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e The invention relates to a multicarrier frequency hopping spread spectrum
communications system comprising at least one transmitter station and at least one
receiver station communicating with each other by at least one transmit channel, the
system comprising, at the transmitting end, baseband transfer means for transferring

5 data by frequency hopping spread spectrum coding and, at the receiving end, reverse
transfer means for recovering estimated data.

The invention likewise relates to a communications system comprising a
transceiving base station and a plurality of transceiving user stations. The invention also
relates to a transceiving user station, specifically either a mobile station ensuring

10 communication by radio channel, or a fixed station comﬂmnicating by cable, satellite or
other means. The invention also relates to a base station intended to receive and relay
messages with a view to having mobile stations communicate with each other.

A communications system for communications between users is to satisfy
various criterions and among these criterions the criterion of conﬁdentié,lity is readily

15 . experienced. The designers of such systems have thus moved towards the use of coding
for message transmission. A high performance coding system is the Code-Division
Multiple Access CDMA system. This system provides the advantéges of reliability,
robustness to disturbance, robustness to interference or degradation and can,
furthermore, simply be tailored to any number of users. The principle of the CDMA

20 system consists of spreading the frequency spectrum. Therefore, a coding message of a
first duration Ts is transformed into a message of a first duration Tc, so that Tc = Ts/l.
The parameter 1 may be smaller than, equal to or greater than 1. When there are M
users at a given instant, there are M messages of duration Tc. These messages are then
coded with the known technique called frequency hopping spread spectrum coding,

25 which consists of modulating M different carriers with the M messages and switching
from time to time the assignment of each carrier to each respective speaker to distribute
the transmission errors of the channel. When 1 is higher than 1 the fast frequency
hopping technique is obtained and when 1 is smaller than 1, the slow frequency hopping
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communications, that is to say, it allows a receiving user and him alone to decode a
message destined for that user. For such a system it is necessary to use an equalizer at

10 the receiving end, which equalizer may become complex when the number of users
grows. In effect, when there are echo signals of a multi-path environment, the echo
signals of the channel of one user will generally not be the same as the echo signals of
the channel of another user. The real performance of such a system is thus limited. On
the other hand, it is necessary to synchronize the receiver well with the start of each

15 hopping sequence, so that the received message can be decoded, which often forms a

~ problem.

On the other hand, such a technique makes it necessary to use a frequency
generator to generate the carrier assigned to each user. This generator is to be able to
change the frequency rapidly with each frequency jump. To avoid the overlaps of the

20 frequencies of two generators, it is generally necessary to provide a guard band, which
forms a handicap.

It is thus an object of the invention to outweigh these drawbacks and
increase the transmission reliability and capacity in the communications between users.

It is an additional object of the invention to maintain reduced complexity

25 of the system while adding to enhanced performance.

These objects are achieved with a communications system described in the
opening paragraph, in which the transfer means perform the coding in accordance with
an orthogonal frequency division mulitiplexing and in that the reverse transfer means
perform a decoding while effecting a reverse transformation of that of the coding.

30 To perform the coding/decoding, the transfer means comprise means for
performing an inverse Fourier transform and the reverse transfer means comprise means
for performing a direct Fourier transform.

Thus, advantageously, it is no longer necessary to have a frequency
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To aclﬁeve this, to code the frequency jumps or decode them, the transfer
10 means or reverse transfer means respectively, comprise data mixing means or data
demixing means respectively, which individually comprise:
- an address generator which produces variable address sequences,
- a memory which is written with the data to be mixed or demixed and which
delivers, when read, mixed or demixed data respectively, the mixing and/or the
15 demixing being realised by addressing the memory differently in the read and write
modes with the aid of the variable sequence address generator.
Digital signals may be involved coming from a digitally modulated signal.
This may be represented by a state constellation in a two-dimensional representation: in-
phase component/quadrature component. The system then comprises in the transmitting
20 station means for transforming transmit messages into digitally modulated symbols and
in the receiving station means for extracting the messages from the received symbols.
For each symbol Se of the constellation the sampling means can generate
an arbitrary number of sampled symbols. This number is a real number. Depending on
the number of samples taken per symbol and the frequency with which the assignment
25 of the mix is chaflged, either the fast frequency hopping technique is realised or the
slow frequency hopping technique. In the case of the fast frequency hopping technique,
the mixing means comprise means for packetizing various sampled symbols, one packet
containing a number of sampled symbols higher than or equal to the number of symbols
of the constellation from which they originate.
30 The frequency-division multiplexed symbols may preferably be used by
accommodating them in a frame format as used in Orthogonal Frequency-Division
Multiplexing (OFDM).

Therefore, it is no longer necessary, advantageously, to use a complex
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equalizer at the receiving end for equalizing the signals which have been subjected to
echo signals from a multipath environment. In effect, while organizing the multiplexed
signal in the form of successive frames constituted by blocks containing guard intervals,
it is possible to remove all the delays caused by multiple paths.

5 With OFDM symbols arranged in frames there are no longér problems of
synchronization at the beginning of each mixing sequence either, because all the
mechanisms of synchronization are derived from those used in the orthogonal
frequency-division multiplex mode. There is a much wider choice and the number of the
mixing sequences is much greater too.

10 The multiplexing means further comprise the following to form an OFDM |
frame:

- means for adding protection symbols,
- serializer means,
- means for forming frames of symbol blocks and appending blocks of special

15 symbols. '

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

At the receiving end, the demultiplexing means then comprise in a series
combination:

20 - a sampler,

- input deserializer means for the received modulated data,
- means for performing a direct Fourier transform to produce said received
estimation symbols.

At the receiving end, one or various automatic gain control module(s)

25 may be added to fake signal attenuations into account. These modules may be arranged
for influencing each coded message assigned to each carrier at the output of the means
for performing the direct Fourier transform.

According to the invention the transmitted energy is much better
frequency-divided on the channel, which renders this system more robust to selective

30 fading. The combination of the frequency hopping spread spectrum technique with the
multicarrier orthogonal frequency-division multiplexing technique thus provides new
performance and advantages.

In a preferred embodiment the system according to the invention
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Each user station comprises means for transmission to the base station and
for uniquely decoding the messages having that station for their destination.

10 The base station comprises means for transmission to all the user stations
and for receiving messages coming from all the user stations and means for supervising
the communications between user stations.

These various aspects of the invention and further aspects will become

- apparent and be explained with respect to embodiments to be described below.

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

Fig. 1: a circuit diagram of a transceiving processing circuit working in a
user station.
Fig. 2: a general circuit diagram of part of a communications system

20 according to the invention.

Fig. 3: a basic circuit diagram of the prior-art frequency hopping spread
spectrum technique.

Fig. 4: a circuit diagram of an embodiment for frequency hopping spread
spectrum according to the invention.

25 Fig? 5: an example of a circuit diagram for symbol mixing means.

Fig. 6: a circuit diagram of an OFDM multiplexer intended to be used
with a multicarrier transmission.

Fig. 7: a circuit diagram of an OFDM demultiplexer.

Fig. 8: a circuit diagram of a demultiplexer used for estimating received

30 symbols in a user station with automatic gain control.

Fig. 9: an example of decision means used at the receiving end.
Fig. 10: a general circuit diagram of a multi-user communications system
Fig. 11: two curves of the frequency response of a conventional system
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Fig. 10 symbolically represents a multi-user communications system (U,,
U, ... U, ... Uy, where M is the total number of users. All the users communicate via

bidirectional links with a base station B. This base station serves as a relay to allow of
10 communications between two user stations. A base station has a coverage area. As the

user stations are a priori mobile stations, a user station U, (or several of them) may

leave the coverage area of a base station B,. In this case another base station B, co-

manages the communications. The two base stations B, B, then exchange management

information to provide a communications between a user station U, (of the coverage
15 area of B,) and a user station U, (of the coverage area of B,).

A conventional processing circuit used in an arbitrary user station is
represented in Fig. 1. At the transmitting end (Fig. 1-A), it comprises in a series
combination: |
- coding means 10 for coding transmit messages Me and transforming them into

20 symbols Se of a constellation,
- baseband transfer means FH 12 for transferring said symbols Se on a plurality
of carriers via coding by frequency hopping to deliver coded transmit signals Sce,
- and radio frequency modulation means MOD 14.
The transmission is then effected by a channel CHA 16. _

25 The’ coding means 10 for coding the messages Me comprise in a series
combination:
- analog-to-digital converting means A/D 71 which may be followed by a source
coder SOUR.COD. 73;
- a channel coder CHAN.COD 75;

30 - and a mapping elemeht MAPP 77 for mapping binary data into a constellation.

This may relate to QAM, QPSK, BPSK constellations or other
constellations. The source coder 73 and the channel coder 75 can be suppressed
depending on the characteristics of the communications channel. Similarly, the analog-
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for each station, which generator accordi ng to the prior art had to be able

to to-digital converter A/D 71 and the source coder 73 cannot exist if the message Me is

available in digital form (line 9). In contrast, the converter exiSts, for example, in the
case of vocal messages for telephone communications from mobile user stations.
A user station also comprises means for receiving data coming from other
5 user stations via the base station. Therefore, a user station also comprises
- radio frequency demodulation means 24 for extracting the digital data
representing the received coded symbols Scr,
- reverse transfer means FH-! 22 for extracting received symbols Sr, said means
22 performing the reverse operations to those performed by the means 12,
10 - means 20 for decoding received messages Mr based upon received symbols Sr
" by performing reverse operations to those performed at the transmitting end by the
means 10. _
The means 20 comprise in a series combination channel decoding means
CHAN. DECOD 97, source decoding means SOUR. DECOD 93 and digital-to-analog
15 converting means D/A 91. These means are used to the extent that the corresponding
codings have previously been performed at the transmitting end.
At the receiving end, the means 24 perform reverse operations to those
performed at the transmitting end.
The invention relates, in essence, to the frequency hopping spread
20 spectrum means 12 which, at the transmitting end, influence the transmit symbols Se
and the means 22 for extracting received symbols Sr.
~ Fig. 3 represents a diagram of a conventional technique for spectrum
spreading which consists of simultaneously modulating different carriers Fa, Fb by
transmit messages while imposing frequency jumps when carriers are assigned to said
25 messages. Fig. 3 Telates to a base station. For a user station the diagram is then
simplified, because it has only a single channel. Thus, the message Mel of a user is
first coded (Fig. 1-A) into symbols Sel which are sampled at a rate 1/Tc by a sampler
82, (Fig. 3). The samples thus obtained are multiplied in a multiplier 80, by a carrier
having frequency Fa coming from a local generator GEN1. The data coming from all
30 the users pass through the base station. As indicated in Fig. 3 there are as many paths
in the base station as there are possible users. The path assigned to the M™ user
comprises a generator GEN,, which produces another carrier Fb, another multiplier 80y
and another sampler 82,,. All the output signals of the multipliers are added together in
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frequency rapidly when the frequency jumps occur.
The symbols Sce are then fed to the radio frequency modulator MOD 14
to be transmitted by the channel.
' According to the invention the same principle with respect to the
10 assignment of a specific carrier to a path and the frequency jumps is adhered to. The
embodiment, however, is totally changed. It is represented in the diagram shown in Fig.
2.

Fig. 2 represents a diagram of a communications system according to the

invention, comprising a base station B and user stations, for example, two stations U,
15 and U,. Because the user stations have the same transceiving means, only station U,

will be discussed in detail in the following, there being understood that a transmitting

station communicates with another station which then operates as a receiving station.

According to the invention, a coding by frequency hopping spread
spectrum is realised. At the receiving end, reverse operations are carried out in reverse

20 order.

Station U, comprises coding means 10 which produce symbols Se. These
symbols are then coded' in a mixer MIX 13 which is followed by a device 15 which
performs an inverse Fourier transform FFT and a radio frequency modulator MOD 14
and the digital signals are transmitted as has been described hereinbefore. The mixer 13

25 and the device 15"process the data in similar manner to the processing by the means 12
of Fig. 3. Nevertheless, the processed data are supplied in parallel according to the
invention, whereas they are combined to a single output signal according to the known
technique.

These data which may be modified by the transmit channel CHA 1 arrive

30 at the base station B as data Pmr. They are demodulated in a demodulator 24B, then
demultiplexed by a device 25B which performs a Fourier transform FFT so that
received coded symbols Pcr are produced, after which a demixing MIX? 23B is
performed which is the reverse to that performed at the transmitting end, which
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the constel | ghdthér ﬁi&ﬁllﬂﬁgcslihﬁoﬂ?l't 1eEéidés"Mb&ulated symbols Smr which are demodulated
by the demodulator 24, then demultiplexed by a device 25 which performs a Fourier
transform FFT and which produces coded symbols Scr which symbols are then demixed
10 by demixing means MIX! 23 performing a reverse demixing of the mix MIX performed
at the transmitting end.

The base station B receives all the data coming from all the user stations.
These data arrive superimposed on each other in the same frequency band at the input
of the base station. This base station manages the communications. Therefore, when a

15 station U, is to communicate with a station U,, the base station B recodes the transmit
message either with the mixing code of the user station for which the message is
intended, or with the same mixing code as that of the transmitting station and the base
station informs the receiving station of the mixing code belonging to the transmitting
station, so that the receiving station can decode the messages entering the receiving

20 station by the channel.

Fig. 4 shows in the case of a base station the mixing block MIX 13B and
the block 15B FFT™. The symbols Se, Sey coming from M users arrive at the sampling
means 82,-82,, which work at the rate 1/Tc and produce sampled symbols Su,-Su,;. The
sampled symbols are packetized (symbols Sse) in packetizing means S/P, 83,-83,,. The

25 'means S/P 83,-'83'M exist in so far as the sampling produces more than one sample per
symbol Se. Subsequently, means 11 produce a mixture of the packetized symbols Sse.
At the output of means 11 the sampled symbols are no longer available in the same
order as they had when entering. This order is a function of a mixing command SA
which imposes for each sampléd symbol a specific assignment to a carrier frequency of

30 a multicarrier modulation, the assignment further forming the object of frequency
jumps. The symbols thus mixed are then transformed into frequency-division
multiplexed symbols in accordance with an orthogonal frequency division. This is
effected in the multiplexing means 15B which perform an inverse Fourier transform. To
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perform the inverse Fourier transform, a number of data N = 2%, where G is a positive
integer, are to be simultaneously applied to the input. When the total number of carriers
N. is such that N, < N, "zero" data are to be added to the inputs situated on either part
of the information carrier inputs. At the output of block 15B parallel data Sce are
available in a multicarrier orthogonal frequency-division mode.

Fig. 5 represents an embodiment for the mxxmg means 11. The symbols
Sse are, for example, written in a memory MEM 88 at addresses determined by an
address generator ADDR GEN 89. When reading this memory MEM, the address
generator 89 produces read addresses which are different from the addresses used for
writing. The mixing of the symbols indicated diagrammatically in Fig. 4 is realised in
this manner. An output register 87 makes it possible to combine the symbols to groups
for a common parallel output.

These symbols may be used in this form or, preferably according to the
invention, they are incorporated in a format of a multicarrier modulation called OFDM.

- This makes it necessary to add a certain number of service signals which make it

possible to enhance the reliability of the transmissions.

The mechanisms for constructing an OFDM frame are represented in the
diagram shown in Fig. 6.

At a given instant the N symbols coming simultaneously from means 15
form a part of an OFDM data block. A protection device PROT 54 adds data that
correspond to a guard interval to this part of the data block. This consists of recopying
certain data.

Fig. 12 shows in detail the mechanisms used in the formation of an
OFDM data block. A symbol Se is generally a complex value. The first line represents,
for example, a seuence of states for a syﬂmbol Se, to be coded for the user U,. A
symbol Se, has a duration Ts. A sequence of various symbols, for example, u symbols,
is considered which corresponds to a duration of x.Ts. Such a sequence Se,-Sey,
corresponds to each user U, ... Uy,.

After passing through the samplers 82,-82,, (Fig. 4), these symbols Se
become sampled symbols Su,-Su,, which, after being formed to groups in parallel,
become the grouped symbols Sse (referenced V in Fig. 4). Thus u symbols Se become
L output symbols of each combining means S/P, 831-83,,, for each duration u.Ts and for -
each user U (with L = u). Preferably, the ratio L/u is an integer.
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in parallel block 15 which performs an Nt-order inverse Fourier transform, so that N
= 26 > Nc, while G is an integer. Therefore, the Nc symbols are completed by a
number L1 = (N-Nc)/2 of "0" data on either side of the input of block 15 (referenced
X in Fig. 6). If N-Nc is odd, the beginning or end of the block obtains another symbol.
10 If p.L is equal to 1 (that is, one sample per initial symbol Se), a slow frequency
hopping system is obtained by changing the mixing every k blocks (where k is an
integer greater than or equal to 1). To permit the N symbols to leave subsequently
during a period uTs, block 15 operates with a shorter duration, that is u.Ts/N
(referenced Y). The N symbols which leave block 15 are in their turn completed by K
15 symbols which correspond to a guard interval A = Kg.T°c which forms protection. The
K symbols correspond to a copy of the most recently preceding symbols. These K
symbols are appended to the N symbols to form a block of (Kg+N) symbols to be
transmitted (referenced Z). There too the guard block 54 operates with a still
diminished duration (T’c = uTs/(N+Kg)) to allow of the (Kg+N) symbols leaving later
20 in series during a period that is kept equal to pTs. A serializer 56 performs the
serialization of the (K;+N) symbols. The successive blocks of (Kg+N) OFDM symbols
are then framed in OFDM frames in a device 58 referenced FRAME. This device adds
special symbols 53 (synchronization, modulation or others) which are used, among
other things, for synchronizing transmission and reception or for channel estimation. A
25 low-pass filter 59°LPF filters the signals before they are transmitted via the radio
frequency modulator 14, 14B (Fig. 2).

At the receiving end, the received modulated symbols Smr are
demodulated in the demodulator 24 (Fig. 2) after which they enter the demultiplexing
device FFT 25 which performs a reverse process to that performed at the transmitting

30 end by performing a Fourier transform. The device 25 comprises in a series
combination (Fig. 7): '
- a low-pass filter 69
- a sampler 63 having a timing 1/T’c,
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§ynbo|s. The speci al synbols may be synchroni zation synbol s,
servi ce synbols, channel estimation synbols or other synbols.
At the receiving end, the denultiplexing neans then conprise in a series

conbi nat i on: pyg g3 543 sanpl er, - i nputygleserializer means for i
recei ved rmdlt)th edS%at a, - means for performng a direct Fourifed_rga-12 12

f e ; _ or pt h
transform to_ prodycg.csAlither gg%ﬁ{?}gmzlﬁé%%%ﬁﬁ%mu&dgs not ta%étt%%dgd

recei ving end, one or various au y

to take si gnk} symbels wedeivedsduririgothe goardnintervidl dste acosliites nay be arranged for
I nfl uenci ng each coded nessage assigned to each carrier at the output of
the nmeans for per AKRORMPWINglevice 20J0r computing 2 dirpeirkaugier transform which delivers-

According to, Eéh‘ﬁeﬁ&\’@fwi-%bwﬁl&@nsm tted energy is nuch better
5 The ends of the N-symbol blocks are abandoned, so that only the central
portion is retained comprising Nc symbols Scr. They enter the demixer MIX™ 23, 23B
(Fig. 2) to be demixed.

Fig. 11 represents the spectral power density of the transmitted signal

plotted against frequency. The curves 70,-70y correspond to a conventional spread

10 spectrum system featured by a spectrum formed by narrow bands each centred at
frequencies f, f, ... fy separated by guard bands Af. Curve 72 corresponds to a system
according to the invention which combines the frequency hopping spread spectrum
techniques with the techniques of multicarrier transmitted orthogonal frequency-division
multiplexing. The horizontal scale corresponds to a baseband frequency F, normalized

15 relative to the useful band of the signal. The vertical scale corresponds to the spectral
power density expressed in decibels. It is noted that for a conventional system the
spectrum 70 has several separate narrow bands to allow a separation of the oscillators
and thus a loss. In contrast, for the multicarrier system according to the invention the
spectrum 72 is rectangular, which shows that the transmitted energy for all the carriers

20 remains constant in the useful band of the signal. There is thus a better use of the
transmit channel which makes the transmissions more reliable and reduces the
complexity of the receiving circuits.

The diagram of thé OFDM multiplexer represented in Fig. 6, which is a
more elaborate version of the multiplexer FFT! 15 of Fig. 2, is preferably used both in

25 a user station and”in a base station.

The transmit channels may be subject to fading which alters the received
signals. This fading may occur in the frequency domain and/or time domain. It is thus
desirable to have an automatic gain control at the receiving end. The latter may not be
indispensable, however. This is indicated by way of a dotted line in Fig. 8.

30 Fig. 8 shows a diagram of the receiving section of a user station with
automatic gain control AGC. The Nc signals assigned to each carrier preferably have
device AGC 63,-63y,. |

_————— After the demixing by the demixing means 21, the M.L data leave in
eet Has Been Replaced
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f“requency di vided on the chahnel whi ch renders this system nore robust to
sel ective fading. The combination of the frequency hopping spread spectrum
technique with the nmulticarrier orthogonal frequency-division nultiplexing

t echni gue ttpm:@gcgsgdes new perfornmance ang advant ages. 1994-1201 R
preferred enbodi nent the system according to the invention

5 groups of M packets of L data. Each packet is intended for a user U,, ... Uy. A packet
of L parallel data is transformed by serializers P/S 93,-93,, into L serial data which are
sampled with the timing 1/Tc by sampling means 92,-92. The means 93,-93y for
separating the samples from a packet exist in so far as the reverse operation has been

5 performed at the transmitting end. Finally, decision means 90,-90,, permit the
estimation of the p transmit symbols §e,, §eM for each user.
A decision means 90,-90,, may be formed, for example, by a mean value
calculating means I 94 combined in series with a threshold decision element 97 (Fig.
9. | |
10 The combination of the coding via frequency hopping spread spectrum
with a multicarrier modulation by orthogonal frequency-division multiplexing provides
various advantages. _
It is no longer necessary to synchronize at the feceiving end at the
| beginning of each mixing sequence as this is required if the known technique is used
15 separately.
Due to the use of a multicarrier modulation, there is much more freedom
as to the choice of pseudo-random sequences.
Preferably, OFDM signals organized in frames are used. Because each
user station has its own frame, the synchronization mechanisms at the receiving end are
20 simplified. Moreover, the use of a guard interval for each data block permits of
eliminating all the uncertainties which could occur both depending on propagation
delays which vary with the distances transmitter/receiver and on delays owing to
multiple paths. More particularly, the propagation delays are linked with the coverage
area of the base station. It is noted that the existence of the guard interval makes it
25 possible to extend this coverage area compared with the conventional techniques of
spectrum spreading and this without enhancing the complexity of the hardware used. In
the case of the conventional technique it would be necessary to include a'complex
equalizer to overcome these difficulties.
Furthermore, according to the invention the energy is equalized on the
30 channel, which renders this system more robust to fading.
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Eonprises transcei ving user stations which may be nobile, and at |east one
fi xed base station. A base station covers what is coommonly referred to as a

gell, that is to say, it has a certain coverage area. Beyond this coverage
area there TH?@gtig base station which pjgvides the relay when t{%“rjf?ﬁe
station has Teft"the boundaries of the first cell. _Advantageously, due 10

t he inventioe hﬁs,cell may cover a |larger area, whereas prewi-ously the

enl ar genent 'U'P_H" B

cel|l area necessitated an equali Zé"hisﬂfieeﬁﬁpfpced

conpl exi ty. _ —Each user station conprise Renlges i ssi on
to the base station anclllumummnhﬂm‘wodi ng the m ﬂ t hat
station for their desti T The base ri ses
neans for transnmission to & | ‘the user stations and for receiving nessages

comng fromall the user stations and neans for supervising the
conmuni cati ons between user stations.

1. Multicarrier frequency hopping spread spectrum communications system
comprising at least one transmitter station and at least one receiver station
communicating with each other by at least one transmit channel, the system comprising,
at the transmitting end, baseband transfer means for transferring data by frequency

5 hopping spread spectrum coding and, at the receiving end, reverse transfer means for
recovering estimated data, characterized in that the transfer means perform the coding
in accordance with an orthogonal frequency division and in that the reverse transfer
means perform a decoding while effecting a reverse transformation of that of the
coding.

10 2. System as claimed in Claim 1, characterized in that the transfer means
comprise means for effecting an inverse Fourier transform and the reverse transfer
means comprise means for performing a direct Fourier transform.

3. System as claimed in Claim 2, characterized in that for coding the
frequency hops or decoding them, the transfer means or reverse transfer means

15 respectively, comprise data mixing means or data demixing means respectively, which
individually comprise:

- an address generator which produces variable address sequences,
- a memory which is written with the data to be mixed or demixed respectively
and which delivers, when read, mixed or demixed data respectively, the mixing and/or

20 the demixing .beid'g realised by addressing the memory differently in the read and write
modes with the aid of the variable sequence address generator.

4, System as claimed in one of the Claims 1 to 3, characterized in that the
data come from a modulated signal by way of digital modulation, the system comprising
in the transmitting station means (10) for transforming transmit messages into digitally

25 modulated symbols and in the receiving station means (20) for extracting the messages
from the received symbols.

5. System as claimed in Claim 4, characterized in that for coding the
frequency jumps the transfer means comprise means (82,-82,,) for sampling the symbols
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'I:hese various aspects of the invention and further aspects wll becone
apparent and be explained with respect to enbodi nents to be descri bed

bel ow. The invention will be better understood with the aid
of the fol | oPHF®358BIres given by way of npn-linmiting exanples whifgoq.12-12
represent in: Fig. 1: a circuit diagramof a transcel Vi ng

processi ng CirfdCmbinsV(B5K8 foP P?clég?ﬂg %ﬁBﬁ@Méﬁl?doﬁlgnals é?llé

general circuit diagramo comuni ¢ cordPng Eo t he
i nventi on. containing a numlﬂ:rgmf sﬂmpledtsam‘bolsdnglm thardoamlrtmfhetdmmrlsymbarst

frequency ho a ctr Fig. 4 acircuit
di_agr am of aﬁg@%&?ﬁﬁ%a@ E‘ﬂ %E?ﬂeﬁbe%fﬁlﬁ%rd spect rum according to
bt 8 e, SYotem af el AU €1e 6§ UlactleBd Pl
synbol mi xi ng :

mul ti pl exdér meansrfoegerfornhing andriverse Founer transform are followed by means for forming

signal frames and in that the means for performing a direct Fourier transform are
preceded by means for extracting signals from the signal frames.

7. System as claimed in Claim 6, characterized in that the means (15) for
forming frames comprise:
10 - means for adding protection symbols,

- serializer means,
- means for forming frames of symbol blocks and adding blocks of special
symbols.
8. System as claimed in one of the Claims 1 to 7, characterized in that it

15 - comprises at least a transceiving base station (B) and a plurality (U,, U,) of transceiving
user stations communicéting with each other by transmit channels (CHA 1, CHA 2) via

the base station.
9. User station used in a system as claimed in Claim 7.
10. Base station used in a system as claimed in Claim 7.

oA D Thllls'l‘""'i‘lllﬂel“l‘l"cﬁi, .
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with a nmulticarrier transm ssion. Fig. 7. a circuit diagram of
an OFDM denul ti pl exer. Fig. 8 acircuit diagramof a .
demul ti pl exer used for estimating received synbols in a user station with
aut omat i ¢ gaPHFA3583l . Fig. 6 an exanple of decisi ofpggaepns,
used at the receiving end. Fig. 10: a general circuit diagram
of a multi-usbstrgg@Mmuni cations system Fig. 11: two curves of
t he frequencl\é response of a conventional system

requency hopping multicarrier communications system.

A multicarrier frequency hopping spread spectrum communications system
comprising at least a transmitting station which includes means for transferring
baseband data by performing a coding via orthogonal frequency spreading and at least a
receiving station including reverse transfer means.

5 The data, transmitted by a channel, may contain symbols which are the
result of a digital modulation. The symbols may be supplied, at the transmitting end, by
incorporatihg them in a signal frame, for example, a frame having the format of signals
called OFDM signals.

The communications system may be formed by a transceiving base

10 station (B) and a plurality (U,, u,) of transceiving user stations.

Reference: Fig. 2. '

Application: Systems for telephone communications or other
communications. |
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g spectrum spreading and of a system according to the invention. fa
a di agram of synbols distributed over a period of tinme pTs. =
The f &%l owi ng description relates to the general case for which the
transr@ssi on between the transmtting station and the receiving station is
effect@d via a base station. Evidegt 6, the invention also relates to the
case ere there is direct transm n wthout the internediary of a base

statiof. Fig. 10 synmbolically represents a multi-user
comunffcations system (Uerr], U2 ... Uerr] ... Uerr]), where Mis the
total fgunber of users. Al the users comunicate via bidirectional |inks
wth ajbase stati gn B. This base station serves as a relay to allow of
communifcat i ons befween two user stations. A base station has a coverage
area. ps the u tions are a priori fopile statlols, a user station W2
(or seyeral of |the @y | eave the covergge arEE of a]base station B[err].
In thi$ case anot Sgse station B[err] {co- T
< | (.
-1 Sy,
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synbol
transf
freque
freque
channe

conpri$e in a series conbin

tting end (Fig. 1-A), it co

the communi cations. The two base stations Blerr], B2 then exchange
nt information to provide a conmunications between a user station
(of the coverage area of B[err]) and a user station U2 (of the

e area of B[err]). A conventional processing circuit

ses in a series conbination: -

means 10 for coding transmt nessages Me and transforming theminto
Se of a constell ap d transfer means FH 12 for
rring said synbols carriers via coding by

cy hopping to deli gnal s Sce, - and radio

cy nodul ati on neang myssion is then effected by a
CHA 16. 10 for coding the nessages Me

an arbitrary user station ESIGFpresented in Fig. 1. At the

gy
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der SOUR. COD

73; -

'0g-to-digital converting means A/D 71 which may be followed by a
a channel coder CHAN. COD 75; -
| ement MAPP 77 for mapping binary data into a constellation.
relate to QAM QPSK, BPSK constellations or other constellations.

and a

The sougce coder 73 and the channel écfsﬁr 75 can be suppressed dependi ng on
s channel .

t he chafgacteristics of the conmunic

1337 S‘A (llLP
3(2] il . —Tfmin
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e P L 3ad
|
|
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s2y/| 83
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VoW "1 - 158
Es&:
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Simlarly, the anal og-
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gital converter A/D 71 and the source coder 73 cannot exist if the
nessa Me is available in digital form(line 9). In contrast, the
conver@er exists, for exanple, in the case of vocal nessages for tel ephone

communfcations fromnobile user stations. A user station al so
conpri ges neans for receiving data cpging from other user stations via the
base styation. Therefore, a user sta al so conprises - radi o
frequericy denodul ation nmeans 24 for extracting the digital data
representing the received coded synbols Scr, - reverse transfer neans

FH[errﬂ 22 for extractij
reverse operations to t
decoding recei ved nessa

said nmeans 22 performng the
ans 12, - means 20 for

- |

66 254 (N |

69 Mc cen Replaces
—*“1%—5/3 IUILLLY iibhe | |l||||\ T

FIG. 7
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means 10.
ti on channel

hoppi ng spread spectum nean
e and t nep

repr th
for spectrum sqreadi )g\ whi

the triansmt synbol s
Sr. :

di f ferent campxdlers

junps;mhen c '?fﬁT ﬂe a %igqfﬁti_
|
: I

258

ormng reverse operations to those performed at the t tngﬂgﬂiLLing.end_

The nmeans 20 conprise in a serles

decodi ng means CHAN. DECCD 97,

_ sour ce ' h“d
COD 93 and digital -to-anal og converting neans DJA 9 :
d to the extent that the co ondi ng codi ngs have :

The i nventj

FH.t

relates

At the receiving end, the

2 t hose perfornmed at the transnTtting

i n essence,

h: -

to the frequency
gﬁlng end, influence

%ved synmbol s
tisjal technique

.aSIng frequency
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user is fi
mul tipl
a | ocal
base st @tion.

stationf{as there are possible users.
conprises a generator CGEN[err] which produces another carrier

mul tiplier 80[err]

the multiplie SEfrP addel t oge

Fig. 3 relates to a base station.
inplified, because it has only a single channel.
into synbols Sel Sepee
The sanpl es thus

havi ng frequenc
from al |

e |/ Tc by a sanpler 82,
ed inanmltiplier 80, by a
generator GENL. The data co

rst coded (Fig. 1-A

(Fig. 3).
ler

and anot her sanpler 82[err].

S
L]

For a user station the diagram

t he nessa

.

Thus,

the users pass through the
As indicated in Fig. 3 there are as many paths in the base
The path assigned to the Merr] user

Fb, anot her

Al the output signals of

SeM?
b
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8 an addér 84,

‘eut put.

a path is changed intermttently,

adhered to.

t he assignnent of a fre&ﬁﬁﬁﬁzgaﬁﬁ+ﬁ+4++-—

while preferably the featjuREPL BN eSHEET

sanme frequency is not assigned to tMo1Separate path at a gilvgminstant T35
The generators are thus controlled to change t}h

frequency rapidly when the frequency junps occur

Sce are then fed to the radi o frequency nndulato%

by the channel.

FIG. 1A

&

~0

MOD 14 t 4 Be—t+rahsiiit-edd

o Yo r2en

so that nulticarrier synmbols Sce are produced on a single

At a given instant a specific frequency is assigned to each path.
To ensure the transm ssion quality,

°|°BB5EG 8%
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SOUR.
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CHAN

> DECOD Jﬁ’ DECOD

o
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chor&ing to the invention the same principle with respect tb t he
assi gnnent of a specific carrier to a path and the frequeng . [ —
|1 RECLAREMENT, SHeer

adhered to. The enbodi nent, however

in the diagramshown in Fig. 2. Fig. 2

of a communi cations system according t® the invention, conprfi sSRiégDECLISS
station B and user stations, for exanple, two stations U grr{] and Uerr].

Because the user stations have

Uerr] will be discussed ind
that a transmtting station c
operates as a receiving stati
a coding by frequency hoppi ng
end, reverse operations are c
Station U err] conprises cod

synbols are then coded in a m
whi ch

i ng
ng,

r eal
$e or
oduc
4 fol
™~

is totally changed.

repregsegnts a di agram

meangd, oOnly starion
t her d_bei ng under st ood

station which then

cording to the invention,

i sed. At the receiving
der.

e synbols Se. These
| oned by a device 15
N
=
| I
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W

Pmr—
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perforns an inverse Fourier transformFFT[err] and a radio
modul ator MOD 14 and the digital

descri bed herei nbefore. The m xer
simlar manner to the processing by the nmeans 12 of Fig. 3.
the processed data are supplied in paral %l

whereas they are conbined to a single output signal accordi

signals are transmtted as
13 and the device 15 proo

according to th

f requency.

M?LAM&ENT SHEET

t echni que. These data which may be nodified Qy the transn1t
channel CHA 1 arrive at the base station B as data Pmr. They—are-~
denodul ated in a denod ator 248, _then demultiplexed by a device 25B which
perfornms a Fourier trars Ef {received coded synbols Pcr are
produced, after whjc 4g|n 2B i s performegl which is the reverse
to that perfornmed hFF? tr n%ﬁbt end,
: AT Fa
' GEN9
| MOD |
|
= WTe Sce L4
L
eM| | A
82y 12
GENy
FIG. 3
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9 deni xi ng produces non-coded synbols P. These synbols are, in‘turn
recoded at the base station by mxing neans M X 13B, then_ou+1

rel ayed by a radi o frequency nodul ator 14B. The transmttéd

by a channel CHA 2 which may be differe|4 fromthe previogsic

anot her user station Uerr] which acts as a receiving statyidgn. Let us
consi der the case where the station Uerr] operates as a rgcei

for another transmtting st giiopemettet-ac8i\os—maasdl ated sy
are denodul at ed
88 »
“ L {out
Sse —t=3 MEM | INc|peg
I
. -1 >
)| I| Lar
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by"the.denDduIator 24, then demultiplexed by a device 25 whi ch| pREFLACEMENRT SHEET
Fourier transform FFT and whi ch produces coded synbols Scr mhi;hiayubuia

are then dem xed by dem xi ng means M X[err] 23 performng a reye SeZéDE 96
dem xing of the mx MX perfornmed at the transmtting end. ‘%ﬂ%
base station B receives all the data comng fromall the user $t&tions

These data arrive superinposed on each other in the sane frequéency band at
the input of the base station. Thig base station nanages t he
communi cations. Therefore, when a
station U2, the base statNon B re
m xi ng code of the u :
t he sane m xi ng codejas t

nicate with a
eut\her wth the
en§ef, or with
e base
onging to the

station inforns ecei
transmtting statT I 3 code the nmessages
entering the recel ﬁ; il MFIK 4 shows in
the case of a ba atioff{t Se

N | M
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t he bIBck 15B FFT[err]. The synbols Se[err] Se[err] com ng ff
arrive at the sanpling neans 821-82[err] which work at the r 'ER;;@P &@@dSHEET

produce sanpl ed synbols Su[err]-Su[err]. The sanpled synbol s e packeti zed
(synbol s Sse) in packetizing neans SIP, 831-83[err]. The means| S22 DEC 1996
831-83[err] exist in so far as the sarrpﬁ ng produces nore than one sanple
per synmbol Se. Subsequently, nmeans 11 produce a m xture of tlhe packetized
synbols Sse. At the output of neans 11 the sanpled synbol s e no_longer

avai lable in the sanme order as they had when entering. This order is a
function of a m xing conmand SA which i nposes for each sanpled synbol a

speci fic assignne i a carlrier freguency-of-a-aethticarfier dul ati on,
t he assi gnnent f gﬁ ' ' ' ; tsynbol S
thus m xed are thé¢de nsformed iTe o frequency- di vI&T J mul t i Bi'®xed synbol s
in accordance with an pprthogonal frequency division. This is effected in
the mul ti pl exi ng neans] 15B whi ch perform an inverse Fourier transform To
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10 performthe inverse Fourier transform a nunber of data N 2[err],
where Gis a positive integer, are to be sinmultaneously applied to the

i nput. When the total nunber of carriers Nerr] is such that Nerr] < N,
"zero™ data are to be added to the inputs situated on either part of the
information carrier inputs. At the outputy of block 15B parallel data Sce
are available in a nmulticarrier orthogonal frequeng zdivi%hgg node.

. . i unications sys o ~
Multicarrier frequency hopping comm ¥ REPLACEMENT SHEET

Description
3 1 MAY 1999

The invention relates to a multicarrier frequency hopping spread spectrum
communications system comprising at least one transmitter station and at least one
receiver station communicating with each other by at least one transmit channel, the
system comprising, at the transmitting end, baseband transfer means for transferring
data by frequency hopping spread spectrum coding and, at the receiving end, reverse
transfer means for recovering estimiated data.

The invention likewise relates to a communications system comprising a
transceiving base station and a plurality of transceiving user stations. The invention also
relates to a transceiving user station, specifically either a mobile station ensuring
communication by radio channel, or a fixed station communicating by cable, satellite or
other means. The invention also relates to a base station intended to receive and relay'
messages with a view to having mobile stations communicate with each other.

A communications system for communications between users is to satisfy
various criterions and among these criterions the criterion of confidentiality is readily
experienced. The designers of such systems have thus moved towards the use of coding
for message transmission. A high performance coding system is the Code-Division
Multiple Access CDMA system. This system provides the advantages of reliability,
robustness to disturbance, robustness to interference or degradation and can, '
furthermore, simply be tailored to any number of users. The principle of the CDMA
system consists of spreading the frequency spectrum. Therefore, a coding message of a
first duration Ts is transformed into a message of a first duration Tc, so that Tc = Ts/l.
The parameter 1 may be smaller than, equal to or greater than 1. When there are M
users at a given instant, there are M messages of duration Tc. These messages are then
coded with the known technique called frequency hopping spread spectrum coding,
which consists of modulating M different carriers with the M messages and switching
from time to time the assignment of each carrier to each respective speaker to distribute
the wransmission errors of the channel. When | is higher than 1 the fast frequency
hopping technique is obtained and when | is smaller than 1, the slow frequency hopping
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A base station receives the coded messages coming from all the users,
decodes them, recodes them and relays them to the users. The station supervises the
communications, that is to say, it allows a receiving user and him alone to decode a
message destined for that user. For such a system it is necessary to use an equalizer at
the receiving end, which equatizer may become complex when the number of users
grows. In effect, when there are echo signals of a multi-path environment, the echo
signals of the channel of one user will generally notbethesameéstheechosignals of
the channel of another user. The real performance of such a system is thus limited. On
the other hand, it is necessary to synchronize the receiver well with the start of each
hopping sequence, so that the received message can be decoded, which often forms a
problem.

On the other hand, such a technique makes it necessary to use a frequency
generator to generate the carrier assigned to each user. This generator is to be able to
change the frequency rapidly with each frequency jump. To avoid the overlaps of the
frequencies of two generators, it is generally necessary to provide a guard band, which
forms a handicap.

It is thus an object of the invention to outweigh these drawbacks and
increase the transmission reliability and capacity in the communications between users.

It is an additional object of the invention to maintain reduced complexity
of the system whife adding to enhanced performance.

These objects are achieved with a communications system described in the
opening paragraph, in which the transfer means perform the coding in accordance with
an orthogonal frequency division multiplexing and in that the reverse transfer means
perform a decoding while effecting a reverse transformation of that of the coding.

To perform the codingldccoding, the transfer means comprise means for
performing an inverse Fourier transform and the reverse transfef means comprfse means
for performing a direct Fourier transform.

Thus, advantageously, it is no longer necessary to have a frequency
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| /[err] is ageneratoedenecessary, so that two users are not assigned simultaneously to the same
frequency.

To achieve this, to code the frequency jumps or decode them, the transfer
means Or reverse transfer means respectively, comprise data mixing means or data
demixing means respectively, which individually comprise:
- an address generator which produces variable address sequences,
- a memory which is written with the data to be mixed or demixed and which
delivers, when read, mixed or demixed data respectively, the mixing and/or the
demixing being realised by addressing the memory differently in the read and write
modes with the aid of the variable sequence address generator.
' Digital signals may be involved coming from a digitally modulated signal.
This may be represented by a state constellation in a two-dimensional representation: in-
phase éomponendquadmmrc component. The system then comprises in the transmitting
station means for transforming transmit messages into digitally modulated symbols and
in the receiving station means for extracting the messages from the received symbols.

For each symbol Se of the constellation the sampling means can generate
an arbitrary number of sampled symbols. This mumber is a real number. Depending on
the pumber of samplies taken per symbol and the frequency with which the assignment
of the mix is changed, either the fast frequency hopping technique is realised or the
slow frequency hopping technique. In the case of the fast frequency hopping technique,
the mixing means comprise means for packetizing various sampled symbols, one packet
containing a number of saméled symbols higher than or equal to the number of symbols
of the constellation from which they originate.

The frequency-division multiplexed symbols may preferably be used by
accommodating them in a frame format as used in Orthogonal Frequency-Division
Multiplexing (OFDM).

Therefore, it is no longér necessary, advantageously, to use a complex
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equalizer at the receiviiig end for equalizing the signals which have been subjected to
echo signals from a multipath environment. In effect, while organizing the multiplexed
signal in the form of successive frames constituted by blocks containing guard intervals,
it is possible to remove all the delays caused by multiple paths.

With OFDM symbols arranged in frames there are no longer problems of
synchronization at the beginning of each mixing sequence either, because all the
mechanisms of synchronization are derived from those used in the orthogonal
frequency-division muitipiex mode. There is a much wider choice and the number of the
mixing sequences is much greater too.

The multiplexing means further comprise the following to form an OFDM
frame:

- means for adding protection symbols,

- serializer means,

- means for forming frames of symbol blocks and appending blocks of special
symbols. .

The special symbols may be synchronization symbols, service symbols,
channe] estimation symbols or other symbols.

At the receiving end, the demultiplexing means then comprise in a series
combination:

- a sampler,

- input deserializer means for the received modulated data,

- means for performing a direct Fourier transform to produce said received
estimation symbols.

At the receiving end, one or various automatic gain control module(s)
may be added to fake signal attenuations into account. These modules may be arranged
for influencing each coded message assigned to each carrier at the output of the means
for performing the direct Fourier transform.

According to the invention the transmitted- energy is much better
frequency-divided on the channel, which renders this system more robust to selective
fading. The combination of the frcquency hopping spread spectrum technique with the
multicarrier orthogonal frequency-division multiplexing technique thus provides new
performance and advantages.

In a preferred embodiment the system according to the invention
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Each user station comprises means for transmission to the base station and

for uniquely decoding the messages having that station for their destination.

The base station comprises means for transmission to all the user stations
and for receiving messages coming from all the user stations and means for supervising
the communications between user stations.

These various aspects of the invention and further aspects will become
apparent and be explained with respect to embodiments to be described below.

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

Fig. 1: a circuit diagram of a transceiving processing circuit working in a
user station. '

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

Fig. 3: a basic circuit diagram of the prior-art frequency hopping spread
spectrum technique.

Fig. 4: a circuit diagram of an embodiment for frequency hopping spread
spectrum according to the invention.

Fig? 5: an example of a circuit diagram for symbol mixing means.

Fig. 6: a circuit diagram of an OFDM multiplexer intended to be used
with a multicarrier transmission.

Fig. 7: a circuit diagram of an OFDM demultiplexer.

Fig. 8: a circuit diagram of a demultiplexer used for estimating received
symbols in a user station with automatic gain control.

Fig. 9: an example of decision means used at the receiving end.

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

Fig. 11: two curves of the frequency response of a conventional system
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Fig. 10 symbolically represents a multi-user communications system (U,,

U, ... Uy ... Uy), where M is the total number of users. All the users communicate via
bidirectional links with a base station B. This base station serves as a relay to allow of
communications between two user Stations. A base station has a coverage area. As the
user stations are g priori mobile stations, a user station U, (or several of them) may
leave the coverage area of a base station B,. In this case another base station B, co-
manages the communications. The two base stations B,, B, then exchange management
information to provide a communications between a user station U, (of the coverage
area of B,) and a user station U, (of the coverage area of B,).

A conventional processing circuit used in an arbitrary user station is
represented in Fig. 1. At the transmitting 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,

- baseband transfer means FH 12 for transferring said symbols Se on a plurality
of carriers via coding by frequency hopping to deliver coded transmit signals Sce,

- and radio frequency modulation means MOD 14.

The transmission is then effected by a channel CHA 16.

The coding means 10 for coding the messages Me comprise in a series
combination:

- analog-to-digital converting means A/D 71 which may be followed by a source
coder SOUR.COD. 73; '

- a channel coder CHAN.COD 75;

- and a mapping element MAPP 77 for mapping binary data into a constellation.

This may relate to QAM, QPSK, BPSK constellations or other
constellations. The source coder 73 and the channel coder 75 can be suppressed
depending on the characteristics of the communications channel. Similarly, the analog-
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to-digital converter A/D 71 and the source coder 73 cannot exist if the message Me is
available in digital form (line 9). In contrast, the converter exists, for example, in the
case of vocal messages for telephone communications from mobile user stations.

A user station also comprises means for receiving data coming from other
user stations via the base station. Therefore, a user station also comprises
- radio frequency demodulation means 24 for extracting the digital data
representing the received coded symbols Scr,

- reverse transfer means FH! 22 for extracting received symbols Sr, said means
22 performing the reverse operations to those performed by the means 12,

- means 20 for decoding received messages Mr based upon received symbols St
by performing reverse operations to those performed at the transmitting end by the |
means 10. |

The means 20 comprise in a series combination channel decoding means
CHAN. DECOD 97, source decoding means SOUR. DECOD 93 and digital-to-analog
converting means D/A 91. These means are used to the extent that the corresponding
codings have previously been performed at the transmitting end.

At the receiving end, the means 24 perform reverse operations to those
performed at the transmitting end.

The invention relates, in essence, to the frequency hopping spread
spectrum means 12 which, at the transmitting end, influence the transmit symbols Se
and the means 22 for extracting received symbols Sr.

Fig. 3 represents a diagram of a conventional technique for spectrum
spreading which consists of simultaﬁeously modulating different carriers Fa, Fb by
transmit messages while imposing frequency jumps when carriers are assigned to said
messages. Fig. 3 Telates to a base station. For a user station the diagram is then
simplified, because it has only a single channel. Thus, the message Mel of a user is
first coded (Fig. 1-A) into symbols Sel which are sampled at a rate 1/Tc by a sampler
82, (Fig. 3). The samples thus obtained are multiplied in a multiplier 80, by a carrier
having frequency Fa coming from a local generator GEN1. The data coming from all
the users pass through the base station. As indicated in Fig. 3 there are as many paths
in the base station as there are possible users. The path assigned to the M™ user
comprises a generator GEN,, which produces another carrier Fb, another multiplier 80,

and another sampler 82,,. All the output signals of the multipliers are added together in
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assignment of a specific carrier to a path and the frequency jumps is adhered to. ‘The
embodiment, however, is totally changed. It is represented in the diagram shown in Fig.
2.

Fig. 2 represents a diagram of a communications system according to the
invention, comprising a base station B and user stations, for example, two stations U,
and U,. Because the user stations have the same transceiving meauns, only station U,
will be discussed in detail in the following, there being understood that a transmitting
station communicates with another station which then operates as a receiving station.

According to the invention, a coding by frequency hopping spread
spectrum is realised. At the receiving end, reverse operations are carried out in reverse
order.

Station U, comprises coding means 10 which produce symbols Se. These
symbols are then coded in a mixer MIX 13 which is followed by a device 15 which
performs an inverse Fourier transform FFT and a radio frequency modulator MOD 14
and the digital signals are transmitted as has been described hereinbefore. The mixer 13
and the device 15 process the data in similar manner to the processing by the means 12
of Fig. 3. Nevertheless, the processed data are supplied in parallel according to the
invention, whereas they are combined to a single output signal according to the known
technique.

These data which may be modified by the transmit channel CHA 1 arrive
at the base station B as data Pmr. They are demoduiated in a demodulator 24B, then
demultiplexed by a device 25B which performs a Fourier transform FFT so that
received coded symbols Pcr are produced, after which a demixing MIX™! 23B is
performed which is the reverse to that performed at the transmitting end, which
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another gansmxmng station. It receives modulated symbols Smr which are demodulated
by the demodulator 24, then demultiplexed by a device 25 which performs a Fourier
transform FFT and which produces coded symbols Scr which symbols are then demixed
by demixing means MIX™! 23 performing a reverse demixing of the mix MIX performed

at the transmitting end.

The base station B receives all the data coming from all the user stations.
These data arrive superimposed on each other in the same frequency band at the input
of the base station. This base station manages the communications. Therefore, when a
station U, is to communicate with a station U,, the base station B recodes the transmit
message either with the mixing code of the user station for which the message is
intended, or with the same mixing code as that of the transmitting station and the base
station informs the receiving station of the mixing code belonging to the transmitting
station, so that the receiving station can decode the messages entering the receiving
station by the channel.

Fig. 4 shows in the case of a base station the mixing block MIX 13B and
the block 15B FFT™\. The symbols Se, Se,, coming from M users arrive at the sampling
means 82,-82,, which work at the rate 1/Tc and produce sampled symbols Su,-Suy. The
sampled symbols are packetized (symbols Sse) in packetizing means S/P, 83,-83,,. The
means S/P 83,-83 exist in so far as the sampling produces more than one sample per
symbol Se. Subsequently, means 11 produce a mixture of the packetized symbols Sse.
At the output of means 11 the sampled symbols are no longer available in the same
order as they had when entering. This order is a function of 2 mixing command SA .
which imposes for each sampled symbol a specific assignment to a carrier frequency of
a multicarrier modulation, the assignment further forming the object of frequency
jumps. The symbols thus mixed are then transformed into frequency-division -
multiplexed symbols in accordance with an orthogona! frequency division. This is
effected in the multiplexing means 15B which perform an inverse Fourier transform. To
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perform the inverse Fourier transform, a number of data N = 29, where G52 positive
integer, are to be simultanecusly applied to the input. When the total number of carriers
N, is such that N < N, "zero" data are to be added to the inputs situated on either part
of the information carrier inputs. At the output of block 15B parallel data Sce are
available in a multicarrier orthogonal frequency-division mode.

Fig. 5 represents an embodiment for the mixing means 11. The symbols
Sse are, for example, written in a memory MEM 88 at addresses determined by an
address generator ADDR GEN 89. When reading this memory MEM, the address
generator 89 produces read addresses which are different from the addresses used for
writing. The mixing of the symbols indicated diagrammatically in Fig. 4 is realised in
this manner. An output register 87 makes it possible to combine the symbols to groups
for a common parallel output.

These symbols may be used in this form or, preferably according to the
invention, they are incorporated in a format of a muiticarrier modulation called OFDM.
This makes it necessary to add a certain number of service signals which make it
possible to enhance the reliability of the transmissions.

The mechanisms for constructing an OFDM frame are represented in the
diagram shown in Fig. 6.

At a given instant the N symbols coming simultaneously from means 15
form a part of an OFDM data block. A protection device PROT 54 adds data that
correspond to a guard interval to this part of the data block. This consists of recopying
certain data.

Fig. 12 shows in detail the mechanisms used in the formation of an
OFDM data block. A symbol Se is generally a complex value. The first line represents,
for example, a sefuence of states for a symbol Se, to be coded for the user U,. A
symbol Se, has a duration Ts. A sequence of various symbols, for example, x symbols,
is considered which corresponds to a duration of u.Ts. Such a sequence Se,-Sey
corresponds to each user U, ... Uy,.

After passing through the samplers 82,-82 (Fig. 4), these symbols Se
become sampled symbols Su,-Su,, which, after being formed to groups in parallel,
become the grouped symbols Sse (referenced V in Fig. 4). Thus x symbols Se become
L output symbols of each combining means S/P, 83,-83,, for each duration x.Ts and for
each user U (with L 2 p). Preferably, the ratio L/x is an integer.
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recei vi ng alath thus fomm Nc symbols of an OFDM signal. There are thus Nc symbols which enter
in parallel block 15 which performs an N®-order inverse Fourier transform, so that N
= 26 > Nc, while G is an integer. Therefore, the Nc symbols are completed by a
number L1 = (N-Nc)/2 of "0" data on either side of the input of block 15 (referenced
X in Fig. 6). If N-Nc is odd, the beginning or end of the block obtains another symbol.
If x.L is equal to 1 (that is, one sample per initial symbol Se), a slow frequency
hopping system is obtained by changing the mixing every k blocks (where k is an
integer greater than or equal to 1). To permit the N symbols to leave subsequently
during a period uTs, block 15 operates with a shorter duration, that is . Ts/N
(referenced Y). The N symbols which leave block 15 are in their turn completed by K,
symbols which correspond to a guard interval A = K. T’c which forms protection. The
K; synibols correspond to a copy of the most recently. preceding symbols. These K

. symbols are appended to the N symbols to form a block of (K;+N) symbols to be

transmitted (referenced Z). There too the guard block 54 operates with a still
diminished duration (T’c = pTs/(N+Ky)) to allow of the (K;+N) symbols leaving later
in series during a period that is kept equal to xTs. A serializer 56 performs the
serialization of the (K;+N) symbols. The successive blocks of (Kg+N) OFDM symbols
are then framed in OFDM frames in a device 58 referenced FRAME. This device adds
special symbols 53 (synchronization, modulation or others) which are used, among
other things, for synchronizing transmission and reception or for channel estimation. A
low-pass filter S9°LPF filters the signals before they are transmitted vig the radio
frequency modulator 14, 14B (Fig. 2).

At the receiving end, the received modulated symbols Smr are
demodulated in the demodulator 24 (Fig. 2) after which they enter the demultiplexing
device FFT 25 which performs a reverse process to that performed at the transmitting
end by performing a Fourier transform. The device 25 comprises in a series
combination (Fig. 7):

- a low-pass filter 69
- a sampler 63 having a timing 1/T’c,



begi nni ng of each m xing sequence as this is required if |hREMAOMENT SHEET

~technique is used separately. Due to the usg pf—&
hul ticarrier nodulation, there is much nore freedomas tojthe_chojce of
. 33‘58{‘ 4ot
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conventi onal 'gec_hnl que I't wou be necessarﬁ1 to include a co ex
portion is retained comprising Nc symbols Scr. They enter the demixer 23, 23B
(Fig. 2) to be demixed.
Pig.. 11 represents the spectral power density of the transmitted signal
plotted against frequency. The curves 70,~70y correspond to a conventional spread

spectrum system featured by a spectrum formed by narrow bands each centred at
frequencies f,, f; ... fy separated by gyard bands Af. Curve 72 corresponds to a system
according to the invention which combines the frequency hopping spread spectrum
techniques with the techniques of multicarrier transmitted orthogonal frequency-division
multiplexing. 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
power density expressed in decibels. It is noted that for a conventional system the
spectrum 70 has several separate narrow bands to allow a separation of the oscillators
and thus a loss. In contrast, for the multicarrier system according to the invention the
spectrum 72 is rectangular, which shows that the transmitted energy for all the carriers
remains constant in the useful band of the signal. There is thus a better use of the
transmit channel which makes the transmissions more reliable and reduces the
complexity of the receiving circuits.

The diagram of the OFDM multiplexer represented in Fig. 6, which is a
more elaborate version of the multiplexer FFT! 15 of Fig. 2, is preferably used both in
a user station and’in a base station. '

The transmit channels may be subject to fading which alters the received
signals. This fading may occur in the frequency domain and/or time domain. It is thus
desirable to have an automatic gain control at the receiving end. The latter may not be
indispensable, however. This is indicated by way of a dotted line in Fig. 8.

Fig. 8 shows a diagram of the receiving section of a user station with
automatic gain control AGC. The Nc signals assigned to each carrier preferably have
device AGC 63,-63.

After the demixing by the demixing means 21, the M.L data leave in
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groups of M packets of L data. Each packet is intended for a user U, ... Uy. A packet
of L parallel data is transformed by serializers P/S 93,-93, into L serial data which are
sampled with the timing 1/Tc by sampling means 92,-92,,. The means 93,-93 for
separating the samples from a packet exist in so far as the reverse operation has been
performed at the transmitting end. Fmally, decision means 90,-90y permlt the
estimation of the p transmit symbols Se,, SeM for each user.

A decision means 90,-90,, may be formed, for example, by a mean value
calculating means T 94 combined in series with a threshold decision element 97 (Fig.
9.

The combination of the coding via frequency hopping spread spectrum

. with a multicarrier modulation by orthogonal frequency-division multiplexing provides

various advantages. _

It is no longer necessary to synchronize at the receiving end at the
beginning of each mixing sequence as this is required if the known technique is used
separately.

Due to the use of a muilticarrier modulation, there is much more freedom
as to the choice of pseudo-random sequences.

Preferably, OFDM signals organized in frames are used. Because each
user station has its own frame, the synchronization mechanisms at the receiving end are
simplified. Moreover, the use of a guard interval for each data block permits of
eliminating all the uncertainties which could occur both depending on propagation
delays which vary with the distances transmitter/receiver and on delays owing to
multiple paths. More particularly, the propagation delays are linked with the coverage
area of the base station. It is noted that the existence of the guard interval makes it
possible to extend this coverage area compared with the conventional techniques of
spectrum spreading and this without enhancing the complexity of the hardware used. In
the case of the conventional technique it would be necessary to include a complex
equalizer to overcome these difficulties.

Furthermore, according to the invention the energy is equalized on the
channel, which renders this system more robust to fading.




1. Amlticarrier frequency hoppi ng spread spectrum comup-eations.system
conprising at |east two stations each of which includes tREPOBOEMENT SHEET
section and a receiver-section,..communi cati on between. st at i pns—betrng—via

a

com nuni cation the transmtter section onpe, siat Lop and
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transmtter secti‘on®ofleath on conpri‘ses encodi ng jreans.for Pnt‘ndilng
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data synbols of a signal to be t%t ed, the encoding being in
accordance with a constellation * val ues; m Xt
to said encodi ng neans for assign- I ng sanpl es of the encoded data

synbol s to particullrA multicarricr frequency hopping spread spectrum
communications system comprising at least two stations °

cach of which includes a transmitter section and a receiver
section, communication between stations being via a com-
munications channel between the transmitter section of one
station and the receiver section of another station; charac-
terized in that:
the transmitter section of each station comprises
encoding means for encoding data symbols of a signal to
be transmitted, the encoding being in accordance with
a constellation of code vaiues;

mixing means coupled to said encoding means for assign-
ing samples of the encoded data symbols to particular

ones of a predetermined series of fixed carrier frequen-
cies, the frequency assignments being periodically
mixed in accordance with a [requency hopping code;
and

muitiplexing means coupled to said mixing means for
combining the samplcs of encoded data symbols and
their assigned carricr frequencies in accordance with an
inverse Fourier transform, so as to multiplex the
samples of encoded data symbols by an orthogonal
frequency division modulation; and

the receiver section of each station comprises:

demultiplexing means for recsiving multiplexed samples
of encoded data symbols transmitted by the transmitter
section of another station, and applying a direct Fourier
ransform to demodulate by reversing the orthogonal
frequency division modulation performed on the
samples of encoded data symbols in the transmitter
section of said other station;

demixing means coupled to said demultiplexing means
for combining thc demodulated samples of encoded
data symbols in accordance with the inverse of the
frequency hopping code employed in the transmitter
section of said other station, thereby recovering said
samples of encoded data symbols; and

decoding means coupled to said demixing means for
decoding the samples of enccded data symbols pro-
duced thereby in accordance with the inverse of the
constellation of code values employed in the transmit-
ter section of said other staton.
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transform so as to nultiplex the éénples of encoded dat

a—syhbols by an

or t hogonal frequency division nodulation; and the recei

each station conprl.feccommisnivationsystenyasielairoed dn 1; achereinsgidu

ver section of
| tipl exed

- sanpl es of engddag medrs iy thwtransmitesmiectiod dnd sdid domixingt t er

section of anot il 1 recRiverageitivh éhch clirhpfite Romehwiry for
storing the samples of encoded data symbols and an address
generator for producing variable address sequences for said
memory; the memory in said mixing means being written
with the samples of encoded data symbols to be mixed and
the memory in said demixing means being written with the
samples of encoded data symbols to be demixed; mixing and
demixing being produced by providing a different address
sequence for writing the samples of encoded data symbols
into said memory than for reading the samples of encoded
data symbols therefrom, thc addrcss scquence employed

determining the applicable frequency hopping code.
3. A communication system as claimed in claim

1,

wherein the signal to be transmitted is a digital signal

comprising a succession of data symbals.
4. A communications system as claimed in claim

3,

wherein for performing said {requency hopping said mixing
means further comprises means for sampling the encoding
data symbols and forming the symbol sampies thereby
derived into data packets of the encoded data symbol
samples, each packet containing a number of symbol
samples which cquals or exceeds the number of samples

taken of each encoded data symbol.
5. A commuanications system as claimed in claim

1,

wherein said transmitter section further comprises means
coupled to said multiplexing means for assembling the

multiplexed encoded data symbol samples into a series

of

signal frames, and said receiver section further comprises
means coupled lo said demultiplexing means for deriving
the multiplexed encoded data symbol samples from received

signal frames.
6. A communications system as claimed in claim

5,

wherein said means for asscmbling thc multiplexed encoded
symbol samples into signal frames comprise means for
adding protection symbols to each frame and means for

serializing said frames.
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transformto denodul ate by reversing the orthogonal freque; d%t?dﬂ@&;\ﬁ“d’nQHEFT

modul ati on performed on the sanpl es of encoded data synbol mtire
transmtter section of said other station; den xing neans crugl %ﬂ&OEW9
sai d demul ti pl exi ng neans for conbini ng the denodul ated s

encoded data synbols in accordance with the inverse of the frequency
hoppi ng code enpl oyed in the transmitterl®6 section of said of her statlon

t her eby recovering said sanpl es of encoded data synbols; a

means coupl ed to said dem xi ng neans fgbswgact:decodi ng the sanpl es of ‘encoded

data synbol s pro- duced thereby in accordance with the |nverse of the
constel lation of code vMulssuserfrapenty hopping commusjFapons System

A multicarrier frequency hopping spread spectrum communications system
comprising at least a transmitting station which inciudes means for transferring
baseband data by performing a coding vig orthogonal frequency spreading and at least a
receiving station including reverse transfer means.

The data, transmitted by a channel, may contain symbols which are the
result of a digital modulation. The symbols may be supplied, at the transmitting end, by
incorporating them in a signal frame, for example, a frame having the format of signals
called OFDM signals.

The communications system may be formed by a transceiving base
station (B) and a plurality (U,, u,) of transcéiving user stations.

Reference: Fig. 2.

Application: Systems for telephone communications or other

communications.
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generator for producing variable address sequences for said nenory; the
~menory in said mxing means being witten with the sanpl es—ef-encaded. datg
“synbols to be mixed and the menory in said dem xi ng neans b&EﬁQ&W@PﬁgegﬁEfr
wi th the sanples of encoded data synbols to be deni xed: nijxifmg atre—ehe
bei ng produced by providing a different address sequence fjor 3$ agﬂ‘%gg
sanpl es of encoded data synbols into said nenory than for [re¢adt J e
sanpl es of encoded data synbols therefrom the address scquence_enpl oyed

determ ning the applicable frequency h0ﬁ2ing code. 3. Ajcommuni cation
systemas clained in claiml1, whereint signal to be tr: ' i
digital signal conprising a succession of data synbol s. 4. A

comuni cations system as cl ai mef™ e T o,

FIG. 2
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wherein for perform ng said frequency hopping said m xing nmeans further
conprises neans for sanpling the encoding data synbols and foroing.fhe

synbol sanples thereby derived into data packets of the enc dadpgﬁmmggymggET
sanpl es, each packet containing a nunber of synbol sanples
exceeds the nunber of sanples taken of each encoded data sy 2% q
comuni cations systemas clainmed in claim1, wherein said tya srﬁt‘;te Y 1999
section further conprises nmeans coupl ed} o said multiplexin ans_for
assenbling the nultipl exed encoded data™synbol sanples into}ja series or
signal frames, and said receiver section further conprises

said denmultipl exi ng neans for deriving the nultiplexed encoded data synbol
sanpl es fromreceived
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signal franes. 6. A conmunications systemas clainmed in
said neans for assenbling the nultiplexed encoded synbol
signal frames.conprise neans for adding protection synbo
and neans for serializing said franes.
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