1 A SYSTEM FOR TRANSM TTI NG | NFORMATI ON BY RADI O BETWEEN AN | NFRASTRUCTURE
AND MOBI LES The present invention relates to cellular systens for
transmtting information by radio between an 5 infrastructure and novi ng
bodi es constrained to travel on a determined path, and referred to herein
as "nobiles". A mgjor application of the invention lies in the field of
transportation on reserved sites, and in particular in railway networks
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30 invention provides in gartlcular a_cellular systemfor” transmtt
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15 A cellular system for transmitting information by
radio is already known (EP-A-0 838 965 and US patent
No. 5 995 845) in which the infrastructure includes
stationary transceiver stations distributed along the
path. Those stations comprise transceivers, and each
20 cell extends between two transceivers. The transmitters
working the same cell are synchronized and transmit using
a form of encoding that enables multiple paths to be
accommodated or used.
The form of encoding may be constituted in
25 particular by encoding of the orthogonally coded
frequency division multiplex (OC FDM) type or of the
direct sequence spread spectrum type.
The present invention seeks in particular to further
increase immunity to interference. To this end, the
30 invention provides in particular a cellular system for
transmitting information by radio, the infrastructure of
the system comprising stationary transceiver stations or
"radio bases" distributed along the path and allocated to
successive cells so that each cell is provided with at
35 least two transceivers at opposite ends thereof and
having transmitters that are synchronized and that

preferably transmit with a form of encoding that enables




“successive cells so that each cell is provided with at 35 | east two
transcei vers at opposite ends thereof and having transmtters that are
synchroni zed and that preferably transmt with a formof encoding that
“enables 2 nmultiple paths to be accommpdat ed or used; according to the

I nvention, the transceivers of the stationary stations and at |east one
transceiver carried by a nobile are controlled in such a manner that,
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successi on. S b ansmtted once only, and still other 20
frames can be re% % fa%nr$§£3e§¥éi%?romﬁng defective transm ssion. The
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frequenci gg goilﬁeéf@ﬁ{ﬁgmg&qgﬁlyggps i &%Pstfﬁngfgsnklﬁsh' s. In

25 portions of th rans range can be
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Each cycle is conventionally constltuted by a

plurality of exchanged frames that are relatively short

15 in order to increase quality of service. Time division
multiple access (TDMA) is often used. The frames
containing essential information can be systematically
transmitted on both frequencies in succession. Other
frames can be transmitted once only, and still other

20 frames can be repeated on request following defective
transmission.

The pair of frequencies used in a cell is
advantageously constituted by two frequenciesg that are
different from those used in the adjacent cells. 1In

25 portions of the network in the open air, where
transmitter range can be very great, the frequency pairs
are advantageously allocated from the frequencies that
are available in such a manner that the same pair of
frequencies is reused only at a distance that is as great

30 as possible. When only a small number of frequencies is
available, attempts should be made to ensure that only
one common frequency is used between any two cells that
might interfere.

In addition to the two transceivers at each end of a

35 given cell, that cell may also have distributed

intermediate transceivers allocated thereto.



30 as possible. Wen only a small number of frequencies is avai | abl e,
attenpts should be nade to ensure that only one common frequency is used
between any two cells that mght interfere. In addition to the two
‘transcei vers at each end of a 35 given ceBl, that cell may al so have
distributed internediate transceivers allocated thereto. 3 The above
characteristics and others appear better on reading the follow ng
description of a paFhécabave ehdvdctenisgivenahs veliett appehirnbetrer

le. Th L Bt | f .1 he nyi ng.draw ngs, Ltn_5 which:
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Figure 2 is a e a i ' - - f systenm -
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fromone cell ¥Ri&Rot her; - Figure 4 is a diagram show ng the overlap of
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5 is a diagram showing an exanpl e of , .
cycle froma g%hﬁ?%ﬁbgﬁi%?ih@ngp%%?lOfOSFﬁ%lﬂ%%¥YeSE§F}Pﬁg?PﬂPOHethure 6
shows an exanpdmed obf howe nisiei feepEacyd Pangdscéan; be distributed in pairs;

and 20 - Figure 7 is a,diagram show an_intersection between two paths
and how transmi ssi on €%9%5%a eh?i$m$£€Ckc?b§§5%@rSHBHé?gBEFSr@aHEscr|blng

the i nvent®on,comeonentustof ea ofystesystemto which it applies is recalled
Chonr! % bh s, o ESESIDE AP B O LS SR oh
"handover" is performed from one cell to another;

- Figure 4 is a diagram showing the overlap of the
lobes of transceivers belonging to two successive cells;

15 - Figure 5 is a diagram showing an example of how
frame transmission is managed in a cycle from a mobile
entering a cell to the mobile exiting it;

- Figure 6 shows an example of how nine frequency
bands can be distributed in pairs; and

20 - Figure 7 is a diagram showing an intersection
between two paths and how transmission is managed in the
Crossover zone.

Before describing the invention, the structure of a
system to which it applies is recalled briefly by way of

25 example and with reference to Figure 1.

Figure 1 shows a portion of a tunnel 8 in a rail
transport system having two tracks which are referred to
collectively below as the "way". Along the path of the
tracks there are distributed wayside base stations.

30 Cells extend between two base stations. Each base
station comprises a transceiver fitted with an antenna
which has a narrow lobe in a tunnel or on rectilinear
portions. The antennas of transceivers E,, E', belonging
to two base stations transmit towards each other in cell

35 No. 1 and also present back lobes causing the cell to
extend beyond the gap between the stations. In many
cases, one or more intermediate stations E", are



‘transport system having two tracks which are referred to collectively
bel ow as the "way". Along the path of the tracks there are distributed
waysi de base stations. 30 Cells extend between two base stations. Each base
"station conprises a transceiver fitted witla an antenna which has a narrow
| obe in a tunnel or on rectilinear portions. The antennas of transceivers
El, E'1 belonging to two base stations transmt towards each other in cel
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with common and a back lobe of smaller intensity. However in

practice the lobes of the antennas are optimized as a

15 function of each geographical location. By spacing the
radio stations of different cells apart and by increasing
the size of the overlap zone between cells it is possible
to reduce the total number of stations.

In the embodiment shown, each mobile such as 10,, 10,

20 has a transceiver antenna 12V facing forwards and a
transceiver antenna 12R facing backwards. As explained
below, the antennas can be associated with common
transceiver equipment or with distinct pieces of
equipment. The or each piece of equipment is designed to

25 sum the energy received from the transmitters E, and E',
while the mobile is in cell No. 1.

Overall, the system may be generally structured
functionally as shown in Figure 2.

The main architecture of that portion of the system

30 which is located beside the wayside may be considered as
having four subassemblies.

A wayside cell controller WCC constitutes a host
module for the wayside radio function WRF. The wayside
cell controller WCC may comprise two wayside transmigsion

35 units WTU to provide redundancy. These units are placed

in equipment premises and are connected:



‘transcei ver equipnment or with distinct pieces of equipnent. The or each

pi ece of equipnment is designed to 25 sumthe energy received fromthe
transmtters E1 and E'1 while the mobile is in cell No. 1. Overall, the
'system may be generally structured functienally as shown in Figure 2. The
mai n architecture of that portion of the system 30 which is |ocated beside
the waysi de may be considered as having four subassenblies. A way3|de cel
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be connected to a common optical fiber interface

electronics card in the wayside transmission unit WTU.

15 Communication between the antennas of the wayside
radio units WRU and the antennas 12V and 12R of the
transceivers in the mobiles 10 takes place at microwave
frequencies, generally in a band that is reserved for
spread spectrum applications. The frequency generally

20 lies in the range 2400 megahertz (MHz) to 2483 MHz, or in
the range 5725 MHz to 5850 MHz.

Depending on the degree of availability desired for
transmission purposes, it is possible to use a
transceiver having one or two antennas or two

25 transceivers that are coupled together and connected to a
common antenna or to respective antennas.

The car radio unit CRU on board a mobile (e.g. a
train) is complex to a greater or lesser extent depending
on the constitution of the train.

30 If it is possible to place antennas on the roof of
the train, then it is preferable to use a single CRU in
the middle of the train.

If for reasons of loading gauge clearance it is not
possible to place an antenna on the roof, it is then

35 necessary to place antennas at both ends of the train,
and thus to use radic equipment at each end. Two
subassemblies, possibly in the first and last cars, then



‘20 lies in the range 2400 negahertz (MHz) to 2483 MHz, or in the range
5725 MHz to 5850 MHz. Depending on the degree of availability desired for
transm ssion purposes, it is possible to use a transceiver having one or
-two antennas or two 25 transceivers that age coupl ed together and connected
to a common antenna or to respective antennas. The car radio unit CRU on
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As mentioned above, exchanges within a cell between

15 stations at the ends of the cell and a mobile within the
cell take place at two different frequencies, in
alternation on each radio cycle. The use of more than
two frequencies could be envisaged, but provides little
extra advantage. In terms of redundancy, any advantage

20 to be obtained by using more than two frequencies for
transferring essential information can be achieved only
by transmitting the information three times. In
addition, given that only a few frequencies are
available, the number of combinations that are possible

25 and that avoid the presence of a common frequency between
adjacent cells is small.

For example, when the available frequency bandwidth
is 83 MHz (as is the case, for example, for the
instrumentation and scientific medical (ISM) band of

30 2400 MHz to 2483 MHz), this band can be subdivided into
nine channels having center frequencies F1 to F9. These
channels may be 6 MHz wide, being spaced at intervals of
8 MHz to 9 MHz in order to reduce contributions between
adjacent channels. Each cell has two non-adjacent ones

35 of these channels at frequencies Fx and Fy associated

therewith. This means there exists 28 pairs in which the



"cell take place at two different frequencies, in alternation on each radio
cycle. The use of nore than two frequencies could be envisaged, but
provides little extra advantage. In terns of redundancy, any advantage 20
"to be obtained by using nore than two freqg@encies for transferring
essential information can be achieved only by transmtting the information
three tines. In addition, given that only a few frequencies are
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differential QPSK (DQPSK) node with four nutually _orthogonal spreading
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links. Exchangesl betaees pheceomi | eyales therstal topsaef{chhBetwekh takes
place in Cyclqguguéggéﬂéggfgglgg gﬁ mﬁgnséfgcted for the cell. Each
cycle is constituted by a plurality of frames. 1In each

15 frame, the data rate is generally small enough to obtain
a high degree of resistance to interference, to fading,
and to multiple paths. A data rate of 32 kilobits per
gsecond (kbit/s) or 64 kbit/s is commonly used, even
though a higher rate (up to 256 kbit/s) is possible.

20  Although in theory all of the frames of a given radio
cycle are transmitted at the same fregquency, it can be
advantageous, where frame content is considered to be
essential, to transmit one or more frames of such content
over both frequencies in succession.

25 In particular, it is possible to use the following
distribution within a cycle, with the data frames having
a constant length of 200 bits, for example, and with the
cycle having a duration of 124 milliseconds (ms). The
cycle is subdivided into "time slots” and the data rate

30 is 64 kbit/s.

Guard interval 1.5 ms
Initialization

frame 200 bits 4.125 ms
Guard interval (enabling the spreading

code to be changed) 1.5 ms



“two frequencies Fx and Fy selected for the cell. Each «cycle is constituted
by a plurality of frames. In each 15 frane, the data rate is generally
smal | enough to obtain a high degree of resistance to interference, to
“fading, and to nultiple paths. A data rat®& of 32 kilobits per second
(kbit/s) or 64 kbit/s is comonly used, even though a higher rate (up to
256 kbit/s) is_passible 20 Although in theory all of the franes of a
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rate 30 is 64 Khi{/S. S ne Qard_interval rnitializationm 200 brts4. 125
ms. frame Qua qﬁﬁeﬁ%ﬂﬂ?&ﬁﬁﬁﬂlru;?W&F%preadlng 1.5 ms code to be changed)

B Data franes fizamessages in 200 hjuafdepsieteydd 2 rmgn) franes at2 26 ms

12x4.125 ns 49.5 ns ,Contro r.a franme. a . 4.125 waysi de to
train) guard-+HiéEﬁéﬁ5l4fELiéﬁﬁrggﬁnéziﬂgigguéﬁiggF@? 50158 an Enfry

signature Tw dmta frames 8 times:

guard interval: 2 ms

(train to wayside} 1 entry signature frame 49 ms
4.125 ms at Fx
1 data frame

Total = 128 ms

Only the application content of the frames is

enciphered. The entry signature frame might need
5 repeating in the event of the first transmission being
poorly received.

The initialization frame constitutes the radio
database and is used only by the radio part of the train
for configuration purposes.

10 The data frames going to the trains have content
that depends on the application and the "client" terminal
or user on the train. These are enciphered.

The cell control frame used by the radio part of the
train for configuration purposes contains management

15 information such as the allocation of time slots to
different trains.

The entry signature frame is used by the train
entering into a cell to identify itself with the wayside
radio equipment which is constituted by one or two

20 wayside transmission units WTU.

Finally, the data frames going to the wayside
transfer application data. These frames may be
transmitted simultanecusly to two radio cells when the

train is in the overlap zone of two cells.
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application data. These franes may be transnmitted sinultaneously to two
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train beif)§ takes place in a strong field in an overlap zone between
two radio cells, referenced R. The two car radio units
CRU AV and CRU AR at the front and the back of the train
respectively perform the transfer in succession. The
unit CRU AV performs transfer as soon as it goes past

15 wayside radio unit WRU 1 (train position in continuous
lines), where the radio frequency field tapers off since
CRU AV is passing into the back lobe. Subsequently the
unit CRU AR performs the handover close to the wayside
radio unit WRU 2 (dashed line position).

20 It can be seen that the train begins handover as
soon as it has gone past the last wayside unit of the
cell it is exiting.

The train signals the beginning of handover by
sending the signature frame. The wayside transmission

25 unit then enters the train in the list of trains present
in the cell. It deletes the train from the list when
lack of response from the train continues beyond a
predetermined time-out (e.g. 10 seconds) or a
predetermined number of interrogations (e.g. four).

30
Sequence of events from entry identification to exit
A typical sequence of successive events from train
entry to exit is given in Figure 5. The units concerned
are identified by their abbreviations.
35 1: TRF sends the entry identification frame to

request CRU to search in the cell whose frequencies Fx



‘registered on entry into a cell to the train exiting the 5 cell, which
event is detected solely by the absence of any response fromthe train to
i nterrogations. Handover (Figures 3 and 4) As in the earlier patent

‘menti oned above, handover 10 takes place im a strong field in an overl ap
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spreadi ng sequeneeids e known, and requesting

7: WRF: allocates a time slot to the train in the
cell control frame, even if no wayside application

15 requests one; this time slot is given higher priority
than the time slots requested by the wayside application
for other trains already present in the cell.

9: the wayside radio function WRF, generally in a
WTU registers the train in the list of trains present in

20 the cell so that the wayside application can send
requests to the new train.

10, 11: CRU sends the content of all of the data
frames from the wayside to the train via TRF; it responds
to any requests coming from the wayside in the allocated

25 time slot.

12, 13, 14: in the absence of any response from the
train to a request from the wayside, the request is
repeated, and subsequently the train is deleted from the
list of trains present in the cell.

30 Most collisions between frames that might lead to
information not being transferred arise, for example,
when two trains are present simultaneously in opposite
directions on entry to a cell, and can be resolved by
conventional measures. However, processing at an

35 intersection between a plurality of lines requires
measures that are somewhat more complex. Figure 7 shows

an intersection between two lines 81 and 82. In the



authorization to transmt. 2, 3, 4: CRU scans the frequencies Fx and Fy to
detect the cell control frame, registers itself, and 5 sends the
initialization and the data franes to the wayside. 5: TRF uses the

"dat abase information contained in the initlalization frane. 6, 8 CRU s
synchroni zed on the radio cycle of the 10 new cell, and transmts the
entry identification frane wuntil it receives a request to send data franes
to the may3|dElgﬂreVVEheaf£QQﬂéﬁelestaDBoehﬂédtQothﬁetVQIQOUQ EEQlSCQ|
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various spreading sequences while taking care to ensure
that there is never more than one frequency in common so
as to reduce the probability of simultaneous interference

15 on both radio frequencies of the same cell.

In the example shown, it can be seen that the
spreading sequences are different between any two cells
that might present interference on a common frequency.

The protocol for allocating time slots to trains

20 during a radio transmission cycle can be summarized as
follows.

This is done using the cell control frames which
contain a list of trains to which a time slot is
allocated.

25 As soon as a train enters a cell, the wayside cell
controller allocates a time slot to the train once it has
been identified on entry (sign-in). A deterministic
protocol, e.g. using the locations of trains determined
with the help of wayside beacons can be used to resclve

30 conflicts when a plurality of trains are simultaneously
seeking to be registered in a cell. The time slots
allocated to the trains are allocated dynamically from
the wayside.

The exit of a train from a cell is detected without

35 dialog between the wayside and the train, merely by the
train failing to respond to requests from the wayside.




nmeasures that are sonewhat nore conplex. Figure 7 shows an intersection
between two lines S1 and S2. In the 11 figure, the frequencies allocated to
,the various cells 1 to 6 that mght interfere with one another are seven
in number. Possible interference is indiceted by doubl e- headed
dashed-line arrows. In the exanple shown, three 5 spreadi ng sequences
referenced 1, 2, and 3 are shared between the seven cells that present
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follows. This is done using the cell control frames which contain a |ist
of trains to which a tine slot is allocated. 25 As soon as a train enters
a cell, the wayside cell controller allocates atinme slot to the train
once it has been identified on entry (sign-in). A determnistic protocol,
e.g. using the locations of trains determned wth the help of wayside
beacons can be used to resolve 30 conflicts when a plurality of trains are
simul taneously seeking to be registered in a cell. The tine slots




“allocated to the trains are allocated dynamcally from the wayside. The
exit of atrain froma cell is detected without 35 dialog between the
‘wayside and the train, nerely by the train failing to respond to requests
‘fromthe wayside. 12 The wayside cell contY¥®ller has one or nore wayside
transm ssion units and can be designed to request the on- board systemto
retransmt any information it has failed to received during the cycle

whi ch has justCikmrtesl, 5 t hereby naking t he systen1nnre robust without
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al ternation dur%wg two successive radi o cycles. . A system according to
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exchange fgames. m&mérsms&em‘ampédangobm@l asmiA @rgelahmedilysing a tinme
20 division nultlége ac&ﬁss node_.of tranfg1§§aoghe4 A s sten1accord|ng to

claim1 or clathf ¢hyeen the mobi transceivers
allocated to the cell take place on two different

frequencies (Fx, Fy) in alternation during two successive
radio cycles.

15
2. A system according to c¢laim 1, in which each cycle is
constituted by a plurality of short exchange frames.

3. A system according to claim 1 or claim 2, using a time

20 division multiple access mode of transmission.

4. A system according to claim 1 or claim 2, in which
frames containing essential information are always

transmitted on two frequencies in succession.

25
5. A system according to any preceding claim, in which
the pair of frequencies used in a cell is constituted by
two frequencies that are different from the frequencies
used in the adjacent cells.

30

6. A system according to any preceding c¢laim, in which
exchanges between the train and a wayside subsystem take
place using TDMA and a protocol for allocating time slots
to the trains in which a time slot is allocated to each

35 train entering a cell by a wayside radioc unit in respcnse
to the train sending an entry identification to the

wayside subsystem.



‘frames containing essential information are always transmtted on two
frequencies in succession. 25 5. A system according to any preceding claim
in which the pair of frequencies used in a cell is constituted by two
‘frequencies that are different fromthe frigguencies wused in the adjacent
cells. 30 6. A systemaccording to any preceding claim in which exchanges
between the train and a waysi de subsystemtake place using TDVA and a
protocol for allocating time slots to the trains in which a tinme slot is
all ocated to each 35 train entering a cell by a wayside radio unit in
response to the Pt rsa;'rstmrﬁdicr@réingamcp yc],aliamtﬁ fi i:at\i:bilchothbeexﬁa/ayef de
subsystem 14 7 h i £0

train froma c I(si(%?e%:?gé: ;d/iéf]g%ée'g &d&’? o%w%‘%efgpglé?% {Do élelgpond
to a request ftr@im tféD vESapeRd rtelid 1gduess @I‘W@c‘ah%dwabsx-ﬂ@ rafiio gnip
system acaprdijyg Jc<utd®i¢e lohd e ch the train has two car radio units
(CRU AV and CRU AR), one placed at the front and the other placed at the
back, and designed 10 to enable the two units to be handed over from one

cell to anothger A nsdanestleniddr@inl it SUCLASS]I ONin which the train has
two car radio units (CRU AV and CRU AR), one placed at

the front and the other placed at the back, and designed
10 to enable the two units to be handed over from one cell

to another independently and in succession.





