which produces N useful signals and which thus
discards the K5 symbols received during the check interval,
- a calculation element 62 for a direct Fourier transform which produces a
sequence of N symbol blocks.
- a parallel/serial converter 60 which processes these uL symbols and produces
the received coded symbols Scr These symbols Scr enter the decoder ssc! 22, 22B
described before (Fig. 3, F1g 4-B). _ _

The ends of the N-symbol blocks are waived to save only the central part
which comprises pL symbols. | '

Fig. 12 shows the spectral power density of the transmitted signal plotted
against frequency. Curve 70 corresponds to a conventional spread spectrum system, and
curve 72 corresponds to a system according to the invention, which combines the spread
spectrum techniques with the orthogonal frequency-division multiplexing techniques for
transmission by multicarriers. The horizontal scale corresponds to a baseband frequency
F, normalized relative to the useful band of the signal. The vertical scale corresponds to
the spectral density expressed in dB. It is noted that for a monocarrier system the
spectrum 70 presents maximum energy in the centre, but that the energj decreases very
rapidly in the useful band. In contrast, for a multicarrier system, the spectrum 72 is
rectangular, which shows that the energy transmitted for all the carriers remains
constant in the useful band of the signal. There is thus a better use of the transmit
channel which renders the transmissions more reliable and reduces the complexity of the
receiving circuits. It is noted that the energy outside the useﬁxl_ band is much smaller for
a multicarrier system than for a monocarrier system.

If the channel can be subject to multipath interference, it is desirable to
interleave symbols at the transmitter end and de-interleave symbols at the receiver end.
_ The circuit diagram shown in Fig. 7-A is a modified version -of Fig. §.
Between the device S/P 50 and the device FFT"! 52 is inserted an interleaver ENT 51

which interleaves the symbols in accordance with known techniques. .
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Ts is nultiplied at the transmtter end in a nultiplier 30 by a
pseudo-random sequence PN coming froma perﬂbdﬁme@
The sequence may be invariable for each user st case the
sequence generator may be a nenory which pernan he seqguence
PNi . The sequence PN is formed by a bit sequence of |nary period Tc,
where Ts=L. Tc. The paraneter L forns thelberlod of the sequence. L coded

nbols S t th tp f th ILti - 30. d t h synbol
s e frant aRARcAle e gt e R Slor b EenTahrs b i v S
spread spegt Fgmg B 2R thOA¥ABE IFRTE62 hed tHel divre H/RESCRARG M Hh@-intGRal &

then transmt as indicated in FIG 1. At the receiver
ENT-! 61 which performs the reverse operations to those performed at the transmitter

ator 32e.

end.

The interleaving/de—intel;leaving operations are not desired, for example,
in the case of direct satellite links. '

The circuit diagrams of the OFDM muiltiplexers shown in Figs. 5 and/or-
7-A are used for realising the OFDM multiplexer 14n of a user station and for realising
the OFDM multiplexer 14Bn of a base station. |

Similarly, the circuit diagrams of the demulup]exers represented in Figs.
6 and/or 7-B are used for realising the demultiplexer 24n of a user station and for
realising the demultiplexer 24Bn of a base station.

The transmit channels can be subject to fading which alters the received
signals. This fading can occur in the frequency and/or time-division domain. Therefore,
it is desirable to perform an automatic gain control at the receiver end. .

Fig. 8 shows a partial circuit diagram of the receiving section of a user
station with automatic gain control AGC. It corresponds to the diagram of Fig. 7 in
which each of the pL signals assigned to each carrier and coming from the de-
interleaver 61 is produced by an AGC device 63-63 uL When there is no de-interleaver
61, the AGC devices are arranged at the output of the block FFT 62.

In a user station it is also possible to perform an aggregate automatic gain
control by inserting an AGC device between the correlator 34 and the decision element
36 of Fig. 3-B.

Fig. 9 shows a partial circuit diagram of the receiving section of a base

~ station with automatic gain control AGC. This circuit diagram corresponds to the circuit
diagram shown in Fig. 4. In this case the better performance is obtained by inserting an
AGC device 65-65)4 for each user at the output of each correlator 40,-40,4 so as to
individually correct the imperfections caused by each channel.

The combination of the spread spectrum coding with a multicarrier
modulation by orthogonal frequency-division multiplexing presents vanous advantages

It is no longer necessary to perform a synchronization with the beginning
of each sequence at the receiver end as required by the SSC technique when used alone.

Due to the use of a multicarrier modulation, there is a much wider choice
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end, still in the baseband, the received coded synbol Scr is fed (FIG 3-B)
to a correlator 34 which receives froma generator 32r either pseudo-random
sequence PNi, identical with that used by the transmtting station which
sends the synbol, or its own sequence PNy if the base station has thus
- re-coded the synbols. The output of the correlator generally ends in a
decision circuit 36 which produces the uncoded received synbol Sr which is
an estimate of the transmtted. synbol Sg2 If the decoding is not a
deci si on decodi ng, the decision elenment 36 is not used. The estimate is
then made ofmthelseptoorandsmngqudnaes dntefifect, fiolsl panmittedtoChavd di ffgrieacesnvish t he
mechani sns used in arbitrary user

respect to intercorrelation at any non-zero instants, of the sequences PN used, which is .

not the case if the SSC technique is used alone.

The OFDM signals are organized in frames. Since each user station has

its own frame, the synchronization mechanisms at the receiver end are simplified.

Moreover, the use of a check interval per data block makes it possible to do away with

all the uncertainties that could appear no less caused by variable propagation delays

which depend on the distances between transmitter and receiver than caused by delays

owing to multiple paths. Particularly the propagation delays are linked with the

coverage area of the base station. It is noted that the existence of the check interval

makes it possible to increase this coverage area compared with the conventional SSC

techniques and this without adding to the complexity of the software used. In the case of

the conventional SSC technique one would of necessity need a complex equalizer to

surmount these difficulties.

Moreover, according to the invention, the energy is distributed more
uniformly over the channel, which renders the system more resistant to fading. The
energy of the secondary lobes is much weaker for a multicarrier system than for a

monocarrier system,
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st ati ons.

FIG 4 represents the nmechanisns used in a base station which

communi cates with these user stations.

13 ‘\This Sheet Has:Been Replaced
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1. Multi-user communication system comprising at least a base transceiver
station (B) and a plurality of user transceiver stations (U, U,) communicating with one
another over transmission channels (CHA1, CHA2) via the base station, the system
comprising: |

- transforming means (10) for transforming transmit messages into symbols of a
constellation at the transmitter end and means (20) for performing reverse operations in
each user station at the receiver end,

- coding means (12, 12B) for coding said symbols with a code by spread
spectrum coding at the transmitter end and decoding means (22, 22B) for performing
reverse operations at the reveiver end,

- means for transmitting (14) / receiving (24) coded data over a channel,
characterized in that the means for transmitting (14) / receiving (24) comprise
multicarrier modulating (14n 14m)(14Bn, 14Bm) and demodulating means (24n,
4m)(24Bn, 24Bm) by orthogonal frequency-division multiplexing. |

2. System as claimed in Claim 1, characterized in that the modulating means
(14n, 14m) (14Bn, 14Bm) comprise: _ |

- input serial/parallel converter means (50) for coded transmit symbols,

- means (52) for simultaneously applying an inverse Fourier transform to the symbols to
be transmitted by the plurality of carriers,

- means (54) for adding protection symbols against echoes,

- parallel/serial converter means (56),

- means (58) for forming frames of symbol blocks and for adding special symbol blocks
(53). '

3. System as claimed in Claim 2, characterized in that the means (52) for
applying an inverse Fourier transform aré preceded by time-division/frequency-division
symbol interleaving means (51).

4, System as claimed in one of the Claims 1 to 3, characterized-in that the

demodulating means (24n, 24m)(24Bn, 24Bm) comprise in a series combination:

- a sampler (63),
This is the replacement shee
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A base station conprises both a transmtting and a receiv- ing section.
El enents of the transmtting section are dia- grammatically shown in FIG

4-A. Various digital synmbols S[err] .. Slerr] . . S[lerr] are to be

transmtted. Each of these synbols is multiplied in the nultiplier 30[err]
30[err] . . 30[err] respectively, by the pseudo-random sequence PN err]
PN[err] . . . PNerr] respectively, belonging to each user station.

Al'l the outputs are regrouped in a summatigr 35 to be transmtted via the
nodul ator through the channel (FIG 1). The receiving section is
r epr esent edinpubériulipatallentonverter eans (663 for\teceivbd modulated data,

- means (62) for applying a direct Fourier transform to produce said received coded
symbols,

- parallel/serial converter means (60).

S. System as claimed in Claim 4, characterized in that the means (62) for
applying a direct Fourier transform are followed by time-division/frequency-division .
symbol de-interleaving means (61). .
6.l System as claimed in Claim 4 or 5, characterized in that the demodulating
‘means (24n, 24Bn) comprise automatic gain control means.

7. System as claimed in Claim 6, characterized in that the automatic gain
control rﬁeans individually affect the received symbols on each carrier.

8. System as claimed in one of the Claims 1 to 7, the decoding means of the
base station comprising means not spreading the spectrum for each user, characterized

in that the means for not spreading the spectrum are followed by an separate automatic

gain control.
S. User station used in a system as claimed in one of the Claims 1 to 8.
10. Base station used in a system as claimed in one of the Claims 1 to 8.
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messages arrive at the base station and are conmbined to a synbol sequence
to be decoded Scr. These synbols enter a set of correlators 40[er]
40[err] ... 40[err] which receive the pseudo-random sequences PN err] . . .
PN[err] ... PN err] respec- tively, which are identical wth those used at
the transmtter end. As described above, the outputs of the correlators
generally enter the decision elenents 42[err] .. 42[err] . . 42[err]
respectively, which produce each an estinidte S[err].,. Serr] .. Shd
[err]. .. of the transmitted synbols. The base statlon may work in two
dlfferent\&£ETR$ﬁEn it receives a signal coded with a sequence PN err]
I ntended for a user station using a sequence PN err], the base station can
ei ther recode the

MULTI-USER SPREAD SPECTRUM COMMUNICATION SYSTEM

Multi-user communication system which combines means (12, 22) (12B,
22B) that implement the spread spectrum coding technique SSC with means (14n, 24n)
(14Bn, 24Bm) that implement the modulation technique of orthogonal frequency-division
multiplexing OFDM. This makes it possible to inhance the performance of the SSC
system by simplifying certain data processing and data acquisition mechanisms.

A preferred use is the use in telephone communication systems between

mobile stations (U, U,) and base stations (B).

Reference: Fig. 2.
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recei ved nessage with the sequence PN[err] used by the receiv- ing station
of the message, or recode the received message with the_sequence PN err]
and transmt to the receiving station the sequence that is to be used for

decodi ng. FIGS. 3 and 4 describe the known techni que Thie Bes Benla
coding. According to the invention this_coding is foll oweH wITJII

transmtter end by an additional nul tTchrfier nodul ation

ort hogonal frequency-division nulti- .plexing, and at the receiver
stage is included perform ing reverse operations. FIG 5 is an exanple
of a basic circuit diagramof an OFDM.nultiplexer 14n. The digital data
representing the

L £
] =

<<
-
T S| < |
L ~ l
< Q |
X
o -/ T [
O
= < l —
Uslgall y
v Q T
A —_
A .
a ~
= O
S| a 5w
 a Yo
<
= 3
‘__’\_4
m AEn——
A
w 1
U pr =) o~ A
o o~ I
o
J
[ A
oA
- I
b= =
m ' o
Uzal z M
.':)O (Y3 .
au | Q o~
|1 =
| W
T I [
= RS <
y 2 I r |~
< | - o)
A )
¥y !
s This is the replaceinent sheet

Date: ,,,5 FEB 1997



coded transmit synbols Sce, comng fromthe coder SSC .12, undergo a
serial /parallel conversion in a block 50. The parallel data enter an Nerr]
order inverse Fourier transform conputati on el enent FFT[err 52 whi ch

produces N parallel output signals. At a given instarlfhig mﬁiamédmé

out put signals formpart of an OFDM dam bI ock. A device 5
cor r espond- 2
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copyi ng certain data.

10 ing to a check interval to this data bl ock part.
. FIG 11 gives a detailed representationof the
mechani snms used for the construction of an OFDM dat a bI ck A synbol Se has
a conpl ex val ue in general

a synbol Se to be coded. A synbol® Se

The first curve represents

Thi s consi sts of
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has a time period Ts. A sequence having various synbols, for exanple [err]
synbols, is considered to correspond to a period of tinme [err]LTs. After
t hese synbols Se have passed through the coder SSC 12 (FIG 2), they becone
t he coded synbols Sce. A synbol Se thus becones L sy mbol STHBSheeFHas Bérn Replaced
period of time [err] Ts one thus has [err]L synbols Sce

5) perforns a serial/parallel conversi roft and produces in par

[err]L, symbols which enter block 52 that perforns an N err] "order inverse .
Fourier transform so that N=2[err]L, where k is an integer. Therefore, the
[err]L synbols are conpl eted by qLHunber of L1=(N-[err]L)/2 "O"

52 5L 56
0
X _D_(i\ | \ ) 85
—K—*TC o R T T R §
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- data on either side of the input of block 52 (referenced X). If N[err]L is
odd, the beginning or end of the block obtains an additional synbol. To
allow N synbols to | eave afterwards during an interval [ eiThisBbeetitlasBeenRe laced
functions with a shorter period, which is [err].Ts/N (refere

synbol s | eaving block 52 are in their turn conpleted by Kfer

whi ch corresponds to a check interval ‘[ér ]=Klerr]. T c that torns a
protection. The Klerr] synbols correspond to a copy of the last of the N
precedi ng synbols. These Klerr] synbols are affixed to the N synbols to
forma data block of (K[ err]+N) h%nbol s to be tranﬁghleed (referenced 2).

There too. the check bl ock—54—wgrAks mith g still r period of tine
fie e \ AGC |
_5. FFT I~ ENT :l AGC _.P/S — Scr
o . L AGCHs P60 |
N ! . g :
. L
62’ PR FIG. 8
PN1 —> 1
RR AGC |—» — Sr
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(Te=[err]tTs/(N+tKG), so that at a |later stage, a serial output signal of

(K[err]+N) synbols is possible for a duration V\/m

[err]Ts. A parallel/serial.converter 56 converts Kl hk gé\gn s to

the serial node. The successive bl ocks of (KG+N) F@bﬂﬁg

organi zed in an OFDM frane in a device 58 reference evi ce 58
wob- bli ng I S)

adds speci al
whi ch are used,
receiver or for esti-
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11 At the receiver end the received nodul at ed synbol s Snr are denodul at ed
by the denodul ator 24m (FIG 2) and then enter the device OFDM err] 24n,
which carries out a reverse
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process to that carried out at the transmtter end. The device 24n
corprises in a series conbination (FIG 6):

sanpler 63 with

produces N usef ul

recei ved during

Fourier transform

paral |l el / seri al

produces the received coded synbols Scr.

decoder SSC[ err]

os3q¢ 29 o5

a
a serial/para
signals and-which thus di$§
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converter 60 which processes the

atimng 1/ T c,

e-!y "'Q_ .,V

b sini
’[;IS”?J;J B
L

éf"r@ t ﬁ'é‘wf*

groy

22, 22B

OW- REbra (Ecl"(!ﬁFﬁZ stm_,fﬁ

j3cahzhels SR

) g B | B

e PRseY bdP PR T
e syrrbols Scr enter ‘the
“5'1" RECEIPT ..

220499

5
Thes
1

MULTI-USER SPREAD SPECTRUM
COMMUNICATION SYSTEM

BACKGROUND OF THE INVENTION

The invention relates to a multi-user communication
system comprising at least a base transceiver station and a
plurality of user transceiver stations communicating with -
one other over transmission channels via the base station, the
systcm comprising:

tansformmg means for transforming transmit messages

into symbols of a constellation at the transmitter end

and means for performing reverse operations in each
user station at the receiver end,

coding means for coding said symbols with a ¢ode by
- spread spectrum coding at the transmitter end and

decoding means for performing reverse operanons at
the reveiver end,

means for transmitting/receiving coded data over a chan-
nel,

- ‘The invention likewise relates to a user transceiver sta-
tion, more specifically, either a mobilc station ensuring
communication by radio links, or a fixed station communi-
cating by cables, satellites or otherwise. The invention
likewise relates to a base station intended and relay mcs-
sages with the object of putting mobile stations into com-
munication with one another.

A communication syslern among users is to satisfy sevefal
criteria and among these criteria the criterion of confiden-
tiality is easily satisfied. The designers of such systems are
thus oriented at the use of codes for the transmission of
transmit messages. A high-performance coding system is the
Code Division Multiple Access CDMA system. This system
presents advantages of confidentiality, robustness to distur-
bance, robustness to interference or degradation and can
furthermore be easily dimensioned to any number of users.
The principle of the CDMA system consists of spreading the
frequency spectrum. Therefore, a message to be coded,
formed by bits of elementary length Ts, is multiplied before
transmission by a pscudo-random bit sequence having an
elementary length Tc, so that Te=Tw1.. The parameter L is
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described before (FIG 3, FIG 4-B). The ends of the N-synbol bl ocks are
wai ved to save only the central part which conprises [err]L synbols. FI G
12 shows .the spectral power density of the trans- mtted signal plotted
agai nst frequency. Curve 70 corre- sponds to a conventional spread spectrum
system and curve 72 corresponds to a system according to the invention,

whi ch conbi nes the spread spectrumtechM ques with the orthogonal

f requency-di vi si on thel periocef the sequence;ubat o sayathemumben obpits :
mul ticarriers. The §pthd @8ingénceC HRhC@iiliZr By tilss his swhraRbeaddf r equency
Flerr] normalized rgliidnge A%bast $tatiif fdceiR8Ihe coliBd mtdages cdif vertical
scal e corresponds tHo fom all the users, decodes them and then recodes them
and relays them to all the users. The base station generates
the communications, that is to say, it enables a user and that
user alone to decode a message intended for him. Such a
system makes the use of an egualizer necessary when
receiving, which equalizer may becomc complex with a -
rising number of users. In effect, when echoes from a
multipath environment occur, the echoes relating to a user’s
channe] will generally not be the same as the echoes from
another user’s channel. The real performance of such a
system is thus limited. On the other hand, it is necessary to
“synchronize the receiver with the beginning of each
sequence, so that the received message can be decoded,
which often forms a problem. '
Such a system is described, for example, in the book by
J. G. PROAKIS, ‘“Digital Communications”, chapter 8, pp.
800-817, published by McGraw-Hill Book Company
(1989), New York.

SUMMARY OF THE INVENTION

It is an object of the invention to enhance the transmission
reliability and capacity in the communications among users.

An additional object is to maintain reduced complexity in
the system whilst its performance is enhanced.

These objects are achieved with the communication sys-
tem defined in the opening paragraph, in which the trans-
ceiver means comprise multicarrier modulating and
demodulating means by orthogonal frequency-division mul-
tiplexing. ' -

Thus, advantagcously an equalizer for equalizing the
signals which have been subject to echoes caused by a
multipath environment need no longer be used at the
receiver end. In effect, when organizing the modulated
signal in the form of successive frames which are constituted
by blocks comprising check intervals, it is possible to absorb
all the delays caused by multiple paths. Neither are there any
problems of synchronization with the beginning of each
coding sequence, because all the synchronization mecha-
nisms are derived from those used by the orthogonal fre-
quency-division multiplexing. The choice and the number of
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the spectral density expressed in dB. It is noted that for a nonocarrier
systen1the spectrum 70 presents maxi nrumenergy in the centre, but that the
‘energy decreases very rapidly in the useful band. In contrast, for a

“multicarrier system the spectrum 72 is rectangul ar, which shows that the
energy transmtted for all the carriers remains constant in the useful band
of the signdl. There is thus a better use of the transmt channel which
renders the transm ssions nore reliable and reduces the conplexity of the
receiving circuits. It is noted that dhe energy outside the useful band is

much smaller for gdihsbditinces isHdkRPrbARR T trindRiQAXMEgP#St €M

- much better frequency-divided over the channel, which
renders this system more robust to selective fading. More-
over, the secondary lobes have less energy, which renders

the system less sensitive to interference from adjacent
channels. The combination of the spread spectrum technique

with the technique of multicarricr orthogonal frequency-
division multiplexing (OFDM) thus brings novel perfor- -
mance and advantages.

A system according to the invention is formed by user
transceiver stations which may be mobile, and at least a base
station which is fixed. The base station covers what is
referred to as a cell, that is to say, it- has a certain operating
range. Beyond this operating range there is another base
station which takes over the relay when the mobile station
has left the boundaries of the cell. Advantageously, due to
the invention, one cell can have a larger size wheresas,
previously, the increase of the size required cnbanced com-
plexity of the equalizer. '

Each user station comprises transmitter means for trans-
mitting to the base station and means for decoding only the
messages intended for that user station.

The base station comprises transmitter means for trans-

‘mitting to all the user stations and receiver means for
receiving messages sent by all the user stations and man-

agement means for managing the communications traﬁc
among the uscr stations.
In a user station or a base station the modulating means
comprise:
input serial/paralle] converter means for coded transmxt_;
symbols,
means for simultaneously applying an inverse Fourier
transform to the symbols to be transmitted on the
plurality of carriers, _
means for adding protection symbols against cchoes,
parallel/serial convertcr means, |

means for forming frames of symbol blocks and for
- adding special symbol blocks.
The special symbols may be synchronization symbols,
service symbols, channcl estimation symbols or other sym-
bols.
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I f the channel can be subject to nmultipath interference, it is desirable to
interl eave synbols at the transmtter end and de-interleave synbols at the
recei ver end. The circuit diagramshown in FIG 7-Ais a nodified
version of FIG 5. Between the device S/P 50 and the device

4 .
Similarly, the demodulating means comprise:
-a sampler

input sexiallpafallel convener'mmns for received modﬁ-
lated data,

means for applying a direct Fourier transform to produce
said received coded symbols,
parallcl/serial converter means.
The means for applying an inverse Fourder transform can
~ be preceded by time-division/frequency-division symbol
interleaving means. In that case the means for applying a
direct Founcr transform are followed by time-division/
frequency-division symbol de-interleaving means.

. At the receiver end one or several automatic gam comntrol
module(s) may be added for taking signal attenuations into
consideration. These modulcs may be disposed .at the
receiver end either downstream of the correlator(s) which
applies (apply) the pseudo-random sequence(s) used for the
coding at the transmitter end, or with each coded miessage
assigned to each carder at the output of the means for
applying the direct Fourier transform.

 These different aspects of the invention and other aspects ,
too will become apparent and be explained with respect to
the embodiments to be described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be better understood with the aid of the -
following Fzgures shown by way of non-limiting examples
which represent in:

FIG. 1: a circuit diagram of a transceiver processing
system functioning in a user station.

FIG. 2: a general circuit diagram of part of a comniuni-
cation system according to the invention.

FIG. 3A: a circuit diagram (A) of known principle for
sprcad spectrum codmg and FIG. 3b an associated decodmg
circuit diagram operating in a user station.

FIG. 4A: 2 coding diagram and FIG. 4B 2 decoding
circuit diagram of the same known principle applied to the
base station.

" FIG. 5: a circuit -diagram of an OFDM multiplexer
intended to be used with a multicarricr transmission.

FIG. 6: a circuit diagram of an OFDM demultiplexer.
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12 FFT[err] 52 is inserted an interleaver ENT 51 which inter-. leaves the
.synmbol s in accordance with known techniques. Reciprocal ly, the circuit
di agram shown in FIG 7-Bis a nodified version of FIG 6. Between the
device FFT 62 and the device P/S 60 is inserted a de-interleaver ENT[err]
61 which performs the reverse operations to those performed at the
transmtter end. The interleaving/de- snterleaV|ng operations are not

FIG. 7A: 2 circuit diagram with interleaving of the
symbols at the transmitter end and FIG. 7B with de-inter-
leaving of the symbols at the receiver end.

FIG. 8: a circuit diagram of a dcmmiltiplexer of a user
station comprising automatic gain control.

FIG. 9: a circuit chagra.m of a decoder of a base station
comprising automatic gain control.

FIG. 10: a general circuit diagram of a mmiti-user com-
munication system.

FIG. 11: a symbol distribution d1agram covering a period
of time uTs.

FIG. 12: two curves of the frequency response of a
conventional spread spectrum system and of a systcm
according to the invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

FIG. 10 symbolically shows a multi-user communication
system (U;, U, . . . Uy .. . U,), where M is the total number
of users. All the users communicate via two-way links with

_abase station B. This base station B serves as a relay to put

two user stations into communication with each other. A
base station has a coverage area. With the user stations being
a priori mobile stations, a user station U, (or several of them)
can leave the coverage area of a base station B,. In this casc
another base station B, participates in the management of
thc communications. The two base stations B,, B, then
exchange management information signals to put a user
station U, (of the coverage area of B,) inlo contact with a
user station U, (of the coverage area of B,).

A conventional processing array used in an arbitrary user
station is shown in FIG. 1. At the transmitter end it com-
prises in a series combination:

coding means 10 for coding transmit messages Me ‘and !
transforming them into symbols Se of a constellation,

spread spectrum coding means SSC 12 for coding the
transmit symbols Se,

and modulating means 14 which modulate a carrier with
digital data in the baseband, which data represent the .

symbols. The transmission is then effected over channel |
CHA 16. '
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desired, for exanple, in the case of direct satellite links. The circuit

di agrans -of the OFDM nul ti pl exers shown in FIGS. 5 and/or 7-A are used for
realisi'ng the OFDM , mul ti pl exer 14n of ,a user- station and for realising the
OFDM nul ti pl exer 14Bn of a base station. Simlarly, the circuit diagrans
of the demultiplexers rep- resented in FIGS. 6 and/or 7-B are used for
.realising the demultiplexer 24n of a user station and for realising the
“denul ti pl exer 24Bn of a base station. The transmt channels can be

subj ect to fadi ng Wk niedns' 10 fétecddia 'ﬂi@ﬁx@%@b&e cofiprisedai 49 can occur
i'n the frequency agdidy cdrhBfiationt S' on domain erefore, |t IS

analog/digital converter means A/D which may be fol-
lowed by a source coder SOUR. COD. 13,

- a channel coder CHAN. COD. 15,

and an allocation elemeat MAPP 17 for the dlgxtal datain
a constellation. :
This may relate to QAM, QPSK, BPSK or other constel-
lations. The source coder 13 and the channel coder 15 cannot
be used according to the characteristics of the communica-
tion channel. Similarly, the A/D converter 11 and the source
coder 13 cannot be used if the message Mec is available in
digital form (link 9). Conversely, the converter is used, for !
example, in the case of spoken messages for telephone
communications from mobile user stations.
A user station also compriscs mcans for receiving data
coming from other user stations via the base station. There-
fore, it also comprises: '
demodulating means 24 [or extracting the baseband digi-
tal data which represent the received coded symbols
Scr,

decoding means SSC™! 22 for decoding received symbols
Sr, said decoding means 22 performing the reverse

operations to those: performed by the coding means 12,

decoding means 20 for decoding the received messages

. Mr in response to the received symbols Sr by perform-

ing the reverse operations to those performed at the
transmitter end by the coding means 10. _

The dccoding means 20 comprise, in a series combina-
tion, channel decoding means CHAN DECOD 27, source
decoding means SOUR. DECOD 23 and digitallanalog
converter means D/A 21. These means exist in the cases
where the reverse coding operations have previously been
performed at the transmitter end.

The invention basically relates to the modulating means
14 when digital data are transmitted which represent sym-
bols Se and the demodulating means 24 for exuacung
received symbols Sr, whilst means 24 perform at the receiver

‘end the reverse opcrations to those performed at the trans-
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desirable to performan automatic gain control at the receiver end. FI G
8 .shows a partial ci-rcuit diagramof the receiving section of a user
station with automatic gain control AGC. It corresponds to the diagram of
"FIG 7 in which each of the-[err]L signals assigned-to each carder and
~comng fromthe de-interleaver 61 is produced by an ACC device

. 63[err]-63[err]. Wien there is no de-intgrleaver 61, the AGC devices are

. arranged at the output of the block FFTZ#62. In a user station it is*also

' possible to performa e t | G. 03] r ' ting an* AGC
: gevi ce bet wegn t he co?@ﬂg?o%gs Z#‘i%{éﬁg Woﬁ?g.e%emwggﬁﬁl Gg 3-B.
_ system according to the invention, comprising a base stafion
B and user stations, for example, two stations U, and U,.
Since the user stations have the same transceiver means,
only station U, will be described in detail hcrcinafter, it
being understood that a transmitting station communicates
with another station then operating as a receiving station.

According (o the invention a spread spectrum coding SSC
is combined with a multicarricr orthogonal frequency-divi-
sion multiplex OFDM modulation. At the receiver end the
reverse operations are performed in a reverse order.

Station U; comprises cading means 18 which produce
symbols Sc. These are then coded in the spread spectrum
coding device SSC 12 followed by a multiplexer OFDM 14n
and a multicarrier modulator 14m, the digital data being
transmitted as has previously been described.

These data which may be altered by the transmit channel
CHALI arrive at the base station B as data Pmr. They are
demodulated in a demodulator DEMOD 24Bm, then demul-
tiplexed by demultiplexing means OFDM™' 24Ba to pro-

- duce the received coded symbols Pcr, then a decoding SSC™
22B which is the reverse to that performed at the transmiiter

- end, produces decoded symbols P. These symbols P are in
their turn recoded at the base station by coding means SSC -
12B and mmltiplexed by a muitiplexer OFDM 14Bn, then
rclayed via a multicarrier modulator 14Bm. The transmit -
symbols arrive through a channel CHA2 which may be
different from the preceding channel, at another nser station

- U, which acts as a receiving station. Let us consider the case
where the station U; operates as the receiving station of -
another transmitting station. This receiving station receives
modulated symbols Star which are demodulated by the
demodulator DEMOD 24m and- then demultiplexed by a
demultiplexer OFDM™* 24n which produces received coded

- symbols Scr, which symbols are then decoded by decoding
means SSC 22 which decoding means perform a reverse
decoding of the SSC coding performed at the transmitter
end.

. The base station B receives all the data coming from all
the user stations. These data arrive superimposed on those in
the same frequency band at the input of the base station. This
base station manages the communications. For this purpose,
when a station U, is to be put into contact with a station U,,
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FIG 9 shows a partial circuit diagramof the receiving section of a base
station with automatic gain control AGC. This circuit diagram corresponds
~to the circuit diagramshown in FIG 4. In this case the better performance
i s obtained by inserting an AGC device 65[err]-65[err] for each user at the
out put of each correlator 40[err]-40[err] so as to individually correct the
" inperfections caused by each channel . The conbi nation of the spread
spectrumcoding with a nulticarrier nodul ati on by orthogonal -
frequency-division nmultiplexing presents various advant ages.

8

the base station B recodes the transmit message either with
She sequence of the user station for which the message is
gtended:' or with the same sequence as that of the transmit-
Ung station, and the base station sends to the receiving
station the sequence belonging to the ransmitting station, so

that the receiving station can decode the messa ivi
there through the channel. 58 drmving

F.IGS. 3 and 4 describe the known spread
coding/decoding technique implemented bypthe ini%;?;;?

FIG. 3 rcpresents a circuit diagram (A) of the principle of
the spread spectrum coding SSC used for messages coming
g::g: single source, For this purpose, a digital symbiol Se
of coustellation in the baseband and having time period

Ts is multiplied at the transmitter end in a multiplier 30 by

. a pseudo-random sequence PNi coming from a periodic
sequence generator 32e. The sequence may be invariable for .
each user station. In this case the sequence generator may be

' a memory which pcrmaneatly stores the sequence PNi. The
sequence PNi is formed by a bit sequence of binary peried
Tc, where Ts=L.Tc. The parameter L forms the period of the

" sequence. L coded symbols Sce at the output of the multi-

- plier 30 correspond to each symbol Se. This is translated in
the frequency domain by a wider band, thus a spread
spectrum. In the conventional techniques the coded symbol -

- Sce is then transmitted as indicated in FIG. 1. At the receiver

, end, still in the baseband, the received coded symbol Scr is
fed (FIG. 3-B) to a comrelator 34 which receives from a
generator 32r either pseudo-random sequence PNj, identica]
with that uscd by the transmitting station which sends the
symbol, or its own sequence PNj if the base station has this
re-coded the symbols. The output of the correlator generally
ends in a decision circuit 36 which produccs the uncoded
received symbol Sr which is an estimate of the transmitted .
symbol Se. If the decoding is not a decision decoding, the:
decision element 36 is not used. The estimate is then made
in the processing stages that follow.

FIG. 3 represents the mechanisms used in arbitrary user
stations. FIG. 4 represents the mechanisms used in a base
station which communicates with these user stations.
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13 It is no longer necessary to performa synchronization with the
begi nni ng of each sequence at the recelver end as required by the SSC
t echni-que when used al one.

9

- A base station comprises both a transmitting and a receiv-
ing section. Elements of the transmitting section are dia-
grammatically shown in FIG. 4-A. Various digital symbols
S, ... S/ ... are to be transmitted. Each of these
symbols is multiplied in the multiplier 30, . .. 30,...30,,

- respectively, by the pseudo-random sequence PN1 . PN,
.. PNy, respecuvely, belonging to each user station, All the .
outputs are regrouped in a summator 35 to be transmitted via
the modulator through the channel (FIG. 1). The receiving
section i3 represented diagrammatically in FIG. 4-B. All the
messages arrive at the base station and are combined to 2
. symbol sequence to be decoded Scr. These symbols enter a
set of correlators 40, . . . 40; . . . 40,, which receive the
pseudo-random sequences PN 1 -+ - PN;. .. PN, respec-
tively, which are identical with those used at the transmitter
end. As described above, the outputs of the correlators
generally enter the decision elements 42, ... 42,...42,,
respectively, which produce each an estimate S, .S ..

. Shd t . . . of the transmitted symbols. The base station
may work in two different ways: when it receives a signal
coded with a sequence PN, intended for a user station using
a sequence PN, the base station can either recode tae
received message with the sequence PN; used by the receiv-
ing station of the message, or recode the received message
~with the sequence PN, and transmit to the receiving station
the sequence that is to be used for decoding.

- FIGS. 3 and 4 describe the known technique of spread
spectrum coding. According to the invention this coding is
followed at the transmitter end by an additional multicarrier
modulation stage via onhogonal frequency—dms:on multi-
plexmg, and at the receiver end a stagc is included perform-
ing reverse operations. :

‘FIG. 5§ is an example of a basic circuit diagram of an
OFDM multiplexer 14n. The digital data representing the

. coded transmit symbols Sce, coming from the coder SSC.12,
undergo a serial/parallel conversion in a block 50. The

- parallel data enter an N order inverse Fourier transform
computation clement FFT? 52 which produces N parallel
output sxgnals

At 2 given instant the N parallel output signals form part
of an OFDM dam block. A device 54 adds data correspond-
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Due to the use of a nulticarrier nodulation, there is a nuch w der choice
of the pseudo-random sequences. In effect, it is permtted to have
differences with respect to intercorrelation at any non-zero instants, -of

t he' sequences PN used, which is not the case if the SSC technique is used
al one. The OFDM signals are organized in frames. Since each user station
has its own frane, the synchroni zati on necha- nisns at the receiver end are
sinplified. Mreover, the use of a check interval per data block nmakes it
possible to do away with all the uncerfffInties that coul d appear no-less

caused by variable B $'05 4 Tnek iR o i 8ad 68K paht. Thes consists
of copying certain data.

FIG. 11 gives a detailed representation of the mechanisms
used for the construction of an OFDM data block. A symbol
Se has a complex value in general. The first curve represents
a state sequence of a symbol Se to be coded. A symbol Se
has a time period Ts. A sequence having varicus symbols, for
example p symbols, is considered to correspond to a period
of time p.Ts. -

After these symbols Se have passed through the coder
SSC 12 (FIG. 2), they become the coded symbols Sce. A
symbol Se thus becomes L symbols Sce. For the penod of
time uTs one thus has ul. symbols Sce.

Block 50 (FIG. §) performs a serial/parallel conversion
and produces in parallel the plL symbols which enter block
52 that performs an N** order inverse Fourier transform, so
that N=2*>pL, where k is an integer. Therefore, the pL
symbols are completed by a number of L1=(N-pL)2 “0"

~ data on either side of the input of block 52 (referenced X).

- If Nyl is odd, the beginning or end of the block obtains an
additional symbol. To allow N symbols to leave afterwards
during an interval uTs, block 52 functions with & shorter

~period, which is p.Ts/N (referenced Y). The N symbols
leaving block 52 are in their turn completed by K; symbols,
which corresponds to a check interval A=K.T"c that forms
a protection. The K symbols correspond to a copy of the

last of the N preceding symbols. These K symbols are
affixed to the N symbols to form a data block of (K +N)
symbols to be transmitted (referenced Z). There too. the
check block 54 works with a still shorter period of time
(T'c=ptTs/(N+Kg)), so that at a later stage, a serial oulput
signal of (Ks+N) symbols is possible for a duration which
is kept cqual to uTs. A parallel/serial converter 56 converts
the (Kg+N) symbols to the serial mode. The successive
-blocks of (K;+N) OFDM symbols are then organized in an
OFDM frame in a device 58 referenced FRAME. This
device 58 adds special symbols 53 (synchronization, wob-
bling or other symbols) which arc used, for example, for
synchronizing thc transmitter with the receiver or for esti-
mating the channcl. A low-pass filter LPF 59 filters the
signals before they are transmitted by the multicarrier modu-
lator 14m, 14Bm (FIG. 2).
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di stances between transmitter and receiver than caused by delays owng to
nul tiple paths. Particularly the propagation delays are |linked with the
coverage area pf the base station. It is noted that the existence of the
check interval makes it possible to increase this coverage arca conpared.
with the conventional SSC techniques andlthis without adding to the

conplexity of the software used. In the case of the conven- 4ional SSC
t echni que one woul d dit thegecaiverend the receiieg med ?&‘Egasﬁ%rnount t hese

difficulties. Mraedemodulaied bythe demoadulatar 2dm GHG. 2 andthery i s dis-
tributed nore unif emeythevdevitd ORDNI™ 24n, wiiich camriekout alreverset em nor e
resistant to fadi ngprodéss tonkatarfiéd bl astreardnmiter end. The device

24n comprises in a series combination (FIG. 6):

a low-pass filter 69 _
- a sampler 63 with a timing 1/Tc,
a serial/parallel converter 66 which produces N useful

signals and which thus discards the Kg; symbols
received during the check interval,

a calculation element 62 for a direct Fourier transform
which produces a sequence of N symbol blocks.

a parallcV/serial converter 60 which processes these pl
symbols and produces the received coded symbols Scr.
These symbols Scr enter the decoder SSC™* 22, 22B
described beforc (FIG. 3, FIG. 4-B).

The ends of the N-symbol blocks are waived to save only

the central part which comprises pL symbols.

FIG. 12 shows the spectral powcr density of the trans-
mitted signal plotted against frequency. Curve 70 corre-
sponds to a conventional spread spectrum system, and curve
72 comesponds to a system according to the invention,
which combines the spread spcctrum techniques with the
orthogonal frequency-division multiplexing techniques for
transmission by multicarriers. The horizontal scale corre-
sponds to a baseband frequency F, normalized relative to the
useful band of the signal. The vertical scale corresponds to
the spectral density expressed in dB. It is noted that for a
monocarrier sysiem the spectrum 70 presents maximum
energy in the centre, but that thc cnergy decreases very
rapidly in the useful band. In contrast, for a multicarrier
system, the spectrum 72 is rectangular, which shows that the
energy transmitted for all the carriers remains constant in the
useful band of the signal. There is thus a better use of the

~ transmit channel which renders the transmissions more
reliable and reduces the complexity of the receiving circuits.
It is noted that the energy outside the uscful band is much
smaller for a multicarrier system than for a monocamer
system.

If the channel can be subject to multipath interference, it
is desirable to interleave symbols at the transmitter end and
de-interleave symbols at the receiver end.

The circuit diagram shown in FIG. 7-A is a modified
version of FIG. 5. Between the device S/P 50 and the device
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| obes is much weaker for a nulticarrier systemthan for a nonocaner system
14- ' '

12

FFT! 52 is inserted an interleaver ENT 51 which inter-
leaves the symbols in accordance with known techniques.

Reciprocally, the circuit diagram shown in FIG. 7-Bisa
modified version of FIG. 6. Between the device FFT Gzland
the device P/S 60 is inserted a de-interleaver ENT— 61
which performs the reverse operations to those performed at
the transmitter end. S

The interleaving/de-interleaving operations are not
desired, for example, in the case of direct satellite links.

The circuit diagrams of the OFDM multiplexers shown in
FIGS. 5 and/or 7-A are used for realising the OFDM
.multiplexer 14n of a user station and for realising the OFDM
muitiplexer 14Bn of a base station. -

Similarly, the circuit diagrams of the demultiplexers rep-
resented in FIGS. 6 and/or 7-B are used for realising the
demultiplexer 24n of a user station and for rcalising the
dermultiplexer 24Bn of a base station.

The transmit channels can be subject to fading which
alters the received signals. This fading can occur in the
frequency and/or time-division domain. Therefore, it is
desirable to perform an aptomatic gain control at the
receiver end.

FIG. 8 shows a partial circuit diagram of the receiving
section of a user station with automatic gain control AGC.
It corresponds to the diagram of FIG. 7 in which each of the
pL signals assigned to each carder and coming from thc
de-interleaver 61 is produced by an AGC device 63,-63,,.
When there is no de-interleaver 61, the AGC devices are
arranged at the output of the block FFT 62. )

In a user station it is also possible to perform an aggregate
automatic gain control by inserting an AGC device between
the correlator 34 and the decision element 36 of FIG. 3-B.

FIG. 9 shows a partial circuit diagram of the receiving
section of a base station with automatic gain control AGC.
This circuit diagram corresponds to the circuit diagram
shown in FIG. 4. In this case the better performance is
obtained by inserting an AGC device 65,-65,, for each user
at the output of each correlator 40,-40,, so as to individually
correct the imperfections caused by each channel.

The combination of the spread spectrum coding with a2 -
multicarricr modulation by orthogonal frequency-division
multiplexing presents various advantages.
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CLAIMS 1. Amulti-user communication systemincluding at |east one
base transceiver station and a plurality of user trans- ceiver stations for
.comuni cating a nmessage via a plurality of carriers via said base

transcei ver station, said system conprising: a first transformng circuit
for transform ng sai d nessage Into synbols of a constellati.on; a
coding circuit coupled to said first transformng circuit

13 -

It is no longer necessary to perform a synchronization
with the beginning of each sequence at the receiver end as
required by the SSC technique when used alone.

.~ Due to the use of a multicarrier modulation, there is a
much wider choice of the pseudo-random sequences. In
effect, it is pcrmined to have differences with respect to
intercorrelation at any non-zero instants, of the sequences
PN used, which is not the case if the SSC technique is used -
alone. ' :

The OFDM signals are organized in frames. Since each
user station has its own frame, the synchronization mecha-
nisms at the receiver end are simplified. Moreover, the use
of a check interval per data block makes it possible to do
‘away with all the uncertainties that could appear no less

- caused by variable propagation delays which depend on the
distances between transmitter and receiver than caused by
delays owing to multiple paths. Particularly the propagation

- delays are linked with the coverage area of the base station.
It is noted that the existence of the check interval makes it
possible to increase this coverage arca compared with the
conventional SSC techniques and this without adding to the
complexity of the software used. In the case of the conven-
tional SSC technique one would of necessity nced a complex
equalizer to surmount these difficulties.

Moreover, according to the invention, the energy is dis-
tributed more uniformly over the channel, which rendcers the
system more resistant to fading. The cnergy of the secondary
lobes is much weaker for a multicarrier system than for a
monocamer system.
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fér codi ng said synbols with a code by spreéd spec- - trum codi ng; a

transmtting circuit for transmtting said coded synbols by nodul ating
by .ort hogonal frequency-division nmul - tiplexing, a receiving circuit
for receiving said coded synbols by dermodul ating by orthogonal _

f requency-di vi si on dernul ti pl exi ng; a decoding circuit for decoding
sai d denodul at ed coded synbol s; and a second transformng circuit for
transform ng said sym bols into sald4 nessage. :

CLAIMS

1. A multi-uscr communication system including at least
one base transceiver station and a plurality of user trans-
ceiver stations for communicating a message via a plurality
of carriers via said base transceiver station, said system
comprising: - _ .

a first transforming circuit for transforming said message

into symbols of a constellation; _

a coding circuit coupled to said first transforming circuit
" for coding said symbols with a code by spread spec-

trum coding; :

a transmitting circuit for transmitting said coded symbols
by modulating by orthogonal frequency-division mul-

~ tiplexing;

a receiving circuit for receiving said coded symbols by
demodulating by orthogonal frequency-division
demultiplexing;

a decoding circuit for decoding said demodulated coded
symbols; and ' |

a second transforming circuit for transforming said sym-
bols into said message.

2. The system as claimed in claim 1, wherein said
modulating circuit includes a serial-to-parallel device, a
fourier transform circuit for applying an inverse fourier
transform to said symbols, means for adding protection
against echo symbols, a parallel-to-serial device and a circuit
coupled to said parallel-to-serial device for adding addi-
tional symbols.

3. The system as claimed in claim 2, wherein said
modulating circuit includes a time-division/frequency-divi-
sion symbol interleaving circuit transform coupled between
said serial-to-parallel circuit and said fourier transform
circuit. '
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2. The systemas clained in claim1, wherein said nodulating circuit

I nel udes a serial-to-parallel device, a fourier transformcircuit for

.appl ying an inverse fourier transformto said synbols, means for adding
protection agai nst echo synbols, a parallel-to-serial device and a circuit
coupled to said parallel-to-serial device for adding addi- tional synbols.
3. The systemas clained in claim2, wherein said nodulating circuit

i ncludes a tine-division/frequency-divi- sion synbol interleaving circuit
transform coupled between said serial-&P.parallel circuit and said fourier
transformcircuit. > .

4. The system as claimed in claim 2,. wi;erein s_axd
demodulating circuit includes a sampling circutt, 2 serial~
to-parallel device coupled 10 said sampling circuit and a
fouricr transform device to generated the coded symbols.

5. A base transceiver station for transmitting a message to
a plurality of user tramsceiver stations via.a. plurality of
carriers, said base transceiver station comprising:

a first transforming circuit for transforming said message

into symbols of a constellation; :

a coding circuit coupled to said first transforming circuit
for coding said symbols with a code by spread spec-
: trum coding; and

a transmitting circuit for transmitting said coded symbols
by modulating by orthogonal frequency-division mul-
tiplexing. '

6. The system as claimed in claim §, wherein said
demodulating circuit includes a sampling circuit, a seral-
to-parallel device coupled to said sampling circuit and a
fourier transform circuit to generate the coded symbols.

7. The system as claimed in claim 6, wherein said
demodulating means includes a time-division/frequency-
division symbol de-interlcaving circuit coupled to said fou-
rier transform circuit.

8. The system of claim 7, wherein said demodulating
circuit includes an automatic gain control circuit.

9. The system of claim 7, wherein said demodulating
circuit includes a plurality of automatic gain control circuits,
one of said automatic gain control circuits corresponding to
each carrier. -

10. The system as claimed in claim 5, wherein said

. decoding circuit includes automatic gain control circuit, one
of said automatic gain control circuits corresponding to each
carrier.

- 11. A base transceiver station for receiving messages
transmitted by a plurality of user transceiver stations as
coded symbols via a plurality of carriers, said base trans-
ceiver slation comprising:

h
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16

a receiving circuit for receiving said coded symbols by
demodulating by orthogonal frequency-division
demultiplexing;

a decoding circuit for decoding said demodulated coded
symbols; and

a second transforming circuit for transforming said sym-
bols into said message. '

k & xk B %
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4. The systemas-clainmed in claim2, wherein said denodulating circuit

. includes a sanpling circuit, a serial- to-parallel device coupled to said
sanpling circuit and a fourier transform device . to generated the coded
synbol s. 5. A base transceiver station for transmtting a nessage to. a
plurality of user transceiver stations via a plurality of carriers, said
base transceiver station conprising: a first transformng circuit for
transform ng sai d nessage into synbols of a constellation; a coding
circuit coupled to said first transformng circuit for coding said
synbols with a code by spread spec- :l7trun1coding; and

ABSTRACT

. ON
’VIULT]-USER SPREAD SPECTRUM COMMUNICATY

SYSTEM

Multi-user communication system which combines means
that implement the spread spectrum coding technique SSC
‘with means that implement thc modulation technigue of
orthogonal frequency-division multiplexing 'OFDM. This
‘makes it possible to inhance the performance of the SSC
system by simplifying ccrtain data processmg and data
acquisition mechanisms. - -

A preferred use is the.usé in telephone communicatién
systems between mobile stations and base stations.

FIGURE 2
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a transmtting circuit for transmtti:ng sai.d:coded synbols - by
modul ati ng by orthogonal frequency-division nul- ti pl exing. 6. The
systemas clained in claim5, whereip said-denpdulating circuit includes a
"sanpling circuit, a serial- to-parallal device coupled to said sanpling
circuit and a fourier transformcircuit to generate the coded synbol s. 7.
The systemas clainmed.in claim®6, wherein said denodul ati ng nmeans incl udes
a tinme-division/frequency- division synbbl de-interlcaving circuit coupled
to said fou- rier transformcircuit. 8. The systemof claim7, wherein

. sai d denodul ati ng
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"

circuit includes an automatic gain control circuit. 9. The system of
claim7, wherein said denodulating circuit includes a plurality of
.adtomatic gain control circuits, one of said automatic gain contro
circuits corresponding to .each carrier. 10. The systemas clained in -
claim5, wherein said decoding circuit includes automatic gain contro
circuit, one of said automatic gain control circuits corresponding to each
carrier. 11. A base transceiver station for receiving nessages -
transmtted by .a plurality of user trargsceiver stations as coded synbol s
via a plurality of carriers, said base trans-
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a receiving circuit for receiving said coded synbols by denodul ati ng- by
qrt hogonal frequency-division denul ti pl exi ng; a decoding circuit- for
“décadi ng sai d denodul ated coded synbol s; and a second transform ng
" circuit for transformng said sym bols into said nmessage.
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