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(57) ABSTRACT 

Where synchronization in time and frequency in the doWn 
stream channel has been previously carried out, and deter 
mined by the sending of synchronization sequences (3) in a 
communication betWeen a head-end (1) and user equipment 
(2); the present invention is characterized because it corrects 
sampling frequency in the user equipments (2) by starting 
from the estimation carried out during frequency synchro 
nization in the doWnstream channel, to synchronize the 
upstream channel in frequency, removing the need for the 
head-end to make corrections in reception in the upstream 
channel. The user equipment (2) estimates (9) the moment 
the OFDM symbols (7) should be sent to the head-end (1) so 
that these are received by it at previously ?xed moments in 
time. Furthermore, this invention includes interrogation of 
the user equipment (2), Which alloWs them to place requests 
for access to the upstream channel With the head-end then 
making the distribution betWeen the requests received. It is 
applicable to sending of data in bi-directional communica 
tion over the electric network. 21, 2000. 
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PROCESS FOR SYNCHRONIZATION OF 
COMMUNICATION INVOLVING MULTIPLE USER 
EQUIPMENTS WITH A HEAD-END EQUIPMENT 
BY MEANS OF OFDM MODULATION IN THE 

UPSTREAM CHANNEL 

RELATED APPLICATIONS 

[0001] The present application is a Continuation of co 
pending PCT Application No. PCT/ES02/00239, ?led May 
21, 2002, Which in turn, claims priority from Spanish 
Application Serial No. 200101179, ?led May 23, 2001. 
Applicants claim the bene?ts of 35 U.S.C. §120 as to the 
PCT application and priority under 35 U.S.C. §119 as to said 
Spanish application, and the entire disclosures of both 
applications are incorporated herein by reference in their 
entireties. 

TECHNICAL FIELD OF THE INVENTION 

[0002] The present invention pertains to the telecommu 
nications sector, in particular it is applicable to tWo-Way 
communication betWeen a head-end and various users so as 

to carry out synchroniZation in the upstream channel, that is 
the link betWeen the users and the head-end, Where the 
electricity netWork is used as a means of communication to 
offer multiple services to the users. 

OBJECT OF THE INVENTION 

[0003] The objective of the present invention is to provide 
a neW, highly secure, time and frequency synchroniZation 
process for the upstream channel in the electricity netWork 
Which avoids problems, typically due to high noise levels 
and selectivity in frequency inherently present during the 
transmission of data over the electricity netWork, thereby 
avoiding the production of false indications of synchroni 
Zation in the upstream channel. 

[0004] By means of the process in this invention, synchro 
niZation in frequency is undertaken Whereby the various user 
transmitters synchroniZe at the frequency used by the head 
end receiver, starting from the signal received in the doWn 
stream channel, Which is de?ned as a communication run 
ning from the head-end equipment to the user equipment, so 
that the head-end equipment does not have to make any 
correction in frequency. 

[0005] Furthermore, the process described herein com 
prises synchroniZation in time, With the objectives of esti 
mating the moment in Which the user equipment must send 
the OFDM symbols so that the head-end equipment Will 
receive them at previously established ?xed moments and 
the user equipment modi?es the moment of transmission of 
the OFDM symbols so as to comply With this condition, and 
therefore the head-end equipment Will not have to undertake 
correction in time. 

[0006] Since synchroniZation in the upstream channel as 
described in the present invention is based on the synchro 
niZation carried out in the doWnstream channel, it must be 
mentioned that synchroniZation in the upstream as foreseen 
herein is based preferably on the synchroniZation process for 
the doWnstream as described in Spanish Patent application 
No. 200102254 (still unpublished). 

BACKGROUND OF THE INVENTION 

[0007] Various methods of synchroniZing communication 
in the upstream channel for transmission from multiple user 
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equipments using OFDM modulation are knoWn in the prior 
art, but none of these reaches the levels of high security 
needed to avoid false indications of synchroniZation in point 
to multipoint systems Where the means of transmission is the 
electricity netWork. 

[0008] It is Well knoWn that the electricity netWork is a 
dif?cult transmission medium due to the fact that the con 
nection and disconnection of different apparatus on the 
netWork produces voltage peaks and impedance variation on 
the line, that cause channel response to vary over time. 

[0009] Among the synchroniZation methods knoWn, it is 
important to mention the method described in US. Pat. No. 
5,732,113, concerning a time synchroniZation process using 
one synchroniZation symbol With tWo equal halves, Where, 
to carry out the synchroniZation a lesser number of samples 
is used than the number proposed by the present invention, 
and Where impulse noise, Which is very common in the 
electricity netWork, affects the synchroniZation to a much 
greater degree due to the fact that by de?nition these are 
occasional noises affecting a small number of samples, and 
therefore affect to a much greater degree the process in the 
US. Pat. No. 5,732,113, as already mentioned, more than 
the solution proposed in the present invention, therefore, the 
method of using only one synchroniZation symbol is not 
desirable in a transmission system using the electricity 
netWork. 

[0010] One must also indicate that the use of one synchro 
niZation symbol means greater variance in the calculation or 
estimation of the synchroniZation due to the use of a smaller 
number of samples to carry out the synchroniZation. 

[0011] P. Moose published the concept of using tWo equal 
symbols in: “A technique for orthogonal frequency division 
multiplexing frequency offset correction. IEEE Trans. on 
Comm., vol.42, pp2908-2914, October 1994”, but these 
symbols have never been considered or used to carry out 
time synchroniZation, as occurs in the present invention, 
instead, Moose used them to estimate the error in analog 
translation frequency. 

[0012] Furthermore, as has already been mentioned, syn 
chroniZation in frequency in the upstream channel is under 
taken by starting from frequency synchroniZation in the 
doWnstream channel, and as indicated in Spanish patent 
application ES-2188370-A1, frequency synchroniZation by 
means of the arc tangent of the correlation to correct the 
error in analog translation frequency is knoWn in the prior 
art, for eXample in US. Pat. No. 5,732,113 or in the article 
by Moose; hoWever in the case of the current invention, 
synchroniZation in frequency is carried out by means of 
estimating the sampling frequency error in the analog/digital 
converters in each one of the user receivers, Which is 
substantially different from What is knoWn in the prior art. 

DESCRIPTION OF THE INVENTION 

[0013] To carry out frequency and time synchroniZation in 
the upstream channel for multiple users in a point to mul 
tipoint transmission system With OFDM modulation using 
the electricity netWork as the transmission means, the cur 
rent invention comprises frequency synchroniZation by 
means of correcting sampling frequency in the various user 
equipment starting from the estimation carried out in fre 
quency synchroniZation in the doWnstream. Furthermore, it 
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comprises carrying out pre-compensation in the user equip 
ment to take account of the rotation suffered by the various 
carriers on being sent by the upstream channel that is 
calculated based on the estimation of the rotation suffered by 
the carriers in the doWnstream channel. Both these charac 
teristics alloW frequency synchroniZation in the upstream to 
be carried out Without the head-end equipment carrying out 
corrections in reception in the upstream channel, due to the 
fact that synchroniZation is undertaken in the user equip 
ment. 

[0014] Furthermore, the process in this invention com 
prises time synchroniZation Whereby the user equipment 
estimates the moment to send the OFDM symbols to the 
head-end equipment, so that is Will receive them in previ 
ously established ?xed moment of time, and so that time 
synchroniZation is carried out from the signal received in the 
doWnstream channel, Without the head-end having to under 
take corrections in reception in the upstream channel. 

[0015] The invention is further characteriZed because the 
user equipment is questioned by the head-end equipment by 
means of assignation slots (fragments of time and/or fre 
quency), said user equipments replying to the head-end 
equipment When they Want to send petitions to access the 
upstream channel, the head-end distributing band Width in 
the upstream channel betWeen the users that have requested 
to transmit and sending this distribution to the user equip 
ments so that they transmit Without collisions. 

[0016] Time synchronization is carried out by means of 
the user equipment sending the OFDM symbols in the 
moments estimated from the signal received in the doWn 
stream channel, so that the head-end receives them at a given 
moment in time, or at least in a time WindoW With a small 
number of samples, thereby avoiding the production of 
interferences due to not having correctly WindoWed the user 
signals. 

[0017] In consequence, the head-end equipment never 
advances or delays a reception WindoW; rather it maintains 
it in predetermined ?xed moments, to Which the user equip 
ment adjusts. 

[0018] Synchronization in frequency in the upstream 
channel is carried out from frequency synchroniZation in the 
doWnstream channel, because the same oscillators are used 
to generate the transmission and reception sample frequen 
cies in both the head-end equipment and the user equip 
ments. 

[0019] Pre-compensation for the rotation carried out in the 
user equipment is undertaken by means of a rotor beginning 
With the rotation estimation in each one of the carriers in the 
received signals over the doWnstream channel in the user 
equipment and for Which each user equipment has a rotor 
device in the transmitter as Well as that used in the receiver, 
both of these having a similar function. Therefore, the rotor 
in the transmitters in the user equipment Will function in the 
same manner as described in Spanish Patent application No. 
200102254 (still unpublished). 

[0020] Pre-compensation for the rotation alloWs the signal 
to arrive at the head-end equipment as if there had been no 
error in frequency, due to the fact that the rotation carried out 
on transmission by means of this invention pre-compensates 
for the rotation produced by the sending of data over the 
electricity distribution netWork. 
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[0021] Furthermore, the invention is characteriZed 
because time synchroniZation comprises the generation and 
sending of one or more synchroniZation sequences from the 
user equipment to the head-end When the head-end equip 
ment requires it; the synchroniZation sequence being made 
up of tWo identical synchroniZation symbols. The synchro 
niZation sequence is detected in the head-end by maximiZing 
the maximum likelihood criteria (knoWn in the prior art), so 
that time synchroniZation is carried out from the calculation 
of the maximum correlation of the sequence samples sent by 
the various users, Where this maximum is determined as the 
mid point in the ?at Zone of the correlation peak the siZe of 
Which in number of samples is equal to the number of 
samples of the cyclic pre?x (a pre?x that is conventionally 
introduced to avoid interference betWeen symbols) Without 
inter-symbol interference (ISI), and all of this being the 
same as that Which occurs in the doWnstream, except With 
the one difference, that the head-end equipment knoWs 
approximately the moment in Which the synchroniZation 
sequence Will arrive from a speci?c user equipment, due to 
the fact that a prior request has been made to do this by 
means of assigning a slot folloWing a slot allocation message 
(SAM) or assigning resources in the upstream to the users 
Which is conventionally sent by the head-end equipment to 
the user equipment, therefore the synchroniZation sequence 
is sent in the slot assigned to the user. 

[0022] The process of time synchroniZation in the 
upstream channel comprises an acquisition stage and a 
tracking stage Where the moment of transmission of the 
OFDM symbols in the various user equipments is estimated, 
so that said symbols Will be received by the head-end 
equipment in the previously established ?xed moments in 
time, as has been previously mentioned. 

[0023] The time synchroniZation acquisition stage is deter 
mined by an open loop in Which the user equipment estimate 
the start of transmission for each OFDM symbol beginning 
from the time synchroniZation obtained in the doWnstream 
channel; so that having estimated the moment of arrival of 
the OFDM symbols received in the doWnstream channel, the 
user equipment compensates for delays introduced by the 
?lters in its receiver and transmitter, as Well as average error 
Which is established due to the cyclic pre?x and transmits 
the OFDM symbols in the moment estimated in such a Way 
that the moment When the symbols begin in the electricity 
line Will be approximately equal in the upstream and the 
doWnstream. 

[0024] The time synchroniZation tracking stage is deter 
mined by a closed loop feed back in Which the head-end 
equipment estimates, by means of the received signal sent by 
the user equipment, the number of samples that must be 
advanced or delayed in the sending of OFDM symbols by 
said user equipment so as to receive them at the head-end 
exactly in the moment expected; therefore, the head-end 
equipment sends information in the doWnstream channel to 
the user equipment on the calculation carried out as a 
parameter of a SAM message and starting from this, the user 
equipment carries out said advance or delay in sending the 
OFDM symbols. 

[0025] The open loop in time synchroniZation is under 
taken continually so that the estimation carried out by the 
closed loop compensates for the delay introduced by the 
channel, thereby achieving adequate synchroniZation. 
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[0026] When the head-end equipment Wishes to know 
Which users are interested in transmitting via the upstream 
channel, it assigns interrogation slots to the user equipments, 
in Which the user equipments concerned send a predeter 
mined symbol (a POLLING symbol that indicates a reply to 
an interrogation) When they Wish to transmit in the upstream 
channel. 

[0027] The interrogation slots are divided into small frag 
ments of one or more symbol to interrogate various user 
equipments at the same time, and head-end assigns a frag 
ment to one or more user equipments that it Wishes to 

interrogate by means of SAM, so that the user that Wishes to 
transmit replies to the interrogation using this fragment and 
not a complete slot. 

[0028] In each fragment the users send only one POLL 
ING symbol, leaving the rest of the fragment in silence When 
this occupies more than one symbol, so that there is no 
overlapping of POLLING symbols in reply to the interro 
gation of the users that may occur, When replying in tWo 
distinct fragments When the user equipment is not correctly 
synchroniZed in time. 

[0029] The detection of the POLLING symbol that is the 
response to an interrogation request is carried out by means 
of the correlation of the received signal and that of the 
POLLING symbol previously stored in the head-end equip 
ment. To carry out this function one preferably uses a 
matched ?lter. 

[0030] The POLLING symbol has X equal parts so that 
during detection one may use a ?nite response matched ?lter 
With N/X products and delays, Where N is the number of 
samples in the POLLING symbol sent by the user in the 
fragment assigned to the interrogation slot When it needs to 
transmit in the upstream channel. 

[0031] Therefore, by means of the POLLING symbol the 
head-end equipment knoWs Which user equipment Wished to 
transmit, and therefore if necessary, asks for the synchroni 
Zation sequence by means of a SAM. 

[0032] The folloWing draWings are provided to facilitate a 
better understanding of the present invention and While 
forming an integral part of the detailed description and the 
claims, they offer an illustrative but not limited representa 
tion of the principles of this invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0033] FIG. 1. Schematically shoWs the time synchroni 
Zation acquisition stage constituted by an open loop for the 
transmission by the user equipment in the upstream channel. 

[0034] FIG. 2. Details the sending of OFDM symbols in 
the upstream channel folloWing the time synchroniZation 
acquisition stage. 

[0035] FIG. 3. ShoWs a time diagram of the time syn 
chroniZation tracking stage carried out by means of a closed 
loop. 

[0036] FIG. 4. ShoWs an eXample of the assignation of 
interrogation slots to determine Which users Wish to trans 
mit. 

[0037] FIG. 5. ShoWs a possible eXample of the ?lter used 
to detect the POLLING symbol. 
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DESCRIPTION OF AN EMBODIMENT OF THE 
INVENTION 

[0038] The folloWing is a description of the invention 
based on the draWings as described previously. 

[0039] As stated previously, the invention is applicable to 
tWo-Way communication over the electricity netWork 
betWeen a head-end 1 and various users 2 and has as its 
objective the provision of a process that makes synchroni 
Zation possible in the upstream channel in a point to mul 
tipoint system With orthogonal frequency division multi 
pleXing (OFDM) modulation, such as the process described 
in Spanish Patent application ES-2184587-A1. 

[0040] As knoWn in the state of the art, the head-end 
equipment comprises an analog/digital converter that is 
connected to certain analog components (a separator and 
?lters) that alloW the signal to be introduced into the 
electricity netWork, and through Which the signals are sent 
to the different user equipments 2, Where receivers take the 
signal from the electricity netWork by means of a separator 
and analog ?lter, and give this signal to an analog/digital 
converter, so that together, all of this alloWs communication 
to take place in the doWnstream channel. 

[0041] Similarly, the receiver of the head-end equipment 
comprises an analog/digital converter While the transmitter 
in the user equipment also contains an digital/analog con 
verter to alloW communication in the upstream channel. 

[0042] In one embodiment of the invention, an error in 
sampling frequency eXists betWeen the head-end receiver 
and the user transmitter, due to the differences betWeen the 
oscillators in their converters and because of Which the 
sampling frequency used in these equipments Will not be 
eXactly the same. 

[0043] The error in sampling frequency causes the con 
stellation in each of the carriers in the modulation to rotate 
symbol by symbol. Furthermore, errors in sampling fre 
quency also cause attenuation and noise in the system; 
therefore it is necessary to correct this error by means of 
synchroniZation in the upstream channel so that sampling 
frequency in the head-end receiver and sampling frequency 
in the transmitters of the user equipments Will be the same. 

[0044] A further problem also exists in that the head-end 
receiver may receive different information from different 
users through any of the carriers associated With the 
upstream channel; therefore it is necessary to undertake the 
transformation for the entire spectrum in the received signal. 

[0045] Furthermore, the head-end receiver must knoW the 
moment in Which the user equipments Will send the OFDM 
symbols, and for Which synchroniZation in time must be 
undertaken so as to avoid the production of interferences due 
to not having correctly detected the signals sent by the user 
equipments. 

[0046] Sampling frequency synchroniZation is carried out 
in the transmitters of the user equipments from synchroni 
Zation in frequency in the doWnstream channel. 

[0047] Therefore, frequency synchroniZation in the trans 
mitters of the users is carried out from the reference trans 
mitted by the doWnstream channel for synchroniZing the 
user receivers, as has been described in the Spanish patent 
application ES-2188370-A1. 
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[0048] The frequency used by the head-end equipment to 
transmit in the downstream channel is the same as the 
sampling frequency it uses to receive in the upstream 
channel (or a multiple or sub-multiple of it), and therefore, 
the frequency used in the doWnstream channel has the same 
error With respect to the nominal frequency Which is that 
used to receive in the upstream channel. Therefore, When the 
users receive synchroniZation information in the doWn 
stream channel and they synchroniZe in frequency, at the 
same time they synchroniZe in frequency in the upstream 
channel and as a result there is no need to add any further 
additional steps for synchroniZation in frequency of multiple 
user equipments in transmission to the head-end in the 
upstream channel. 

[0049] As described in Spanish patent application 
ES-2188370-A1, if in the doWnstream channel, error cor 
rection in frequency is carried out by means of a VCXO 
(voltage controlled crystal oscillator), then on carrying out 
frequency correction in reception for the users, at the same 
time frequency correction in transmission for the users is 
also carried out in the upstream channel, so that frequency 
correction in both channels is carried out at the same time. 
If on the other hand, error correction in frequency in the 
doWnstream channel is carried out by means of a resampler, 
as described in the Spanish patent application ES-2188370 
A1, then on the user equipment it Will be necessary to use 
a similar re-sampler in their transmission of same so as to 
pre-compensate this error in transmission and to ensure that 
the signal received by the head-end equipment Will not have 
frequency error. 

[0050] Furthermore, to correct the problem of the rotation 
of carriers in the upstream channel, it Would be necessary to 
use a rotor in the head-end equipment, for each one of the 
users in the system, Which Would suppose a huge memory 
and process capacity over the signal received by the 
upstream channel, since multiple users transmit at the same 
time over said upstream channel, and therefore this is a 
signi?cant dif?culty. 
[0051] To compensate for this dif?culty, this invention has 
foreseen that the process of the invention undertakes a 
pre-compensation of the rotation in transmission by each 
one of the users and each user equipment includes a rotor in 
the transmitter as Well as that used in its receiver as has been 
described in the Spanish patent application ES-2188370-A1. 

[0052] The rotor of the transmitter in the user equipment 
estimates hoW much the carriers must be rotated in the 
upstream starting from the amount rotated by the constel 
lation in each one of the carriers for the received signal from 
the doWnstream channel. 

[0053] Therefore, the signal arrives at the head-end equip 
ment as if it had no rotation in the carriers, because the 
rotation produced in transmission over the electricity net 
Work, has been pre-compensated. 

[0054] The operation of the rotor in the transmitters in the 
user equipment uses the same concept as that used to operate 
the rotor in reception used in synchroniZation in the doWn 
stream channel, and Which has been described in the Spanish 
patent application ES-2188370-A1, already mentioned. 

[0055] Time synchroniZation in the upstream channel 
comprises a phase in Which the user equipments estimate the 
moment to send the OFDM symbols to the head-end equip 
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ment, so that they receives them at previously established 
?xed moments of time, that is to say, the head-end never 
advances or delays its reception WindoW; rather, it is the 
users that carry out the adjustment in their transmission 
WindoW, advancing or delaying the moment When transmis 
sion of the OFDM symbols begins so that these adequately 
arrive in the reception WindoW of the head-end equipment. 

[0056] To carry out this function, time synchroniZation in 
the upstream channel is carried out by means of an acqui 
sition stage and a tracking stage. 

[0057] Time synchroniZation acquisition stage is carried 
out by open loop, and consists of extracting the information 
of the time synchroniZation obtained in the doWnstream 
channel, so as to carrying out synchroniZation in time in the 
upstream channel. This does not limit the system, because 
propagation times by the electricity netWork for the frequen 
cies used are very small compared With the duration of the 
cyclic pre?x that is conventionally added to the OFDM 
symbols to avoid intersymbol interference. 

[0058] On receiving the synchroniZation signal sent by the 
head-end in the doWnstream channel, each transmitter in the 
user equipment estimates the start of the OFDM symbols. 
The error in this estimation is negative due to system design, 
that is, it is estimated that the start of the symbol is previous 
to its real position so that it alWays falls Within the cyclic 
pre?x (Which is conventionally in front of the OFDM 
symbol); thereby avoiding intersymbol interference due to 
bad estimations. In the absence of a dispersive channel the 
average error in the estimation is half the length of the cyclic 
pre?x. In dispersive channels, such as is the case of the 
electricity netWork, the error is someWhat less, because the 
initial part of the cyclic pre?x is affected by intersymbol 
interference. 

[0059] Individual user equipments insert the OFDM sym 
bols to be transmitted in the upstream channel starting from 
the moment that has been estimated to be the start of the 
symbols in the doWnstream channel. For this the receivers in 
the user equipment estimate the moment of arrival of the 
symbols for the doWnstream channel, as for example is 
undertaken in the Spanish patent application ES-2188370 
A1, already mentioned, and compensate for the delay due to 
the reception ?lters in the doWnstream channel, the trans 
mission ?lters in the upstream channel and the average error 
committed, Which as has been mentioned, is half the length 
of the cyclic pre?x. By this means, from the point of vieW 
of the user equipment, the symbols in the doWnstream 
channel and those in the upstream commence in the same 
moment in the channel. It is evident that any other temporary 
relationship betWeen the symbols in the upstream and doWn 
stream channels could have been chosen Without limiting the 
process described in this invention. The temporary differ 
ence betWeen the symbols sent in the doWnstream channel 
and those received by the upstream, from the point of the 
vieW of the head end, corresponds to round trip delay 
introduced by the doWnstream and upstream channels. 

[0060] FIG. 1 represents the acquisition stage carried out 
by means of the open loop, knoWn as blind acquisition, 
Where the start 4 of the synchroniZation 3 sequence symbols 
sent in the doWnstream channel serve as a temporary refer 
ence for the user equipment 2, Which has been indicated by 
5. 
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[0061] Reference 6 in FIG. 1 represents the rest of the 
symbols sent in the downstream channel (data, equalization, 
etc). 
[0062] FIG. 2 schematically represents the moment in 
Which the OFDM symbols 7 are sent in the upstream 
channel, the moment 8 calculated as the arrival of an OFDM 
symbol 7 in the doWnstream channel according to the 
synchroniZation of this channel, and starting from this 
moment 8, estimating When to transmit 9 in the upstream 
channel, Where the error committed Will alWays be negative 
and is represented by the difference betWeen 8 and 9. In this 
Figure the numerical reference 10 represents the cyclic 
pre?x. 
[0063] Once blind acquisition has been carried out, the 
tracking stage begins by means of a closed loop because 
blind acquisition from synchroniZation in the doWnstream 
channel provides a temporary reference for When to transmit 
in the upstream channel, and since it can happen that this 
blind acquisition is not suf?ciently precise, the head-end 
equipment may not be able to discriminate the signal 
received, because as previously described it alWays Win 
doWs the signal received at ?xed moments. 

[0064] With blind acquisition correctly undertaken there 
remains one unknoWn value, from the point of vieW of the 
head-end equipment, due to the round trip delay in the 
channel that is estimated by means of the time synchroni 
Zation in closed loop. 

[0065] To this end, time synchroniZation is carried out in 
closed loop, so the number of samples by Which the user 
must advance or delay its transmission to ensure that Win 
doWing in the head-end equipment Will be optimum, is 
calculated through the signal received by the head-end from 
that user equipment. 

[0066] This feedback information is sent in the doWn 
stream channel to the user equipment implicated as a param 
eter of the SAM message. 

[0067] This process has been represented in a time 
scheme, starting from synchroniZation in the doWnstream 
channel so that the head-end sends synchroniZation 
sequences, 28, blind acquisition 12 is carried out in the 
manner explained, and at this point the user equipment sends 
data and the synchroniZation sequence, if this sequence has 
been requested by the head end, after having received in a 
SAM message 11 sent by the head end, and permission to 
use certain frequencies and times, that is, one or more slots 
in the upstream channel, as represented by the number 13. 
Starting from the synchroniZation sequence sent from the 
user equipment, the head-end calculates the number of 
samples that it must advance or delay so as to WindoW 
optimally, as has been represented by the number 14. The 
head-end detects the moment of arrival of the OFDM 
symbol from the user, and calculates the difference betWeen 
this moment and the exact moment in Which it should have 
arrived. This difference in the number of samples is the 
reference that is sent to the user equipment involved so that 
it can correct the moment in Which the symbols are sent. 

[0068] FolloWing this, the head-end sends the SAM mes 
sage represented by the reference 15 in Which it indicates the 
advance or delay that the user equipment must include in 
transmission of the OFDM symbols 7 in the upstream 
channel. The reference 16 represents detection of this infor 
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mation sent by the head-end Where the user equipment 
carries out the correction previously mentioned and sends 
the OFDM symbols 7 in the corrected moment, and includ 
ing, as an option, a synchroniZation sequence as represented 
by the reference 17, so that the OFDM symbols arrive at the 
head-end at the moment When WindoWing is carried out, as 
indicated by reference 18. 

[0069] It must be indicated that the acquisition stage is 
carried out continuously each time that a synchroniZation 
sequence is detected in the doWnstream channel, Where the 
moment of transmission is corrected With the open loop 
algorithm as described previously. Due to the fact that 
certain error may exist betWeen the head-end and user 
equipments in the sampling frequency, WindoWing varies 
sloWly and it is necessary to correct it by means of the 
acquisition stage described previously, before transmission 
is advanced or delayed so much that the receiver does not 
WindoW correctly. 

[0070] In the process that has been described, one of the 
problems that must be solved by the head end consists of the 
identi?cation of the user equipments that Wish to transmit at 
a given moment. 

[0071] To do this, When a user Wants to transmit in the 
upstream channel, it listens to the doWnstream channel and 
Waits until the head-end 1 indicates by means of the infor 
mation included in the SAM message 26, that one or more 
slots in the upstream channel are used for interrogation. In 
the example shoWn in FIG. 4, interrogation slots are 
assigned to each one of the three user equipments 2 shoWn 
and that may or may not Wish to transmit. An interrogation 
slot 19, divided into various fragments 27 (Where each 
fragment is assigned to one of the users to be interrogated), 
is assigned and each user interested in transmitting replies in 
this slot if and only if it is interested in accessing the 
upstream channel and by sending a predetermined symbol, 
knoWn as a POLLING symbol 20, to indicate the reply to the 
interrogation in the fragment 27 assigned by the interroga 
tion slot 19. It is foreseen that requests by the user equipment 
may collide When various equipments from the same group 
in the same section of the slot 19 are being interrogated, and 
therefore a process to solve contention may be put to Work 
or, on the contrary, the users affected Will be left to send their 
access requests again later. 

[0072] The interrogation slot 19 is divided in fragments 27 
greater or equal in siZe to the POLLING symbol 20 leaving 
the rest of the fragment in silence so as to avoid the 
overlapping of POLLING symbols 20 in response to the 
interrogation of various users replying in the various frag 
ments 27. Thus, the probability of interference is reduced, 
because the user equipments are already synchroniZed in 
time by blind acquisition, that is, in sub-optimum form, 
since part of the POLLING symbols 20 could be overlapped 
and this is avoided by means of introducing the silences 21. 

[0073] To detect the POLLING symbols 20, the head-end 
equipment uses a special device that includes a ?lter With the 
form of the POLLING symbol as shoWn in FIG. 5. This 
?lter includes a series of delays 22 through Which the 
response received in the interrogation slot 19 passes. 

[0074] These delays 22 are determined by the sample 
interval, that is, the inverse of the sampling frequency used 
to sample the signal. 
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[0075] The output of the delays 32 are multiplied by ?lter 
coef?cients Ci, Which are equal to the form of the POLLING 
symbol 20 due to the fact that the head-end knows this 
symbol. These coefficients are the complex conjugations of 
the samples that make up the POLLING symbol so that if the 
head-end is receiving a POLLING symbol 20, multiplying 
this by a multiplier 23 With the conjugated values and adding 
these by means of an adder 24, the maximum Will be reached 
and therefore the arrival of the POLLING symbol can be 
detected, and this is used in the head-end to indicate the 
arrival of a response to an interrogation message. 

[0076] Due to the fact that N is relatively high and 
therefore the number of products necessary is also high, the 
invention foresees reducing the number of operations so that 
a POLLING symbol 20 With X equal parts is sent and 
therefore N multipliers 23 and delayers 22 are not necessary 
since all that is required is N/X. The maximum is detected 
When the POLLING symbol arrives and X maximums 
appear. In summary, the detection of the POLLING symbols 
is carried out by means of correlating the signal received and 
the POLLING symbol previously stored in the head-end 
equipment and Which is detected by means of a matched 
?lter as described previously. 

[0077] With module 25 a signal indicating detection of the 
POLLING symbol is generated When the module detects a 
total of X peaks With approximately the same poWer level, 
and spaced at N/X samples. 

[0078] Once it has been detected that one or more users 
Wish to transmit, the head-end equipment communicates by 
means of SAM messages 26, Which user or users may have 
access to the upstream channel and the slots (time and/or 
frequency intervals) that may be used, these SAM messages 
being periodically sent in the doWnstream channel, as used 
for example in the process described in the Spanish patent 
application ES-2186531-A2 and, in case of necessity, the 
sending of a synchroniZation sequences folloWing blind 
acquisition 12 may be requested, as already described pre 
viously. 

1. PROCESS FOR SYNCHRONIZATION OF COMMU 
NICAT ION INVOLVING MULTIPLE USER EQUIP 
MENTS WITH A HEAD-END EQUIPMENT BY MEANS 
OF OFDM MODULATION IN UPSTREAM CHANNEL, 
applicable to tWo-Way communication over the electricity 
netWork, including means to add and extract a cyclic pre?x 
(10) from OFDM symbols (7) in order to avoid intersymbol 
interferences (ISI), and in Which a synchroniZation in fre 
quency and time is carried out in a doWnstream channel, 
determined by the communication from the head-end equip 
ment (1) With the user equipments (2) by means of sending 
synchroniZation sequences (3); said Process for Synchroni 
Zation of Communication comprising: 

frequency synchroniZation by means of correcting a sam 
pling frequency in the multiple user equipments (2) 
from an estimation carried out in the frequency syn 
chroniZation in the doWnstream channel; 

Characterized in that said Process for SynchroniZation of 
Communication further Comprises: 

pre-compensation, in the user equipments (2), of a rota 
tion that various carriers suffer on being sent in the 
upstream channel from an estimation of the rotation 
suffered by the carriers in the doWnstream channel, 
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avoiding corrections in reception in the upstream chan 
nel by the head-end equipment (1); 

time synchroniZation by means of an estimation, carried 
out by the user equipments (2) and the head-end 
equipment (1), of a moment When the OFDM symbols 
(7) are sent to the head-end, in order to make the 
head-end receive the OFDM symbols in previously 
?xed moments of time; 

interrogate the user equipments (2) by means of assigna 
tion by the head-end of intervals selected from: time 
intervals, frequency intervals, and combinations 
thereof in the upstream channel, slots (19), divided in 
fragments (27) for the interrogation of the user equip 
ments (2) Where the user equipments (2) reply to the 
head-end (1) if and only if user equipments (2) intend 
to access the upstream channel; from Which the head 
end equipment (1) distributes the upstream channel 
betWeen petitions received and sends said distribution 
to the user equipments (2) in order to make the user 
equipments (2) transmit Without collisions. 

2. PROCESS FOR SYNCHRONIZATION OF COMMU 
NICATION INVOLVING MULTIPLE USER EQUIP 
MENTS WITH A HEAD-END EQUIPMENT BY MEANS 
OF OFDM MODULATION IN THE UPSTREAM CHAN 
NEL, according to claim 1, characteriZed in that said Process 
for SynchroniZation of Communication comprises the use of 
equal oscillators to generate the transmission and reception 
sampling frequencies both in the head-end equipment and 
the user equipments, in order to make frequency error in the 
upstream channel proportional to frequency error in the 
doWnstream channel and to carry out synchroniZation in 
frequency in the upstream channel at the same time that 
synchroniZation in frequency in the doWnstream channel. 

3. PROCESS FOR SYNCHRONIZATION OF COMMU 
NICATION INVOLVING MULTIPLE USER EQUIP 
MENTS WITH A HEAD-END EQUIPMENT BY MEANS 
OF OFDM MODULATION IN THE UPSTREAM CHAN 
NEL, according to claim 2, characteriZed in that the pre 
compensation of the rotation carried out in the user equip 
ments is accomplished by means of a rotor included in the 
transmitter, estimated from the estimation carried out in each 
one of the carriers of the received signals in the doWnstream 
channel in the user equipment, avoiding rotation correction 
of the signal received from the various user equipments in 
the head-end equipment. 

4. PROCESS FOR SYNCHRONIZATION OF COMMU 
NICATION INVOLVING MULTIPLE USER EQUIP 
MENTS WITH A HEAD-END EQUIPMENT BY MEANS 
OF OFDM MODULATION IN THE UPSTREAM CHAN 
NEL, according to claim 1, characteriZed in that time 
synchroniZation comprises generating and sending at least 
one synchroniZation sequence from the user equipment (2) 
to the head-end (1) at request of the head-end equipment; the 
synchroniZation sequence comprising tWo identical synchro 
niZation symbols, and said synchroniZation sequence being 
detected in the head-end by maximiZing the maximum 
likelihood criteria, in order to carry out the time synchro 
niZation from a calculation of maximum correlation the 
sequence samples sent by the various users, said maximum 
being determined as the mid point in a ?at Zone of a 
correlation peak Whose siZe in number of samples, is equal 
to the number of samples of the cyclic pre?x (10) Without 
intersymbol interference. 
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5. PROCESS FOR SYNCHRONIZATION OF COMMU 
NICAT ION INVOLVING MULTIPLE USER EQUIP 
MENTS WITH A HEAD-END EQUIPMENT BY MEANS 
OF OFDM MODULATION IN THE UPSTREAM CHAN 
NEL, according to claim 4, characterized in that time 
synchronization comprises an acquisition stage and a track 
ing stage in Which the moment of transmission of the OFDM 
symbols (7) is modi?ed in the different user equipments (2), 
from an estimation carried out in order to make said symbols 
be received by the head-end equipment in previously estab 
lished ?xed moments in time. 

6. PROCESS FOR SYNCHRONIZATION OF COMMU 
NICAT ION INVOLVING MULTIPLE USER EQUIP 
MENTS WITH A HEAD-END EQUIPMENT BY MEANS 
OF OFDM MODULATION IN THE UPSTREAM CHAN 
NEL, according to claim 5, characteriZed in that the time 
synchroniZation acquisition stage is determined by an open 
loop in Which the user equipments (2) estimate (12) the start 
(8) of transmission for each OFDM symbol (7) beginning 
from the time synchroniZation obtained in the doWnstream 
channel; by having estimated the moment of arrival (9) of 
the OFDM symbols (7) received in the doWnstream channel, 
the user equipment compensates the delay introduced by the 
?lters in its receiver and transmitter, as Well as the average 
error Which is established due to the cyclic pre?x (10) and 
transmits the OFDM symbols (7) in the moment (9) esti 
mated folloWing the compensation. 

7. PROCESS FOR SYNCHRONIZATION OF COMMU 
NICAT ION INVOLVING MULTIPLE USER EQUIP 
MENTS WITH A HEAD-END EQUIPMENT BY MEANS 
OF OFDM MODULATION IN THE UPSTREAM CHAN 
NEL, according to claim 5 or 6, characteriZed in that the 
time synchroniZation tracking stage is determined by a 
closed loop in Which the head-end equipment (14) estimates, 
by means of the received signal (13) that Was sent in the time 
synchroniZation acquisition stage by a user equipment (2), 
the number of samples that the sending of OFDM symbols 
(7) must be advanced or delayed by said user equipment in 
order to receive them exactly in the moment expected; 
therefore the head-end equipment sends (15) said number of 
samples to the user equipment in the doWnstream channel as 
a parameter of the SAM message (26) that the head-end 
conventionally sends to the user equipment, and from this, 
the user equipment (16) carries out said advance or delay in 
sending the OFDM symbols, continually undertaking the 
open loop of the time synchroniZation, so that the estimation 
carried out by the closed loop compensates the delay intro 
duced by the channel. 

8. PROCESS FOR SYNCHRONIZATION OF COMMU 
NICAT ION INVOLVING MULTIPLE USER EQUIP 
MENTS WITH A HEAD-END EQUIPMENT BY MEANS 
OF OFDM MODULATION IN THE UPSTREAM CHAN 
NEL, according to claim 4, characteriZed in that the head 
end equipment indicates to the various user equipments 
When to send synchroniZation sequences (3), and grants slots 
by means of SAM messages sent in the doWnstream channel, 
so as to carry out adequate synchroniZation With respect to 
the user equipment, so that the detection of synchroniZation 
sequences (3) for a user in the upstream channel is only 
carried out that user Was ordered to send the synchroniZation 
sequence. 
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9. PROCESS FOR SYNCHRONIZATION OF COMMU 
NICATION INVOLVING MULTIPLE USER EQUIP 
MENTS WITH A HEAD-END EQUIPMENT BY MEANS 
OF OFDM MODULATION IN THE UPSTREAM CHAN 
NEL, according to claim 1, characteriZed in that the head 
end equipment assigns interrogation slots (19), divided in 
fragments (27) by means of sending SAM messages (26) to 
the various user equipments (2), said user equipment, in the 
case Where they need to transmit, transmitting a POLLING 
symbol (20) in the assigned fragments (27), in order to make 
the head-end equipment determine Which user equipment 
intends to transmit information and optimises the distribu 
tion algorithms of the upstream channel betWeen the user 
equipments. 

10. PROCESS FOR SYNCHRONIZATION OF COM 
MUNICATION INVOLVING MULTIPLE USER EQUIP 
MENTS WITH A HEAD-END EQUIPMENT BY MEANS 
OF OFDM MODULATION IN THE UPSTREAM CHAN 
NEL, according to claim 9, characteriZed in that the inter 
rogation slots (19) are divided into small fragments that are 
equal to or greater than the siZe of the POLLING symbol 
(20) in order to interrogate.various user equipments at the 
same time, therefore, the head end, by means of SAM 
messages, assigns a fragment to at least one user equipments 
that intend to interrogate and in Which the user that intends 
to transmit replies to the interrogation by means of a 
POLLING symbol (20) in the assigned fragment. 

11. PROCESS FOR SYNCHRONIZATION OF COM 
MUNICATION INVOLVING MULTIPLE USER EQUIP 
MENTS WITH A HEAD-END EQUIPMENT BY MEANS 
OF OFDM MODULATION IN THE UPSTREAM CHAN 
NEL, according to claim 10, characteriZed in that in each 
fragment the users send only one POLLING symbol (20), 
leaving the rest of the fragment in silence (21) When said 
fragment occupies more than one symbol, in order to avoid 
overlapping of POLLING symbols (20) in reply to the 
interrogation of the users, When replying in tWo distinct 
fragments While the user equipments are not correctly syn 
chroniZed in time. 

12. PROCESS FOR SYNCHRONIZATION OF COM 
MUNICATION INVOLVING MULTIPLE USER EQUIP 
MENTS WITH A HEAD-END EQUIPMENT BY MEANS 
OF OFDM MODULATION IN THE UPSTREAM CHAN 
NEL, according to claim 11, characteriZed in that the detec 
tion of the POLLING symbol (20) is carried out by means 
of the correlation of the received signal and of a POLLING 
symbol previously stored in the head-end equipment, by 
means of a matched ?lter in order to carry out detection. 

13. PROCESS FOR SYNCHRONIZATION OF COM 
MUNICATION INVOLVING MULTIPLE USER EQUIP 
MENTS WITH A HEAD-END EQUIPMENT BY MEANS 
OF OFDM MODULATION IN THE UPSTREAM CHAN 
NEL, according to claim 12, characteriZed in that the 
POLLING symbol (20) has X equal parts to use a ?nite 
response matched ?lter With N/X products (23) and delays 
(22), Where N is the number of samples in the POLLING 
symbol (20) sent by the user in the fragment assigned by the 
interrogation slot (19), When requiring to transmit in the 
upstream channel. 


