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[ Title of the Invention

[
C Method for estimating a propagation round trip delay

[ and communication system
[

TECHNICAL FIELD OF THE INVENTION

The present invention relates to a method to estimate muitiple round trip
delays attached to celiular terminals from a RACH signal received within a
dedicated time slot multiplexed onto an uplink traffic multiplex frame.

BACKGROUND OF THE INVENTION

[
[

[

[

[

[

[

[

[

[

[

[

[

[

[

[ In @ UMTS-like cellular communication system comprising an uplink (UL)
[

. from a set of terminals (T) to a base station (BS) and a downlink (DL) from the
[ base station (BS) to each terminal (T} of the set, it is well known to provide a
E random access channel (RACH) in time domain, the RACH being time
[ muitiplexed with an uplink {UL) traffic.

E In uplink, random access is usually meant by contrast with scheduled
¢ traffic wherein traffic channels are tightly synchronized by a timing advance
L mechanism. _

[

[ Indeed, random access is used by a terminal when no uplink resource (in
[ tme, code and or frequency) has been assigned to the terminal by the base
E station (BS). For instance, this occurs for initial access to the network, when the
. terminal is switched on. "

[ In some communication systems (e.g. using an Orthogonal Frequency
[

. Division Multiplex), synchronization of the uplink at the base station is beneficial
" for increasing performance and even required for operating.

[
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This is obtained by the timing advance means whereby the base station
measures the round frip deiay (RTD) with each terminal, the round trip delay
depending on the distance beiween the base station (BS) and the temminal (T),
and the base station sends a terminal — specific timing advance information to
each terminal in order that the terminal shifts its uplink data transmission so as fo
align its data with other uptink terminals’ data at the base station (BS).

A well known method tc measure the round trip delay comprises the

following steps. Firstly, the terminal (T) performs downlink (DL) synchronization
including data timing, frame and frequency synchronization. Then, the terminal
sends its own associated RACH containing at least a preamble also called
signature and possibly a message just after the end of the reception of a
predetermined symbol {e.g. after the end of a first synchronization sub-frame of
the downlink (DL) frame). Finally, the base station (BS) detects the RACH
sighature and determines the round trip delay RTD as the delay between the end
of the downlink transmission of the predetermined symbol and the beginning of
the uplink RACH reception eventually following a predetermined processing
duration at terminal level.

As known per se, a RACH signature is coarsely synchronized, signature
reception time slot in uplink at base station requires to be carefully seized in order
to avoid any undesirable interference with synchronized schedule fraffic data.

in general case, an idle period is needed as regard type of traffic multiplex
and/or transmit/receive duplex in order to avoid such interference, which should
be minimized.

When using a usual correlation process in time domain the size of the
signature receiving time slot cannot be minimized while limiting the self noise
generated by the correlation process since a sliding correlation window or a comb
cormelating architecture, need to be used.

When the size is minimized by using a fixed correlation window, the self

noise generated by the correlation process is increased.
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: The objective problem is that, when using a fixed correlation window in

rorder to minimize the size of the sighature receiving time slot, the self noise
Egenerated by the correlation process increases and round trip delay RDT

r estimation accuracy decreases.

SUMMARY OF THE INVENTION

[
[
[
[
[
[
[ The object of the invention is to provide a RTD estimation method.in time
[

[

domain with a size optimized signature receiving time slot that increases the

r accuracy of RTD estimation.

L

[
[ According to parficular embodiments, the method for estimating a

[ propagation round trip delay comprises one or more of the foltowing
[
characteristics: [dependent claims 2 to 15).

The invention accordingly relates to [claim 1].

[
[ The invention also relates to a communication system [claim 16).

E According to particular embodiments, the communication system
r compyises one or more of the following characteristics: {dependent claims 17 to
[

: 18].

[

[ "
[ A better understanding of the invention will be facilitated by reading the

" following description, which is given solely by way of examples and with
[

. reference to drawings.
L
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in figure ‘l',' three configurations of a single terminal mobile communication
system 2 are illustrated. The single terminal rhobile communication system 2
comprises a user terminal 4 referenced as T1 and a base station 6 referenced as
BS. In a first configuration, the terminal 4 is located at a first position referenced
as P1. In a second configuration, the terminal 4 is iocated at a second position
referenced as P2. In a third position, the termina! 4 is located at a second position
referenced as P3. As P1 is close to BS, P2 is located further from BS and P3 is
located the furthest from BS. '

At each position P1, P2 and P3 the terminal 4 is able to receive the same
downlink signal 8 transmitted from BS but with different propagation path delays.

At each position P1, P2 and P3 the terminal can transmit respective
uplinks signals 10, 12 and 14.
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E Time required for the base station 6 to transmit a data to the mobile 4 and
. to receive the same data after immediate retransmission upon reception by the
E terminal 4 depends on the two ways path distance and is referred as round trip
. delay RTD.

Round trip delays corresponding to P1, P2 and P3 are respectively
referenced as round trip delay RTD1, RTD2, and RTD3 with RTD1<RTD2<RTD3.

The maximum coverage range as defined herein by the position P3
defines the cell 16 served by the base station € and can be characterized by
round trip delay RTD3.

In the figure 2, a downlink 18 and an uplink 20 data structure are
illustrated, wherein time attached to an abscissa axis is flowing from the lefi to the
right. The downlink frame 18 is a time multiplex of several traffic data bursts 22
and regufarly spaced synchronisation bursts, only one 24 being shown herein.
The uplink frame 20 at base station 8 level is a time multiplex of scheduled traffic
data 26 and regutarly spaced RACH (Random Access Channel) receiving time
slot 28. Since the useful part of RACH as regard synchronization properties is its
preamble, also called signature, only signatures will be described from here.

in order to enable a terminal 4 to synchronize in uplink with the base
station 8, after propagation of the end signal 30 of the synchronization burst 24
transmitted from BS and upon reception, possibly after a predetermined duration,
the terminal 4 transmits a signature referenced as SGN1 for its data structure and
referenced respectively 32, 36 and 40 as depending on the transmission location
of the terminal P1, P2 and P3. The signature SGN1 received within the signature
receiving time slot 28 is located differently depending on the ferminal position and
is respectively referenced as 34, 38 42 when issued from the terminal located at
P1, P2 and P3. The difference of time between the start order time 30 of the
synchronization burst 24 and the end of reception of the signature SGN1 at base
station 8 level, possibly following the predetermined duration at terminal level, is
equal to the round trip delay of the terminal 4. Round trip delays corresponding
respectively to the received signatures 34 (in full lines frame), 38 (in dotted lines
frame) and 42 (in phantom lines frame) are round trip delay RTD1, RTD2 and

RTD3. In the figure 2, the propagation paths of the signature tail ends are shown

[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
. in bold lines in the axis frame distance from base station versus time.
0
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In figure 3, the data structure 44 of the signature SGN1 is shown. The
signature SGN1 comprises a set of data 46 that can be divided into a reference
sequence 48 referenced as SEQB1 and a cyclic extension 52 referenced as
SGN1-T that can be viewed as a tail part of the signature SGN1.

_ The reference sequence SEQB1 is a set of successive data from a, to ay,
N being the length of the reference sequence 44. When transmitted by the
terminal, the first data transmitted of SGN1 is a;.

A head part 50 of the reference sequence of SEQB1 is the sequence of
data ranging from a, to ax and the cyclic extension SGN1-T has the same data
structure as the head part SGN1-H. In a variant, the cyclic extension may be
located at the head of signature and have a same data structure as the taif part of
the sequence.

Here, the sequence is a CAZAC (Constant Amplitude Zero Auto-
Correlation) sequence and more particularly a Zadoff Chu sequence defined as

a(k) = W¥'»% i N even, k=0, 1, ...N-1, g is any integer

a(k) = Wre2e GeN odd, k=0, 1, ...N-1, g is any integer

with W), = exp(—j2zr/ N) where ris relatively prime to N.

A CAZAC sequence has a péricdic autocorrelation function which is a
Dirac function. Constant amplitude enables a good protection against non-
linearity when high power transmission is needed.

As a variant, a sequence ZAC (Zero Auto-Correlation) may also be used.

In the figure 4, the signature reception time slot 28 is shown with the three
superposed signatures 34, 36, 38 corresponding to the same terminal T1 located
al three different positions P1, P2 and P3. The signature receiving time siot 28 is
arranged so as to include integrally all the received signatures 34, 36 and 38,
thus covering the whole range of round trip delays. The signature receiving time
slot 28 comprises a correlation time window 54 which is fixed in time, whose
length is equal to the reference sequence length N and wherein a cyclic

correlation process will be performed. The start time 56 of the correlation process
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correspands to the right end of the correlation time window in the figure 4. The
start time 58 of reception of a signature 34 assigned to a terminal 4, located very
close to the base station 6, corresponds to the right end of the signature receiving
tie slot 28. The time interval delimited by the times 56 and 58 defines a n idle
period 60. The idle period 60 may be necessary in order to avoid interference of
signature or RACH with scheduled traffic data.

The cyclic extension 52 of the sequence SEQB1 guarantees that for any
received signature 34, 36, 38 included within the correlation time window 54, a
cyclically complete set of the reference sequence data is received

Thus, any received signature data comprised within the correlation window
54 is a cyclically shifted reference sequence derived from SEQB1.

Determining the cyclic shift of the cyclically shifted reference sequence
relative to the reference sequence SEQB1 provides the corresponding round trip
delay experienced by the terminal T1.

As can be seen in figure 4, the maximum round trip delay RTD3 of
signature 38 is equal to the length of the cyclic extension 52 that is also the cyclic
shift of the signature data comprised within the correlation time window,

The flow chart of figure 5 illustrates a first embodiment of the method 62
used to estimate the round trip delay at base station BS level for a single terminal
mobile cormmunication system 2.

After reception of the complete signature SGN1 within the signature
reception slot 28 in a first step 64, samples of the received signature SGN1
located outside the correlation time window 54 are removed in a step 65.

Then, in a following siep 66, a cyclic correlation is carried out onto the
remaining samples which are inputted in a ring shift register as an initial zero
shifted filtered received sequence.

The step 66, comprises the steps 67, 68, 69, 70, 71 and 72.

A shift counter ic is firstly initialized in a step 67 by setting shift counter ic
value to one. Then, in step 68 a summation of sample by sample products is
performed on the ic-1 shifted fiitered received sequence with the unique

reference sequence SEQB1. The products sum Pyne(ic) resulting from step 68 is
stored into an array, indexed from 1 to N-1 at index ic-1, by step 69. The step 69
is followed by a step 70 wherein actual counter value ic is compared to N.
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If ic is different from N, the counter value ic is incremented by cne in step
71 and the actual shift received sequence in the ring register is shifted by one
sample period. Then, the steps 68, 69, 70 are performed again.

If ic is equal to N, step 74 proceeds by detection of a correlation peak as
maximum vaiue of the products sums array Pyne(ic). The value of icmax for which
the products sum Pyme(ic) is maximum, is identified in step 76 as the estimated
round trip delay of received signature SGN1referenced as t{SGN1).

In the second embodiment, the method 62 as shown in flow chart of figure
6 comprises the same sequence of steps 64, 65, 66, 74 and 76 which are all the
same except the step 86, wherein the steps 77, 78 and 80 are successively
executed, In step 77, a first FFT (Fast Fourier Transform) translates the fime
domain samples resulting from step 65 into received samples in frequency
domain. Then in step 78, the frequency domain transiated samples are muttiplied
by the corresponding frequency domain samples of the reference sequence
SEQB1 obtained by step 80. In step 80, after inputting by step 80, the reference
sequence SEQB1 in time domain, a second FFT is executed by step 84. After
multiplying the two FFT results, then an IFFT (Inverse Fast Fourier Transform) is
performed by step 80.

in the chast 86 of figure 7, the comelation magnitude versus time of the
three configurations in figure 1 is depicted.

The respective position on the time axis of the full line 88, the dotted line
90 peak and the phantom line 92 relative to e 30 determines the first, second
and third round trip delays RTD1, RTD2 and RTD3.

The figures 8, 9 and 10 illustrate three configurations of a mobile
communication system using three different terminals 4, 94 and 98 referenced as
T1, T2 and T3, respectively enclosed in a fuli lines, dotted lines, phantom lines
squares.

In the first configuration 83 as illustrated in figure 8, the terminal 4 (T1) is
located at P1 while terminal 94 (T2) and terminal 96 (T3) are respectively located
at P2 and P3. Respective uplinks assigned to T1, T2 and T3 are referenced as
98, 100 and 102. In the first configuration 93, corresponding round trip delays to
the terminals T1, T2 and T3 are respectively round trip delays RTD1, RTDZ and
RTD3.
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E In the second configuration 103 as illustrated in figure 9, the terminal 4
- (T1) is located at P3 while terminal 94 (T2) and terminal 98 (T3) are respectively
located at P1 and P2. Respective uplinks assigned to T1, T2 and T3 are
referenced as 108, 104 and 1086. In the second configuration 103, corresponding
round trip delays to the terminals 71, T2 and T3 are resbectively round trip delays
RTD3, RTD1 and RTD2.
in the third configuration 110 as illustrated in figure 10, the terminal 4 (T1)
is located at P2 while terminal 94 (T2) and terminal 96 (T3) are respectively
located at P3 and P1. Respective uplinks assigned to T1, T2 and T3 are
referenced as 114, 116 and 112. In the third configuration 110, corresponding
round trip delays to the terminals T1, T2 and T3 are respectively round trip'delays

RTD2, RTD3 and RTD1.
in the ﬁgureb 14, the downlink 18 and the uplink 20 data structure are

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

. illustrated in the same way as in figure 2.

E As regards the first configuration 93, in order to enable terminal 4, 94, 96
. to synchronize in uplink with the base station 6, after propagation of the start
[ order signal 30 of the synchronization burst 24 transmitted from BS and upon
[

. Teception of the start order 30, each terminal 4, 94 and 96 transmits passibly after
[ a predetermined duration, an associated signature referenced as SGN1, SGN2
E and SGN3 for its data structure, as 118, 122 and 126 for corresponding location
. of its terminal i.e. P1, P2 and P3. Each signature SGN1, SGN2 and SGN3 is
[ received within the signature receiving time slot 28, is located differently
[

. depending on the terminal position and is respectively referenced as 120, 124
. and 128 when issued from each terminal 4, 94, 85 respectively located at P1, P2
E and P3. The difference of time between the start order time 30 of the
[ synchronization burst 24 and the end of reception of each signature SGN1, SGN2
E and SGN3 at base station level possibly following the predetermined duration at
. terminal level is respectively equal to the round trip delay of the terminal 4, 94
[ and 96. Round trip delays corresponding respectively to the received signatures
[ .

[ 120, 124 and 128 are round trip delays RTD1, RTD2 and RTD3. In the figure 11,
[ the propagation paths of the signature tail ends are shown in bold lines in the two
[

[

[
L

axis frame, the vertical axis representing the distance from base station and the

horizontal axis representing time.
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Only the received signatures 120, 124 and 128 of the first configuration 93
are herein illustrated within the signature reception time slot 28.

As regards the second configuration 103, only transmitted signatures 130,
132 and 134 are illustrated and respectively assigned as SGN2, SGN3 and
r SGN1, respectively issued from P1, P2 and P3 by T2, T3 and T1.
E As regards the third configuration 110, only transmitted signatures 136,
r 138 and 140 are illustrated and respectively assigned as SGN3, SGN1 and
[ SGN2, respectively issued from P1, P2 and P3 by T3, T1 and T2.
E Figure 12 illustrates the way to build three signature sequences derived

[ from the reference sequence SEQB1. The reference sequence SEQB1 is
[

L
{
L
L
{
L

clockwise disposed on a reference ring 142. The reference sequence SEQB1 is
equally divided into three successive sub-sequences 146, 148 and 150
referenced as SB1, SB2 and SB3, assuming that N is an integer multiple of 3.

SB1 comprises is the set of data ranging from aj to ans. SB2 is the set of
data ranging from apys):1 to azws. SB3 is the set of data ranging from apnmy1 1o
an.

The first signature sequence SEQBA is the reference sequence and can
be described as the set of successive sub-sequences SB1, SB2 and SB3.

The second signature sequence 152 referenced as SEQB2 is defined as
the set of successive sub-sequences SB2, SB3 and SB1.

The third signature sequence 154 referenced as SEQBS3 is defined as the

[
[

[

[

[

[

[

[

[

[

[

[

[

[

[

[ set of successive sub-sequences SB3, SB1 and SB2.
[

C The linearly deployed sequences SEQB1 and SEQBZ, SEQB3 are
[ described respectively in figure 13, figure 14 and figure 15. All the sequence are
E mutually orthogonal.

[ Building of signature SGN1 is described above. SGN2 and SGN3 are built
E in the same way above described for SGN1.

[ In figure 16, is illustrated the signature reception time slot 28 wherein all
" the received signatures 118, 138, 134, 130, 122, 140, 136, 132, 126 of the three
[ -

. system configurations are superposed. The signatures of the first configuration 93
[ are enclosed within rectangles bordered by full lines. The signatures of the
E second configuration are enclosed within rectangles bordered by dotted lines.

O
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The signatures of the third configuration are enclosed within rectangles bordered
by phantom lines.

An actual reception should be seen as the same type of lines enclosing the
signatures. For example, in the case of the first configuration, only 118, 122 and
126 will be shown in an actual reception.

Signature cyclic extensions 52, 156 and 158 are respectively a signature
tait of each signature SGN1, SGN2 and SGN3. Ali signature extenéions have the
same length.

In a variant signature cyclic extensions may be respectively a signature
head of each signature SGN1, SGN2 and SGN3.

The flow chart of figure 17 illusirates a first embodiment of the method
used to jointly estimate each round trip delay and terminal identifier code at base
station ievel in the mobile communication system using three terminals.

After reception of the sum of all signatures, SGN1+SGN2+SGN3 in the
signature reception slot 28 in a first step 162, samples of the received signatures
sum SGN1+SGN2+SGN3 located outside the correlation time window 54 are
removed in a step 164,

Then, in a following step 1686, a cyclic correlation is carried out onto the
remaining samples which are inpuited in a ring shift register as an initial zero
shifted filtered received signal.

In the step 166, a shift counter ic is firstly set up in a step 168 by setting
the shift counter ic value to one. Then, in step 170 a summation of sample by
sample products is performed on the ic-1 shifted received sequence with the
reference sequence SEQB1. The products sum Prme(ic) resuiting from step 170 is
stored into an array, indexed from 1 to N-1 to index ic-1, by step 172. The step
172 is followed by a step 180 wherein actual counter vaiue icis compared to N

If ic is different from N, the counter value ic is incremented by one in step
182 and the actual shift received signal in the ring register is shifted by one
sample period. Then, the steps 170, 172, 180 are performed again.

If ic is equal to N, step 186 proceeds by detection of three cotrelation
peaks as three highest values of the correlation products sums array Pume(ic),
each peak corresponding to a signafure. This signature is a terminal identifier
code assigned to each terminal. The three values of ic for which the products
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sum is maximum are identified in step 188 as belonging to one of three time
intervals associated to a signature and for each detected signature the round trip
delay is determined as time difference between the time index of the signature
peak and the expected index of the same signature without round trip delay.

The figure 18 is a second embodiment of the method to detect terminal
identifier code and round trip delay for a mobile communication system using
three different terminals.

In this second embodiment, the method 160 comprises the same
sequence of steps 162, 164, 186 and 188 as ones of the first embodiment, except
the step 166, wherein different steps 190, 192 and 194 are successively
executed. In step 190, a first FFT (Fast Fourier Transform) translates the time
domain samples resulting from the step 164 into frequency domain received
samples. Then, in the step 192, the received samples in frequency domain are
multiplied by the corresponding samples of the reference sequence SEQB1 in
frequency domain obtained by step 196. In the step 196, after inputting by step
198, the reference sequence SEQB1 in time domain, a second FFT is executed
by step 200. After multiplying the two FFT results, then an IFFT (Inverse Fast
Fourier Transform) is performed on resulting samples by the step 194.

Figure 19 illustrates the correlation magnitude versus time of signatures for
three terminals for the three system configurations which are superposed. In the
chart of figure 19, full lines, dotted lines and phantom lines respectively depict
correlation peak of the first, second and third configurations. Lines 220, 222 and
224 depict respectively time correlation of the first, second, and third signatures
for the first configuration. Lines 226, 228 and 230 depict respectively time
correlation of the first, second, and third signatures for the second configuration.
Lines 232, 234 and 236 depict respectively time correlation of the first, second,
and third signatures for the third configuration. As can be seen, time intervals can
be defined as respectively assigned to a Signature. Thus, here [a1, apm)y1] is
assigned to SGN1, [ans , apnsy] is assigned to SGN2 and [apnsy , anl is
assigned SGN3. Round trip delay measured for each received signature is equal
to time index of the received signature minus the expected time index of the
same signature but without any delay that is 1 for SGN1, N/3 for SGN2 and 2N/3
for SGN3.
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In actual operation only three lines of the same type will be shown. As
example, in the first configuration case, the correlation peak line 220 exhibits a
round trip delay of RTD1, while lines 222 and 224 exhibit respectively a round trip
delay of RTD2 and RTD3.

[n order to avoid any overlap in the detection of cyclically adjacent
signatures, careful attention will be paid on the design through spacing two
adjacent signatures by at least the maximum round trip delay expected by the
communication system. In the above described system this spacing will be
greater than round trip delay RTD3.

The figure 20 illustrates correlation magnitude versus time following the
method above described for a system including uplink synchronized terminal and
uplink unsynchronized terminafs.

Here, two unsynchronized signatures are assigned to two unsynchronized
terminal, a first terminal located as to exhibit round trip delay RTD1 and a second
terminat located as to exhibit round trip delay RTD2. Unsynchronized signature
means that signature is sent for an initial access.

A set of synchronized signatures are assigned to a set of uplink
synchronized terminals. Synchronized signaiure means that signature is
transmitted when the terminal is always time synchronized with a base station in
uplink i.e. a timing advance value is already avaifable at the terminal.

The signature seguence as building core of the first synchronized
signature of a synchronized terminal is here shifted by 2N/3 relative from the
generating sequence of the first unsynchronized signature. Any subsequent
signature of synchronized terminal has a generating sequence shifted by a value
comprised with the range [2N/3, N-1] relative to the references sequence.

The first and second unsynchronized signatures provide each a time delay
and a terminal identifier.

In figure 20, the chart depicts a first correlation peak line 240
corresponding to the first unsynchronized signature with round trip delay RTD1.

The chart also depicts a second correlation peak line 244 corresponding to
the second unsynchronized signature with round trip delay RTD2. _

The chart also depicts a set 244 of correlation peak lines (first line 248,
last line 280) correspond to the set of synchronized signatures with no RTD.
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[ . ) e .
The interest of splitting signature between the two different process

. {synchronized or nof) is that, for the synchronized case the cyclic shift of the
different signatures can be merged closer since there is no one trip delay to take
into account any more.

tn this case; in addition to lower cyclic shift step, fower cyclic extension
duration can be used and idle period can be suppressed. The cyclic extension
duration should be chosen in order to cope with maximum path delay of the
channel, the timing advance error and the filtering effects.

It may be also advantageous to use several CAZAC reference sequences
selected to have low cyclic cross correlation between each other. The number of
available signatures is hence multiplied by the number of reference sequence at
the cost of interference between sequences and receiver complexity increase.
The latter is due to the need for multiple correlators (one per reference CAZAC
sequence) at the base station instead of a single one when only using enly one
reference sequence.

A good example of such set of basic sequences with good cyclic cross
correlation properties is the clockwise and the counter-clockwise phase rotating
pair of sequences extrapolated from the original Zadoff Chu sequence.

a, (ky=WE ™% ifNeven, k=0, 1, ...N-1, q is any integer

a, (k) = W2 i N odd, k=0, 1, ...N-1, qis any integer

a,(ky=w; "™ if N even, k=0, 1, ...N-1, g is any integer
a, (k) = w24 i N odd, k=0, 1, ...N-1, qis any integer

with W, =exp(—j2mz/N) where ris relatively prime to N.
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E This example requires limited storage of the reference sequences since
. the second reference sequence is derived from the first reference sequence.

" Thus a certain uniqueness of the reference is maintained.
L
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[ Brief Description of Drawings

- Figure 1 is a mobile communication system architecture using a single
terminal.

- Figure 2 is a communication flow chart with an enlarged view of up link
and down link frames at base sfation level.

- Figure 3 is a data structure of a signature sequence.

- Figure 4 is a detailed view of a signature reception time slot with three

superposed signatures corresponding to the same terminal located at three
different positions.

the round trip delay at base station level for a single terminal mobile
communication system. '

- Figure 6 is a second embodiment flow chart of the method used to
estimate the round trip delay at base station level for a single terminal mobile
communication system.

- Figure 7 is a chart illustrating the correlation magnitude versus time
obtained with the method shown in figures 5 or 6.

- Figures 8, 9 and 10 are three configurations views of a mobile

[
[
[
[
[
[
[
[
[
[
[
[
[
[ - Figure § is a first embodiment flow chart of the method used to estimate
[
[
[
[
[
[
[
[
[
[
[
E communication systemn using three terminals.

U
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E - Figure 11 is a communication flow chart of three superposed

. configurations with an enlarged view of up link and down link frames at base

[ station level.
[

: - Figure 12 is a schematic view illustrating the way to build three signature

[ sequences.
[

: - Figures 13, 14 and 15 are data structure of the three signature
[ sequences.

[
[
. slot wherein all the received signatures of the three system configurations are

- Figure 16 is an enlarged and detailed view of a signature reception time

E superposed.

[ - Figure 17 is a first embodiment flow chart of the method used for jointly
" estimating each round trip delay and terminal identifier codes in the system using
E three terminals.

[ - Figure 18 is a second embodiment flow chart of the method used for
E jointly estimating each round trip delay and terminal identifier codes in the system
[ using three terminals.

E - Figure 19 is a chart illustrating the correlation magnitude versus time
 obtained with the method shown in figures 17 or 18.

: - Figure 20 is a chart iliustrating correlation magnitude versus time
E obtained with the method shown in figures 17 or 18 for a system using
[

unsynchronized and synchronized terminals.
L
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1. Method for estimating a propagation round trip delay, existing beiween a
base station (6) and a terminal (4), and comprised within a predetermined round
trip delay range, the method comprising the following steps:

transmitting from the base station (6) on a downlink a start order signal
(24) to the terminal (4),

after reception by the terminat (4) of the end (30) of the start order signal,
sending a signature signal (32, 36, 40) from the terminal (4) to the base station
(6) on a uplink,

receiving at the base station (6) within a signature recelving time slot (28)
the signature signal (34, 38, 42),

processing (62) at the base station (8) the received signature signal (34,
38, 42) to provide a round trip delay information,

characterized in that the processing step (62) comprises a cyclic
correlation step (66) performed within a fixed correlation time window (54) by
using a unique reference sequence (48) for calculating the signature signal (32,
36, 40).

2. Method for estimating a propagation round trip delay according to claim
1, characterized in that the cyclic correlation step (66) comprises at least two
steps, each step processing samples in time domain.

3. Method for estimating a propagation round trip delay according to any of
claims 1 to 2, characterized in that the length of the signature reception time slot
(28) is minimized so as to enable the estimation of round trip delay over the
predetermined range round trip delay RTD3.

4. Method for estimating a propagation round frip delay according fo any of
claims 1 to 3, characterized in that

the signature reception time slot (28) comprises an idle period (60},

the length of the said idle period (60) being equal to the range RTD3 of
round trip delays to be estimated.

5. Method for estimating a propagation round trip delay according fo any of

the claims 1 1o 4, characterized in that the unigue reference sequence (48) is a

r Zero Auto Correlation (ZAC) sequence.
0
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[ N
6. Method for estimating a propagation round trip delay according to any of

. the claims 1 {o 5, characterized in that the unique reference sequence (48) is a
E Constant Amplitude Zero Auto Correlation (CAZAC) sequence.
[ 7. Method for estimating a propagation round trip delay according to any of

" the claims 1 to 6, characterized in that the unique reference sequence (48) is a
[
Zadoff-Chu sequence.

8. Method for estimating a propagation round trip delay according to any of
claims 1 to 7, characterized in that the signature (34, 38, 42, 44) comprises the
unique reference sequence (48) and a cyclic extension (52) concatenated
respectively at the fail or the head of the unique reference sequence (48), the
cyclic extension (52) being respectively a head portion (50) or a tail portion of the
unique reference sequence (48).

9. Method for estimating a propagation round trip delay according to any of
claims 1 to 8, characterized in that the processing step (62) comprises a
sequence of following steps consisting of:

- receiving (64) a set of samples in the signature receiving time slot,

- removing (65) of the samples received outside the correlation time

window,

- memorizing the set of remaining samples in a ring shift register as a first

- performing a set of summations (68) of time domain sample by sample

products related to the unique reference sequence (48), and a successive

shifted sequence from the first useful sequence {48),

- memorizing (64) the products sums obiained from the summations (68) of

time domain sample by sample products into an array of length equal the

length of the reference sequence N minus 1,

- detecting (74) in the array a maximum peak of correlation in time domain,

- determining {76) the round trip delay of the terminal as the time

corresponding to the detected peak of correlation.

10. Method for estimating a propagation round trip delay according to any
of claims 1, 3 to 8, characterized in that the processing step (62) comprises a
sequence of the following steps consisting of:

[
[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[ useful sequence,
[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[ - receiving (64) a set of samples in the signature receiving time slot,
[
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[ - removing (65) of samples received outside the correlation time window
[ "

: - performing (77) a first Fast Fourier Transform (FFT) on the samples

[ received within the correlation time window,

[ - .
- mutltiplying (78) the obtained frequency domain samples by the frequency

 domain samples of the unique reference sequence (48) resulting from a second

' Fast Fourier Transform (FFT) (84),
[

‘ - performing (80) an Inverse Fast Fourier Transform (IFFT) on the samples
[ obtained in multiplication step,

: - detecting (74) a maximum peak of correlation in time domnain,

[ - determining (76) the round firip delay of the terminal as the time
E corresponding to the detected peak of correlation,

[ 11. Method according to any of the claims 1 to 7 comprising the
E determination of a terminal identifier code related to the terminal (4) (TI) among at
r least two terminal codes related to at least two terminals (4, 94, 96) (T1, T2, T3),

. a distinct signature signal (118, 122, 126) being sent from each terminal (4,
E 94, 96) to the base station (6) on one uplink,

[ the received signatures signals (120, 124, 128) forming a time sum of
E signals being processed at the same time in a processing step (160) comprising a
[ common cyclic correlation step (166) performed within a fixed correlation time
E window (54) and using the unique reference sequence (48).

[ 12, Method according to claim 11, characterized in that

[ each signature {118, 122, 126) comprises a signature sequence (48, 152,
E 154) and a signature cyclic extension (52, 156, 158) concatenated respectively at
[ the tail or the head of the signature sequence (48, 152, 154), the signature
E sequence (48, 152, 154) being a cyclic shift of the unique reference sequence
[ (48) and the signature cyclic extension (52, 156, 158) being respectively a head
E portion {50) or a tail portion of the signature sequence (48).

[ ' 13. Method according to any of claims 11 to 12, characterized in that the
[ processing step (160) comprises a sequence of the following steps consisting of:

[ - receiving {(162) a set of samples in the signature receiving time slot (28),

- removing (184) from the received time sum of signatures signals

[
[
[L samples, the samples received outside the correlation time window (54),



—m —m —m @ @ @ @ @ @ @ @ @ @ @ @ @ ™@ ™@ o ™@P & &a & & & /& /& /&, /s, /. /&, o/, /e, o/, /e /e /e /e e /e o/ e e e e e

O

(42) JP 2007-312380 A 2007.11.29

- memorizing the set of remaining samples in a ring shift register as a first
filtered received signal,

- performing a set of summations of time domain sample by sample
products (170) related to the unique reference sequence (48), and a
successive shifted received sequence from the first filtered received signal,
- memorizing (172) the products sums obtained from the summation (170)
of time domain sample by sample products into an array of length equal
the length of the reference sequence N minus 1,

- detecting (186) in the array a set of maximum peaks of correlation in fime
domain,

- determining for each detected maximum peak the identifier code as being
the solely code associated o one predetermined interval of the time
domain correlation peried,

- determining (188) for each detected maximum peak the corresponding
round trip delay of the terminal identified by the associated identifier code
as the time difference between the time corresponding to the detected
peak of correlation and the start time of the interval associated to the
identifier code.

- 14. Method according to any of the claims 1, 3 to 7, characterized in that it
comprises the determination of a terminal identifier code related to the terminal
(4) (T!) among at least two terminal codes related to at least two terminals (4, 94,
96} (T1, T2, T3),

a distinct signature signal (118, 122, 126) being sent from each terminal (4,
94, 96) to the base station (6) on one uplink,

the received signatures signals (120, 124, 128) forming a time sum of
signals being processed at the same time in a processing step (160) comprising a
common cyclic correlation step (166) performed within a fixed correlation time
window (54) and using the unique reference sequence (48),

and characterized in that the processing step (160) further comprise a
sequence of the following steps consisting of ;

- receiving (162) a set of samples in the signature receiving time slot (28),

- removing (164) from the received time sum of signatures signals

sampies, the samples received outside the correlation time window {54),
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- performing (190) a first Fast Fourier Transform (FFT) on the samples
received within the correlation time window (54),

- multiplying (192) the obtained frequency domain samples by the
frequency domain samples of the unique reference sequence (48)
resulting from a second Fast Fourier Transform (FFT) (2009,

- performing (1984) an Inverse Fast Fourier Transform on the samples
obtained in multiplication step (192),

- memorizing the time domain samples resulting from step (194) in an
array of length equal the length of the reference sequence N mihus 1,

- detecting (186} a set of maximum peaks of correlation in a time domain
correlation period,

- determining for each maximum peak the identifier code as being the

solely code associated to one interval of the time domain correlation

[
[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[ period,
[ - determining (188) for each maximum peak the round trip delay of the
[

[ terminal identified by the associated identifier code as the time difference
[ between the time corresponding to the detected peak of correlation and
E the start time of the interval associated to the identifier code.

[ 15. Method according to any of the claims 11 to 13, characterized in that

E at least two terminals are synchronized in uplink,

[ a different signature is assigned to each terminal, each signature being a
[ cyclic shift of the unique reference sequence,

[

[ the set of signatures assigned to uplink synchronized terminals forms a
[ compact group.

E 16. Communication system comprising a base station (6), a terminal (4),

[ the terminal comprising:

E receiving means for receiving the end (30) of a start order signai (24),

[ transmitting means for sending a signature signal {32, 36, 40) {o the base
[ station (6) on a uplink after reception of the end (30) of the start order signal (24),
E the base station comprising:

[ - fransmitting means for tfransmitting on a downlink the start order signat (24)
E to the terminal (4),
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" means for receiving within a signature receiving time siot (28) a received

signature signal (34, 38, 42), |

means for processing at the base station (6) the received signature signal
(34, 38, 42) to provide a round trip delay information,

characterized in that the means for processing are able to perform a cyclic
correlation step (66) performed within a fixed correlation time window (54) by
using a unigue reference sequence (48) for calculating the signature signal (32,
36, 40).

17. Communication system according to claim 16; characterized in that

it comprises at least fwo ferminals (4, 94, 96), and

the means for processing is able to determine a terminal identifier code
related to the terminal {4) (T1) among at least two terminal codes related to at
least two terminals (4, 94, 96) (T1, T2, T3),

a distinct signature signal (118, 122, 126) being sent from each terminal (4,
94, 96) to the base station (6) on one uplink, *

the received signatures signals (120, 124, 128) forming a time sum of
signals being processed at the same time in a processing step (160) comprising a
common cyclic correlation step (166) performed within a fixed correlation time
window (54) and using the unique reference sequence (48).

18. Communication system according to claim 17, characterized in that

at least one first terminal uses a first Zadoff Chu sequence as a first unique
reference sequence (48),

at least one second terminal uses a second Zadoff Chu as a second
unigue reference sequence, and

the second Zadoff Chu is the reverse sequence of the fist Zadoff Chu

sequence.
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ABSTRACT

The methed for estimating a p'ropagation round trip delay, existing between
a base station and a terminal, and comprised within a predetermined round trip
delay range, comprises the following steps:

transmitting from the base station on a downlink a start order signal {30) to
the terminal,

after reception by the terminal of the end of the start order signal, sending
a signature signal from the terminal to the base station on a uplink,

receiving at the base station within a signature receiving time slot (28) the
signature signal (34, 38, 42),

processing at the base station the received signature signal to provide a
round trip delay information.

The processing step comprises a cyclic correlation step performed within a
fixed correlation time window (54) by using a unique reference sequence (48).

Representative Drawing

Fig. 4
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