1 METHOD OF MULTI PLE ACCES COVMUNI CATI ON I N A CENTRALI ZED NETWORK BASED ON
AN ULTRA W DEBAND | MPULSE PHYSI CAL LAYER The invention relates notably to a
met hod and system of 5 conmunication ith a conmuni cations network supporting
a physical layer of wultra wi deband inpul se type, otherw se ternmed UVB
(Utra Wde Band) and IR (Inpul se Radio) respectively. It applies, for
exanple, in respect of communications in a network of potentially nobile
termnals, for which the users communicate either 10 towards a central
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are attachdttra yideband jupelse)type, etherwise teimed M&Gultrawﬂeoaaaw and

I nfrastructgr e for cellular 20 networks (figure 1). It
i s assuned IR gglés-kgq? d'? f%]sggpt“; recei ver used at each node is a |linear
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various users, and the letter B the base station.

15 it applies, for example, in respect of an "ad hoc" network whose
local organization (in the form of a cluster or aggregate) allows the
designation of a node (master or coordinator) serving as synchronization
reference for the other nodes which are attached to it (figure 2) or to
networks benefiting from an infrastructure of base station type for cellular

20 networks (figure 1). It is assumed moreover that the type of receiver used at
each node is a linear receiver of "rake" type, described for example in
document [1].

It relates both to general-public applications and professional
applications. Professional applications involve, for example, applications of

25 networks of sensors or requiring temporary deployment in zones without
infrastructures for intervention teams of the public safety type (firemen,
doctors, special forces, maintenance teams in risk zones, etc.). General-
public applications involve, for example, applications of telephony or
multimedia information transmissions aimed at replacing cables with wireless

30 links.

A wideband or UWB-IR (ultra wide band Impulse Radio)
transmission uses the whole of the band of the channel, thereby requiring the



transm ssi on uses the whole of the band of the channel, thereby requiring
the 2 wuse of tinme division duplexing (TDD) to exchange data between two
nodes. As a result, naturally, the acczss schene used for this kind of
transmssion is tinme division nultiple access (TDVA, AVMRT in French).
Moreover, it is known that systens using TDVA are limted in 5 capacity and
t he product of the nunber of users tinmes the useful throughput per user is
constant. A way to increase the bandwi dth of such a network is, for

exanpl e, t aseoofbiime cﬁvistmdledubleklslgo(ﬂ“Dﬁj)l toi @xahangeeadata (KddMBpntteohmbdRse Wi t h
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| ow-cost, | caPrUAHdtaR | npl ementation solutions, one is then reduced to
anal og Ilnear receivers of "rake" type where the decision is taken on a
linear conbinati onAfwalel tay éntreassithes bahdw%h sofgisach 28 networked, féhe only

rel evant paraneter left in the de n ste erfornance

optim zati (ﬂ‘alnéol?h@ cerhineA cofie dﬂs“i'%@n bP'ﬁga%cﬁﬁﬁ%b&A)s qohBidueti bl e to
find a cri tepianwhehohed diIRWS é@\)é'rénﬂs%tr e ti2hshfiCa WP Bhe R ARGME  the
MJl at the output of the receiver and t erefore enabl’es the best
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proposed accord ?glté the invention is, notably, based on the UMB-IR ultra
w deband | dchnol ogy. The principle of UAB-IRis to transmt the

:Rf or rertL ; on by meanskdiall ¥&de diKIGh rhillfpleS §8cd<’ COMA §y2eimsf LRvBaRrosecond)
THC (use of time-hopping codes) suffers from the phenomenon of
interference caused by'other users (MUI. Multi-User Interference).

15 In a general way, several schemes are potentially possible for
reducing or canceling the phenomenon of multi-user interference or MUI.
When restricting oneself to low-cost, low-consumption implementation
solutions, one is then reduced to analog linear receivers of "rake" type where
the decision is taken on a linear combination of delayed versions of the signal

20 received. The only relevant parameter left in the design of the system for
performance optimization is the datum of the time-hopping code. It is then
possible to find a criterion which allows minimization of the output variance of
the MUI at the output of the receiver and therefore enables the best
performance to be ensured.

25 The transmission system's physical layer proposed according to
the invention is, notably, based on the UWB-IR ultra wideband impulse
technology.

The principle of UWB-IR is to transmit the information by means of
very short impulses (of the order of a nanosecond) in baseband.

30 UWB-IR-THC transmission systems have essentially been
described at the level of the physical layer, for example in document [1]. The

idea of the THC is to transmit the impulses by spacing them out temporally in



30 UWB- 1 R-THC transm ssi on systens have essentially been described at the

| evel of the physical |ayer, for exanple in docunent [1]. The idea of the
THC is to transmt the inpulses by spacdng themout tenporally in 3 a
pseudo-random manner, each user having his own sequence. In principle this
all ows use of UWB in an asynchronous nulti-user context. The use of this
physi cal layer in practical systens is described for exanple in the two
articles [2] and [3]. 5 However, no prior art reference describes the way to
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transm ssi on using anpl rtude nodulation PPude Modul at i on).
The idea of the présetite kmweletgenf ted applicand! thibl ynly sokNishe FFopsdetup pPosi ti on
based nodul @Iti on otr PPMQéSLi[andi ﬂ_g for, Pul se Position Mdulation). The

i nvention rif| LY 05 SONRIEUCHRT ofNEnAAdesI £0RsBESE @BRIMING dhiei sesUlls ioh a
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associ atoed deditated tofrequeney hopping). 51 exarhplerig gpenf iordeetiment §4]. Taggachr onous

Critori on (<08l Pl daf SRR of SoneRIPTt SRl o R coT M Wit lofs users
T &t the Suraut Br L & ke o PR LR oh PR T ) "ori gi nati ng
froma user being étpreassedtly, wekeubdishedfn ] showethavhto sharaaleriaé the
best codes (within the sense of the minimum variance of the MUI) for a UWB-
15 IR ftransmission using amplitude modulation (PAM: Pulse Amplitude
Modulation).
The idea of the present invention relates notably to systems using
position based modulation or PPM (standing for Pulse Position Modulation).
The invention relates to a method of multiple access communication
20 in a centralized network based on an ultra wideband impulse physical layer
allowing multiple access based on time-hopping codes, each user being
associated with a code, the transmission being performed in an
asynchronous manner in a propagation medium with multiple paths,
characterized in that a criterion is established so as to find the codes of the
25  Nu various users making it possible to minimize the variance of the muilti-user
interference J, at the output of a linear receiver, the signal received r{t)
originating from a user being expressed in the form of a sum of the signal of
interest ry(t) originating from user n and of a term corresponding to the multi-

user interference, J, where r(t)=r (t)+J, +n(t)

NP
30 with r,(t)=D Ars (t—7i) where A’ and 7, are respectively the amplitude
k=1



interest rn(t) originating fromuser n and of a termcorresponding to the

multi- user interference, Jn where r(t) =r"(t)+J, + n(t) NP 30 with r"(t) =
j Aks"(t - TI) where An and r are respsettively the anplitude k=1 4 and the
delay of the kth path of the transm ssion channel between user n and the

receiver, and in that to determ ne the codes of the users use is made of the
partial cyclic inter-correlations of the codes which satisfy the foll ow ng
criteria: NN, -1 5 [Cmn(g)+rMn(g)l =N, , g=0 NON,-1 X Cnn(q)Cm (q) = O,

gq=o for m =anl, thi,dely of the=kth,pgath NEttRNamsmisBlonvdreimmeNbeiwedmasdrunied  of
frames, Nc,i's the nunber of chips, and N. is the nunber of users

transmtti ﬁBetr%CEi'Yﬁar central point or the nunber of point to poi nt |inks

si mul t aneouglyid f %H‘&e%t%ﬁﬂmell@]ei &)c?esp?f fHe biSerOl scﬂ‘ﬂsicfetalnf Opaﬁ a}ﬁ?r k. The

conmuni cati ons between e users are, Tor exanple

mul ti - poi ntcythic eémtoreslatioms obithieartaies Misich Eu&ﬁ?ltl@@ fcﬂroﬁﬁﬂ%bﬁtérbe advant ages
not abl y of obt ai ni n t| me- hoppi ng codes that guarantee high performance,

not any in regard 4 uaglity, throughput, operating error
pr obabi I|ty or of fv f qﬁg%zqﬂ er of simultaneous users. O her

characteristics and advant ages of the invention will beconme nore apparent
on readi ng the desgritption which follows given by way of wholly nonlimting
illustration accoannCé,ql,(dp)ﬁ,,;nlﬁe):f:Dgures which represent: 20 Figure 1 a
conmruni cati on netwefk conpri SI ng a central poi nt, Figure 2 a comuni cation

network w t h BJOI n1t }{ONpO' i 1 k %Séng n+ m, where Ny is the number of frames,
N is the number of chips, and N, is the number of users transmitting to the
central point or the number of point to point links simultaneously transmitting
10 in a peint to point centralized network.
The communications between the users are, for example, point fo
point or multi-point to point communications.

The invention presents the advantages notably of obtaining time-
hopping codes that guarantee high performance, notably in regard to service

15 quality, throughput, operating error probability or of increasing the number of
simultaneous users.

Other characteristics and advantages of the invention will become
more apparent on reading the description which follows given by way of
wholly nonlimiting illustration accompanied by the figures which represent:

20 ¢ Figure 1 a communication network comprising a central point,
e Figure 2 a communication network with point to point links, and
¢ Figure 3 the positioning of the impulses correspending to a symbol in

a frame.

25 Description of the codes, optimization criterion,
The PPM or pulse position modulated UWB-IR signal transmitted

by user n may be written in a conventional manner:
s,(0=\PT, S w(t-kT,-¢,(K)T,-5d, (L kIN, 1)-6,) (1)
k

where {€ (k),k=0,..,N, -1} is the time-hopping code of user n with values



Figure 3 the positioning of the inpulses corresponding to a synbol in a
frame. 25 Description of the codes, optim zation criterion. The PPM or pul se
position nodul ated UMB-IR signal transmgtted by user n may be witten in a
conventional manner: sn(t)= PT IWt-kT-cn(k)T -,5dn(tk/N,j)-an) (1) Ck

where {cn(k), k =0,...,N, -1} is the tine-hopping code of user n with
values 5 in [O,..., NO -1], W(t) is the unit energy inpulse, P. is the nean
transmssion power, N, is the nunmber of frames per synbol, T, is the width

of the frarﬁg T Njs— RIEat bat g.ar term
"chip", Sis P'he N o]ul a@ g%h?é;gggeg?@h@ PPM @Fn}(%kt;h%l ns‘llé?ﬁ\g&sf%m%%g%
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It is assumed that N, users numbered from 1 to N, transmit at the

same time in a multipath propagation medium.

10 From the standpoint of a receiver (different from the N, active

transmitters), the expression for the signal received is then given by
NU
r(t)=2 r,(O)+n(t) (2)
n=1

where n(t) is the noise at the receiver that is assumed to be white and
Gaussian and r.(t) is the signal received originating from user n and the

15 expression for which is:
r(t)= ZA (=7 (3)

where A" and 7 are respectively the amplitude and the delay of the kth

path of the transmission channel between user n and the receiver.

A very general transmission channel model is assumed for which

20 the amplitudes have zero mean (i.e. E, [A,’j] =0) and are independent (i.e.

E, [A;Af,‘] =0 when j = k). It is assumed moreover that the various random

parameters of the model are independent.

Let us assume now that one seeks to demodulate a particular user

(user 1 will be chosen subsequently). The term of interest r(t) is then

25 identified in the signal received (2):
r(t)=r(t)+J, +n(t), (4)



A very general transm ssion channel nodel is assunmed for which 20 the
anpl i tudes have zero nean (i.e. EA[Ak J = 0) and are independent (i.e. EA
[ALA" ] = 0 when j s k). It is assuned @oreover that the various random
paranmeters of the nodel are independent. Let us assune now that one seeks to
denodul ate a particular user (user 1 wll be chosen subsequently). The term
of interest rl1(t) is then 25 identified in the signal received (2): r(t) =
ri(t)+J1 +n(t) , (4) 6 N the termJ, _ rn(t) then being identified as the
mul ti-user interferente. n=2 The object of the invention consists notably

i n establ i SAEAGMA J; e 21/t dhemhping iderified as hesmiulii-esardnfarfedendee codes of
the various users nEking it possible to mnimze the variance of this

interference so as T %b%argpttﬁg i}]g&tg)%s\tlcmoﬁﬁirslsgi_@%g.igl %ﬁ{@%ﬁéﬁhgﬁf

i nvol ves cal cul ating the’varrance t

par anet er s @itetidre wiidiel makeplit podsidle toleinly she awBEGOMS WaricBS SWErEY t he
codes are determnistic. In order to facilitate the calculation, (1) for

exanple is Paldpgsik Rasgible ﬁani@FjUﬁQ/ém%ma”ﬁﬂﬁmOfMi%ﬂnf@ﬁamw sheas to
Cons T DT HleRhnleRINEYIRP pERoffonckd IEEIAGI VR BS okt BE JAranEE ™

W representatl on may wr

c" () W(t - kNfT Sz jWith (regpédt) tOlthe danbasm warirBete?$ (df) thd nmoddl- (ampiedlies 13 Wi th
values in {Q 1} are the "devel oped" codes deduced from{cn(j), J] =0,...
ON,. -1} , defayhasyetionism), &Ssem(dg thélcddeskr6 dickormiNsGe~j © ~Nr - 1,
,k=0,...,NN,-1. O ot hgrwi se. Figure 3 illustrates the positioning of the

i mpul ses corr espondi fgder @ Rcliatg dhe icalcylatioanél) forexampe isntepresanted

correspondiiRgad QoiviNEHOtorinS Whikh Athbles the contribution of the codes to be
10 extracted from inside the argument of w(t). The new representation may be

written:

NN, -1

s, (=PT, XY c,(w(t-kNT, - jT, - 5d, (k)-0,)

where {c,(), j =0,...N_N, -1} with values in {0,1} are the “developed" codes
deduced from {¢,(j), j =0,...N, -1}, by the relation:

1 if k=&(j)+jN,,0<j<N, -1

. k=0,... NN, -1
0 otherwise.

15 cn(k):{

Figure 3 illustrates the positioning of the impulses corresponding
to a symbol in a frame. The time interval corresponding to a symbol is divided
into N, frames, each containing an impulse. The duration of a frame is
divided into N_ "chips”, the number of the "chip" in which the impulse is

20 positioned being given by the value of the code ¢(k). Figure 3 shows the
position of the impulse corresponding to the symbol d, (2) and frame n°3
which is situated at “"chip" n°2, corresponding to the code value
c,(2*NN, +3*N_+2)=1.

The calculation of the variance of the multi-user interference is

25 known to the person skilled in the art and will not be detailed. It follows for

example the approach indicated in [5], namely, the successive calculation of

the expectation according to the variables: amplitudes, symbols and



into N, frames, each containing an inpulse. The duration of a franme is
divided into Nc "chips", the nunber of the "chip” in which the inpulse is 20
posi ti oned being given by the value of the code c(k). Figure 3 shows the
position of the inpulse corresponding td the synbol dn(2) and frane n3

which is situated at "chip" n2, corresponding to the code val ue

cn( 2*NCN, +3*NC+2) =1. The cal cul ati on of the variance of the nmulti-user
interference is 25 known to the person skilled in the art and will not be
detailed. It follows for exanple the approach indicated in [5], nanely, the
successi ve ¥IWNEOIA$BN of the expectation according to the variabl es:

anpl i tudes, . onism The follow ng result is obtained:
N. VM ":C],Aﬁéld@ﬁw%%% |§%ﬁ1¥£|ﬁ%§.1” ftt,n+y (5) n=2 where Ti is a

constant dependent on the paraneters, of the propagation 5 channel and the

formof the inpul sé¥ul,= Es,AJ/Ebndt adi Pleheindenty -¢n,lt he paranet er s(5pf the
channel and y is a positive constant2dependent on the inpulse, with: NON -1

= + = , - ) , = wh
cmn(a) and WEG) -l o itstpfl Bebfadentian dos it ahelsd dhtnsléloralatonoel oped
codes of; uslzhndl 39 the T BFInDimolisk, 5" 6%orstént BeRESE on Phe (B

parameters of the channel and 7 is a positive constant dependent on the

impulse, with:
NN, -1
Koo = 2, Co(@)+C.2(q) (6)
q:
NN, -1
bmn = 2, Cral@)Ch (@), (7)
q=0

10 where C_ (q) and C, (q) are the cyclic partial correlations between the

developed codes of users m and n, defined by:

C,.a)= qZ ¢, (ke (k~q), (8)
Con(@)= 3. c, k), (k-q). ©)

The partial correlations being positive or zero, the quantities «,_,
15 and £ . are also positive. Having regard to the positivity of the variables P,,

¢, and ¥, the minimization of (5) according to the codes amounts to

minimizing each of the values of the set {x,, +y7-éj1,n}::2. It can be proven

that the minimum values of &, and «,, are respectively 0 and N; and that

they can attain these minimum values simultaneously. In this case, the value

20 «k,,+7-&, has then been minimized independently of the value ¥.

Consequently, the codes minimizing the variance of the multi-user

interference (5), are those which satisfy:
&,=0 and x,, =N/, n=2_.N, (10)

it is possible to characterize these codes in a simpler manner, through the



NON, -1 Cmn(qg)= Y cmk)cO(k-q). (9) k=q The partial correlations being
positive or zero, the quantities Kmn 15 and ~tm are al so positive. Having
regard to the positivity of the variabl&s Pn, on and T, the m nimzation of
(5) according to the codes anmounts to mnimzing each of the values of the
set {x,n+y ~in}N2. It can be proven that the m nimum val ues of “yin and
icin are respectively 0 and N, and that they can attain these m ni num

val ues sinmultaneously. In this case, the value 20 Kin+y , n has then been

m nim zed ifpliteyving dantiay (ot prdvenvisere T.  Consequently, the codes mninim zing
t he variance of the multi-user interference (5), are those which satisfy:
Si, n=0 and
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NON 1 mnimumO) and 1 , mnlrrum(K,,, =N) r-->2Z C,‘,,(q) = N, g=o0 where
CR,,, - CtHen 0 EhURRILA
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(;ptzl nalltyr’%)lgg;uhseek(frﬁg eren’élgl\lls 110 Z c1(k)c,(k-g)< 1, g=0.... NcN -1,
NN, -1
> Cl@)=N} n=2..N,. (11
q=0

It is possible also to establish a third equivalent characterization of the

optimality of the codes:

KN, -1

10 c(kyc(k—q)<1, g=0..NN,-1 n=2..N

u
k=0

(12)

The criteria (10), (11) and (12) are equivalent and make it possible to verify

whether a code is "optimal” in relation to user 1.



The criteria (10), (11) and (12) are equivalent and nmake it possible to
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as to find the codes of the Nu various users nmaking it possible to mnimze
the variance of the nulti-user interference J. at the output of a linear
receiver, 10 the signal received r(t) @®@iginating froma user being
expressed in the formof a sumof the signal of interest rn(t) originating
fromuser n and of a term corresponding to the nulti-user interference, Jn
where r(t) = rn(t)+Jn +n(t) No with rn(t) _ Ansn(t - zn) where An and z, are
respectively the anplitude k=1 15 and the delay of the kth path of the
transm ssi on channel between user n @hAIMS8he receiver, and in that to
determ ne the codes of the users use is nade of the partial cyclic
inter-correlations of the codes which satisfy the followng criteria: NON, -1
7 [ Cnen(q) AC2A(ethad of nwlkplg=accaasncornmurication( i) ensenteplized nefaert or m

=1,...,N" , = , : r ' w}%ﬁ L LT S
t he nunber bggeghnpgp d;&%%ﬂﬁelﬂasﬁq %pu‘é‘@g ery]y[)C]all Eaé}g?%”pré mﬁéelégﬁt%gg? hglq
central spoibase@ror tisePhofeng @odeel Bach asebsingl asdceigtedwitinaesde Yhe

transmtting in a point togpoi nt centralized network, 25 where Cm(q) and
cm(q) ar e tEANSNESTPN PaiRg PRHLIMBBE g (3 pPETEhFRAIMSManRer iyaveIopaeatiebdes of

user s m and g AELIA5Hy o SR B EGRIE W B arite A is BSfBoidnedAl -2
as to find the codes of the Nu various users making it possible to minimize
the variance of the multi-user interference J, at the output of a linear receiver,
10 the signal received r(t) originating from a user being expressed in the form of
a sum of the signal of interest ry(t) originating from user n and of a term
corresponding to the multi-user interference, J, where
r(t)=r,(t)+J, +n(t)

)

with r,(f)=> Aks (t-1,) where A} and 7, are respectively the amplitude
k=1
15  and the delay of the kth path of the transmission channel between user n and
the receiver,
and in that to determine the codes of the users use is made of the partial

cyclic inter-correlations of the codes which satisfy the following criteria:

NcNf -

2 [Ch@)+Cr(@l=N,
g=0

NN, -1
20 Y. C.@)C; . (q)=0,
=0

for m=1....,N,, n=1...,N, and n= m, where Nt is the number of frames, N
is the number of chips, and N, is the number of users transmitting to the
central point or the number of point to point links simultaneously transmitting

in a point to point centralized network,

25 where C;.(q) and C, (q) are the cyclic partial correlations between the

developed codes of users m and n, defined by:

C:.(@)= 3 o, (K)o, (k~q), and

k=0



2 - The nethod as clainmed in claim1, characterized in that the

communi cati ons between the users are point to point or nulti-point to point
comuni cations. 5 3 - The nmethod as clained in claim1, characterized in
that to determine the codes of the usdds use is made of the
inter-correlations of the codes which satisfy the following criterion:

NON, -1 Cmn(qg)=N, q=D 1o for m=1,...,Nu, n =1,..., N'  and n s m where N
is the nunber of franmes, Nc is the nunber of chips, and Nu is the nunber of
users transmtting to the central point (in nmultipoint to point, or uplink
mode) or tQﬁbnunb Mof paint to point links simultaneously transmtting in

a point to e “cebt Falf)gdd &t work. 15 4 - The method as claimed in claim

1, characterized ifi%that to deternm ne the codes of the users use is nade of

the inter-corre i e satistyiqng W g i i on:
NUN, -1 E gr(k) Eﬁ%k?ﬁ?h §§ %Qq:é@q %% l\'ﬁNHaﬁj 1k:8h$§ar°ftérﬁi:e%, S tigae ttﬁén

=1, ..., N' awihmu#icationd &ebvdén itfse Likersnarebpoindto poartes, mlti-p&@ot tes pbimeé nunber
of chips, and N, js the nunber of users transmitting to the central point
(in mul ti pdi9MMEBICBEPPR: or uplink node) or the nunber of point to point

| i nks signul t aneously transmitting in a point to point centralized network.

3 — The method as claimed in claim 1, characterized in that to determine the
codes of the users use is made of the inter-correlations of the codes which

satisfy the following criterion:

NN, 1
> C2.(q)=N},

g=0

10 form=1...N,, n=1..N, and n=m, where N; is the number of frames, N

is the number of chips, and N, is the number of users transmitting to the
central point (in multipoint to point, or uplink mode) or the humber of point to

point links simultaneously transmitting in a point to point centralized network.

15 4 — The method as claimed in claim 1, characterized in that to determine the
codes of the users use is made of the inter-correlations of the codes

satisfying the following criterion:

NN, -1
Z ¢, (k)c,(k-qg)<1 q=0,..NN, -1,
k=0
for m=1...,N,, n=1...,N, and n=m, where N is the number of frames, N

20 is the number of chips, and N, is the number of users transmitting to the
central point (in multipoint to point or uplink mode) or the number of point to

point links simultaneously transmitting in a point to point centralized network.





