1 SYSTEMS AND METHODS FOR TRAI NI NG SEQUENCE SELECTI ON, TRANSM SSI ON AND
RECEPTI ON Rel at ed Application This application clains the
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access 3ph§%go%ftg§wﬁis TDVA. As illustrated in PCT/ CA2009/ 001149

W2010/ G26 HEF 41" ai ni ng sequences for GSM normal bursts are
defined in the 3GPP specification (see TS 45.002, "GERAN. Miltipl exi ng and

nul ti pl e access t 1.0.p " nd are w dely used in practice for
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Access Newiorikg( SERMN)cd Belesttdmg, Wikthsthesioereaasecddeptiennunber of
subscri bers and voice traffic, great pressure is added on GSM operators
espaq algakkirbihd countries with dense population. In addi tion,
efficient use of hardware and spectrumresource is 20 desired as voice
service prices drop. One approach to increasing voice capacity is to
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evolution with orthogonal sub channel™), co-TCH (see =0 , "Speech
capddi t yrERRARERTERt SIIMI FRuBARPDY BHdtApaph i fading in frequency
gelective channels. Since the mobile radio channel is random
and time varying, an equalizer needs to identify the time-
Lo varying characteristics of the mobile channel adaptively
through training and tracking. Time division multiplex access
20 (TDMA) wireless systems such as Global System for Mobile
communications (GSM) transmit data in fixed-length timeslots,
and a training sequence is included in the timeslot (burst),
which is designed to allow the receiver to detect timing

information and to obtain channel coefficients through channel

25 estimation for further channel equalization.

GSM is a successful digital cellular technology being
deployed worldwide. Currently, GSM networks provide both voice
and data service for billions of subscribers and are still

expanding. The access scheme of GSM is TDMA. As illustrated in
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corresponding study item)) 1is an ongoing work item in GERAN

that seeks to increase voice capacity of the GERAN in the order

30 of a factor of two per BTS transceiver both in the uplink and

the downlink by multiplexing at least two users simultaneously

on the same physical radio resource, i.e., multiple users share



5 fourth training sequence set for use in a nulti-user transm ssion system
Anot her broad aspect of the disclosure providesa conputer readable nmedi um
encoded with a data structure, the 5 data structure conprising: at |east
one training sequence froma first set of training sequences consisting of:
and at | easwoame/ozeoel ni ng sequence froma second set of p¢1/arfN@iE@quences
consi sting of: 10Anot her broad aspect of the disclosure provides a
transmtter conprising: a signal genermator configured to generate a signa
using a carrier frequency and tinme slots, with at |east sone tine slots
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for each receEXer_of at | east two receivers and a respective payl oad for
each reCEPFEPLIGREYRI PE RRAS doevndenkt 4l m¥Ry Wapeend®REGr candidatst one of
the mul tiephaifgeel vers conprises a first training 10 sequence froma first
set of training sequences consisting of: ; and transmtting the signal.

Anot her broad aspect_of the disclosure provides a receiver conprising: at
| east one antenna,fnvﬁﬁ'? éipf}]t’&‘eorfeeépve‘?oﬂc%ﬂc%ﬂjed‘%ipﬁﬁvat Syskal one
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- training sequences. The base station uses signal processing
techniques such as diversity and/or interference cancellation
to separate two users’ data. Similar to the uplink, in the
downlink of co-TCH, two different training sequences are used
15 for DARP (Downlink Advanced Receiver Performance) capable
mobiles to separate two users. In the downlink of 0SC or
Adaptive Symbol Constellation, two subchannels are mapped to
the I- and Q-subchannels of a QPSK-type or Adaptive QPSK
(AQPSK-type) modulation in which the ratio of I-subchannel and
20 Q-subchannel can be adaptively controlled. Two subchannels use

different training sequences as well.

Figure 2 lists eight GSM training sequence codes of
26 bits, each of which has a cyclic sequence structure, i.e.,
the reference sequence of 16 bits is in the middle and 10 guard
25 Dbits (5 guard bits are in each side of the reference sequence) .
The most significant 5 bits and least significant 5 bits of the
reference sequence are copied and arranged to append to and
precede the reference sequence, respectively. The guard bits
can cover the time of intersymbol interference and make the
30 training seguence resistant to time synchronization errors.

Each GSM training sequence has ideal periodic autocorrelation
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properties for non-zero shifts within {-5, 5] when the 16-bit

reference sequence is considered only.

Tn GP-070214, GP-071792, “Voice capacity evolution
with orthogonal sub channel”, a new set of eight training
5 sequences of length 26 bits was proposed for 05C, in which each
of new training sequences is optimized in cross-correlation
properties with the corresponding legacy GSM training sequence.
The new seguences are listed in Figure 3. It can be observed
that these new training sequences do not preserve the cyclic

10 sequence structure as the legacy GSM training seqguences.
Summary

A broad aspect of the disclosure provides a computer
implemented method compriging: optimizing cross-correlations
between sequences of a first training seguence set and a target

15 training sequence set to produce a second training segquence
get; optimizing cross correlations among seguences of the
second training sequence set LO produce a third training
sequence set; optimizing cross-correlations between sequences
of the third training sequence set and corresponding gequences

20 of the target training sequence set to produce a fourth
training sequence set; outputting the fourth training segquence

set for use in a multi-user transmission system.

Another broad aspect of the disclosure provides a
computer implemented method comprising: optimizing Cross-

25 correlations between seguences among a first training sequence
set to produce a second training sequence set; optimizing
cross-correlations between sequences of the second training
sequence set and a target training sequence set to produce a
third training sequence set; optimizing cross-correlations

30 between sequences of the third training sequence set and
corresponding sequences of the target training segquence get to

produce a fourth training sequence set; and outputting the
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fourth training sequence set for use in a multi-user

transmission system.

Another broad aspect of the disclosure providesa
computer readable medium encoded with a data structure, the
5 data structure comprising: at least one training sequence from

‘a first set of training sequences consisting of:

Training Sequence

0110001000310 010011110100111
0101111010011 0111011100001
01000001011 0001110113101100
0010110111201 120012110¢610000
' 6111201001111 010011110111110
010000010011 010100611110011
000100001101 00001101110101
1000101110011 1111001021001

and at least one training sequence from a second set of

training sequences consisting of:
Training Sequence

010010111 0000100010010111
¢o6o1011¢111021211100010110111
0100001110111 0100100001110
0100011110311 01000100011110
0011010111001 000001101011
010011101011 00000100111010
1010011111011 00010100111121
111011110001 00101110111100

10 Another broad aspect of the disclosure provides a

transmitter comprising: a signal generator configured to
generate a signal using a carrier frequency and time slots,
with at least some time slots containing content for multiple
receivers, the content for each receiver and each slot

15 comprising at least a respective training sequence; the
transmitter encoded with at least one training sequence from a

first set of training sequences consgisting of:
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Training Seguence
011000100010021001111010111
01011110100110111011100001
01000001011 00011101110110 0
0 0101101110111 0011110100¢0C0
011101001121 1021001110111110
010000010011 01010011110011
coo0ol00001101060001101110101
010001011100111111001010071

Another broad aspect of the disclosure provides a
method comprising: for a timeslot on a carrier frequency which
5 is to contain a multi-user signal: generating a multi-user
signalrby combining a respective training sequence for each
receiver of at least two receivers and a respective payload for
each receiver, wherein the respective training sequence for at

least one of the multiple receivers comprises a first training

10 sequence from a first set of training sequences conaisting of:
Training Sequence
0110001000100 001121110101111
0101111010011 0111011100001
010060001011 000121101110¢61100
0010110111011 12001111010000
011101001111 021001110111110
0100000610011 01010011110011
000100001101 00006011011101101
0100010111001 1111100101009071
; and transmitting the signal.

Another broad aspect of the disclosure provides a
receiver comprising: at least one antenna; wherein the receiver
is encoded with at least one training sequence from a first set

15 of training sequences consisting of:

Training Sequence
0 1100010001001 00112111090
p101111¢1001101110111
0100000101 210001131012211
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100101001 and the receiver is further encoded with at

| east one training sequence of a second set of training sequences
consisting of: and further wherein the receiver is configured to 5 operate
using a training sequence selected fromone of the at |east one training
sequence f Mopreapre20b4or st set of training sequences and tHE/CA2009%MMEI9 ONe
training sequence fromthe second set of training sequences. Another broad
aspect of the disclosure provides a 107 nethod for a nobile device
conprising: the nobile device having at | east one training sequence froma
first set of |tor & ni nglsequencesl apnsiissti mgooh s YW 0 1 0 0 0 ©
2010/ 020040PCH CA200Q9200144® B 1 znd copemabi mg1Usi My, & tir ai Ai Y| sequence
sel ected fromooneocob the atileasti ane tir ai ni pgosequence ¢ rom ghe first set
of training sequencescandotder at d east coreot Latnpng sequence Krom 5 the
second set of] a naionpng seguences.o ¢ 1 1 1 1 Anptheg brpad s;agpgct of the

di scl osure provide se of a training Sequence from a set of tTaining
sequences consi S?I?Cig#@f recelver  is ,TrEhen (fgicse§GedEhi at ckeash @ner adi o

t el ephoryaihinr befudlRserddld Arcohdt B8t DbAW AlShing sequencesEMDOdi NeNnts of
t he application wl] now be described with reference to the attached

dr awi ng§OPRRALEH; O Figure 1 is a schematic diagramof a

bandw dth all ocation and TDVA frame definitions for GSM 15Figure 2 is a
table listing the | egacy GSM t1wadifing SeQuenees; VIO
2010/ 020040PCH 6A20094001d40 P Fi0W ® § hSopapl PbL & PN @ Hi Ju14 set of
training seqyences W ihioptim zed arass- goprgl gt on Propenrt heg lconpared to
the | egacy GSM traibi fgoSEAUENGLS 1 1 0 1 0 0 1 oMo QML 4R iSqd table
containing ajset efotpaini ng S FSaquencesy g o 1 0 o o fl 9.‘”1914§ IS a
schematic di agranpoi @ gopmpyter neadableqngdhug gontaiging tlhg t rai ni ng
sequences of |bi guseodA 1 1 o 1 0 1 1Fi98r e 8A9i$ & ¢ able 10%”3%%”9 a set of
training sequenees; o19F aure 5B igs 1a15ghgmpt § cq 0 a@ram qf ja,conput er

readabl e 11101111000100101110111100

—F

and further wherein the receiver is configured to
5 operate using a training sequence selected from one of the at
least one training sequence from the first set of training
seguences and the at least one training sequence from the

second set of training segquences.

Another broad aspect of the disclosure provides a
10 method for a mobile device comprising: the mobile device having
at least one training seguence from a first set of training

sequences consisting of:

Training Sequence

01100010001 001001111010011t1
0101111010011011102121100¢001
0100000101 1000111011101100
001011011101 110011110106000
0611101001111 010011101131110
010000010011 010100111210011
000100001101 00001101110101
01000610111 0011111100101001

the mobile device further having at least one training

sequence of a second set of training sequences consisting of:



medi um contai ning the training sequences of Figure 5A; Fi gure 6A

is a table containing a set of training sequences; Fi gure 6B
is a schematic diagram of a conputer readable 15 nedium containing the

trai ni ng sequences of Figure 6A; Figure 7 dei,tqgg SontyEisl sets
used to dafomgo6/m20848t of training sequences; i gure é is a

flowhart of a first nethod of determ ning training sequences; 20Fi gure 9A
is a flowchart of a first nmethod of &ssigning training sequences;

Figure 9B is a flowhart of a second nmethod of assigning training
sequences; PCT/ CA2009/ 001149 WO 20101020040 10 Figure 10Ais a
bl ock diagramof a transmtter for OSC downlink transm ssion;
Figure 10B is—abtock—di agramrfg I 7Y gERaidce0T receivers of dsC
subchannel s; i i FPTK FTAG @0, Lrangm td er 10fL £o- TCH for
downl i nk tr% 1 oH gyrle 113Boi @ Bl pck gli:agram of a pair of
receivers of pansin s Ao 0 1 0 0.0 0 1 1 Ri gufe 12A shows
a pair of tr i grq cp-40 T foon @pbi @kltialnslm05>| on; and
Figure 12B ifs"a bg o]\(ikl %i 39 fiag I‘@%Id/ld’lg, apgaiaj us £ogposeyl of two
receivers for2rceivi re ye, tf angyris gl gng brom they paig | of
transnitters| DX A i d aj,| ed Qesd:rd [t |00@ gSg’hg flegriadati on of

signal -to-no : é &g 1a iluilgl 1(3)td mum and
subopt i nrum channel rat-i-or re—tptH -iv- b adio systens with
j oi nt det;eleaicﬁ;segatﬁtmrgopeangTaatnsamn@§e@meneﬁeeehm‘#ﬁ%aﬁﬁcﬁh§nev8ﬁ 5,

Jan. -Feb,, 1994, and | an Rant asc' Grannel 20
est i mat BRI lrﬁﬁ%)tlpﬁn@ 56a%ﬁ %e?e L{Jﬁ‘(yiéul atl oghlg)nfTAwasn%bl l'e systens"”
Pr oc. Of:rgbﬁlrz?@(bdaﬂ\&ice@eaﬁdnyhelst Ussbthemei Hraonenal srguendse LE6Fr el at i on

properties of trainin 1g_[uences aé\d/eonr to desi gn new training sequences.
| n MBROShOAREESDY 1REY FrErBHed 2OREs TFom the other subchannel of the

same 25 MUROS/ VAMOS pair in the sane cell and al so from co-channel signals
of other cells. , 402010/ 020040, LA/ 27200940041 4gurd provides use of The
degradation in can ete d as follows. Let a traini ng sequence of
| ength N beaSa{sy.sRuencesromsaefet], Gﬂ}tr%ﬂ}ng SeNUeRRPS| GRS ISkd N

synchron us co-channel or MJROS/ VAMOS signals with L-tap i ndependent

conpl ex °¢Channel inmpul se 5 responses kfl=0,,,,o0hn2,...,h.x), nFl, 2. The
joint channel inpulse response is 11=(h1 k) let th ' i gnal
sanpl es at the receiver be: y=B#ininghHEPEUEREEN0i se vector s =
011,t12,.",nNoL1l Y and &=fSuSd o d & ONL-OLO0-Fpk A It i £ 4nd 5! (n7=1,2) is
defined as béloow 0 1111010011011 1011100001
01000001011000111011101100
0010110111011 100111101062000
01110100111101001110111112¢0
010000010061 1010100111310011
000100001101 00001101110101
01000101131 0011111100101001

as a training sequence in cellular radio telephony.
10 Brief Description of the Drawings

Embodiments of the application will now be described

with reference to the attached drawings in which:

Figure 1 is a schematic diagram of a bandwidth

allocation and TDMA frame definitions for GSM;

i5 Figure 2 is a table listing the legacy GSM training

sequences;



5m N-L+2 5m N-L+1 which is correspondent to the training sequence (note
that S1 and S2 can be constructed wth two different training sequences,
respectively, either fromthe same training sequence set or fromdifferent
training sequence sets). 15The | east-squared error estimate of the channel
is: = (s s)wetwomnted ) The SNR degradation of training pefleeheHsmiss defi ned
as: dsm =10-1o0gi oa+fr0S)-1)(dB)(3) where frpg is the trace of matrix X and
-=[gyl 2Lx2L. .5's is a 20 correlationgmatrix including the autocorrel ations
of SI and S2, and cross-correlation between Si and S2 with cal cul ati on of
entries as: WO R/ 020Q40RCEL 0, 1 1. 2 L+ +L-1S1, ntL-p n=1
N-L+1 ESL, n+L-r52, n+2L- p n=1 Mgﬁlgéé%%ﬁg’% %ﬁ%?ﬁ?ﬁ“}% i L,j .cLif
i . L, L<j ZEGHEPeeEypth optfimized ceppsccprpglation propertiesBasephoni
definititenshel)efSdy d¢dif tRAiMWnSe s ngefjggg adation val ues between GSM

trai ni ng sequences are calculatéd and Iifsted in Table 1. 5 Table 1 Pairw se
SNR degradati on val ues of existing GSMtraining sequences (in dB) TS C#

TSC 0 1 2 Figure 4A is a table containing a set of training

5 sequences;

Figure 4B is a schematic diagram of a computer readable

medium containing the training sequences of Figure 4A;

Figure 5A is a table containing a set of training

sequences;

10 Figure 5B is a schematic diagram of a computer readable

medium containing the training sequences of Figure 5A;

Figure 6A is a table containing a set of training

sequences;

Figure 6B is a schematic diagram of a' computer readable

15 medium containing the training sequences of Figure 6A;

Figure 7 depicts several sets used to define a set of

training sequences;

Figure 8 is a flowchart of a first method of

determining training sequences;

20 Figure 9A is a flowchart of a first method of assigning

training sequences;

Figure 9B is a flowchart of a second method of

assigning training sequences;



345670 6.91 3.24 3.08 4.75 4.87 4.85 3
: : . . . .88 1 6.91 - 3.08 2.
4.70 4.70 3.67 2 3.24 3.08 6.91 5.57 3.97 5.12 7.16 3 3.08 2.7;26?923

10

15

20

25

WO 2010/020040 PCT/CA2009/0601149
i0

Figure 10A is a block diagram of a transmitter for 0OSsC

downlink transmission;

Figure 10B is a block diagram showing a pair of

receivers of 0OSC subchannels;

Figure 11A is a block diagram of transmitter of co-TCH

for downlink transmission;

Figure 11B is a block diagram of a pair of receivers of

co-TCH downlink transmission;

Figure 123 shows a pair of transmitters of 0SC or co-

TCH for uplink tranasmission; and

Figure 12B is a block diagram of a receiving apparatus
composed of two receivers for receiving respective

cransmissions from the pair of transmitters of Figure 12A.

Detailed Description

The degradation of signal-to-noise ratio (SNR} (see B.
Steiner and P. Jung, “Optimum and suboptimum channel estimation
for the uplink CDMA mobile radio systems with joint detection”,
European Transactions on Telecommunications, vol. 5, Jan.-Feb.,
1994, pp. 39-50, and M. pukkila and P. Ranta, “Channel
estimator for multiple co-channel demodulation in TADM mobile
systems”, Proc. of the 2nd EPMC, Germany) is used herein to
evaluate the correlation properties of training sequences
and/or to design new training sequences. In MUROS/VAMOS, the
interference comes from the othexr subchannel of the same
MUROS/VAMOS pair in the same cell and also from co-channel

signals of other cells.
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The degradation in SNR can be determined as follows.

Let a training sequence of length N be S ={85-8y}, 5, €{~1+1},
n=1,..,N. Consider two synchronous co-channel or MUROS /VAMOS
signals with L-tap independent complex channel impul ge

5 7responses h,=(h,,h,,,h,,), m=1,2. The joint channel impulse
response is h=(h,h). Let the received gignal samples at the
receiver be: y=S8k'+n where the noise vector is n=(m,n,.n,_, )

and §=[5,5,] is a (N-L+Dx2L matrix and Sy {(m=L2) is defined

ag below
Sm,!. Sm.z Sm.l
S waw S S
m,L+1 m,3 n,2
10 S, = . . . . {1)
S " SmN-rer SmN-Lal

which is correspondent to the training seguence (sm'l,smvz,...,smﬂ)

(note that S; and S, can be canstructed with two different
training sequences, respectively, either from the same training

sequence set oxr from different training sequence sets).

15 The least-squared error estimate of the channel is:
B =(5'5)"s"y . (2)
The SNR degradation of training sequences is defined as:

dnp =10-log,,(1+r[(S'S)']) (dB) {(3)

where n{X] is the trace of matrix X and 0=19,)10.=8'S is a

20 correlation matrix including the autocorrelations of 5, and S,
and cross-correlation between 51 and S; with calculation of

entriesg as:



6.91 6.11 5.03 5.72 The average, m ni num and maxi num

pai rwi se SNR degradation val ues between different GSMtraining sequences
equal 5.10 dB, 2.72 dB and 11.46 dB, respectively. Table 1 10 denonstrates
that some GSM training sequence pairs result in reasonable @@%_@ﬁgradation
val ues whiyg 261006%046SM t r ai ni ng sequence pairs are stro‘?ﬁ}i’gfu fPefated. It
seens not to be suitable to apply all existing GSMtraining sequences to
MURCS/ VAMOS. |t woul d be desirable tp2have new trai ning 15 sequences for -
MJUROS/ VAMOS, each havi ng very good autocorrel ation properties and very good
cross-correlation properties with the corresponding GSM trai ni ng sequence.
It 13 wou gaqhgggggﬂﬂesiﬁébLbjﬁereduce the effects of co-channe
interferenc@n cross-correlation properties for any pairs of new training
sequences 1cross-correl at.i P | es ff ore &y pai (§) of new training
sequenc@&?‘ﬁﬁiﬂmegéuyueswlH?éﬁ%?%é{gggéthﬁégg<?hrough gu%ther optim zati on.
Tabl es 2 anhd='3 present the pairwi se SNR degradation performance of the
sequences o?iﬁigurg 3 betwgen any2hdi« $<8L these sequences and GSM trai ning
sequences,L%§5163FW%€h”any pairs of these sequences thenselves. 10 Table 2
Pai rwi se SNR degradati on val ues between any pairs of sequences of Figure 3

and GSM trai ni ng sequences (in dB). SCt TSC 0 1 2 3. 4 %NQ 7 0 2.14 3.38
3.20 3.03 2.43 pased on definitions (1)-(3), the pairwise

degradation values between GSM training sequences are

calculated and listed in Table 1.

5 Table 1 Pairwise SNR degradation values of existing GSM

training sequences (in ds)

TSCH#

0 1 2 3 4 5 6 7
TSC
0 .91 |3.24 |3.08 {4.75 |4.87 |4.85 3.88
1 6.91 | - 3.08 |2.72 |5.03 |4.70 |4.70 {3.67
2 3.24 [ 3.08 | - 6.91 15.57 (3.97 |5.12 |7.16
3 3.08 |2.72 {6.91 | - 4.06 |4.99 [4.79 16.21
4 4.75 | 5.03 {5.57 [4.06 | - 11.46 [5.87 | 6.11
5 2.87 14.70 | 3.97 |[4.99 |11.46| - 3.73 | 5.03
6 2.85 |4.70 |5.12 14.79 15.87 13.73 |- 5.72
7 3.88 |3.67 {7.16 |6.91 [6.11 {5.03 5.72

The average, minimum and maximum pairwise SNR
degradation values between different GSM training sequences
equal 5.10 dB, 2.72 dB and 11.46 dB, respectively. Table 1

10 demonstrates that some GSM training seguence pairs result in
reasonable SNR degradation values while some GSM training
sequence pairs are strongly correlated. 1t secems not to be
suitable to apply all existing GSM training sequences to
MUROS/VAMOS. It would be desirable to have new training

15 sequences for MUROS/VAMOS, each having very good
autocorrelation properties and very good cross-correlation

properties with the corresponding GSM training sequence. It
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would also be desirable to reduce the effects of co-channel
interference, cross-correlation properties for any pairs of new
training sequences and cross-correlation properties for any
pairs of new training sequences and legacy GSM training

5 sequences through further optimization.

Tables 2 and 3 present the pairwise SNR degradation
performance of the sequences of Figure 3 between any pairs of
these sequences and GSM training sequences, and between any

pairs of these sequences themselves.

10 Table 2 Pairwise SNR degradation values between any pairs of

sequences of Figure 3 and GSM training sequences (in dB).

SC#
0 1 2 3 4 5 6 7

TSC

0 2.14 13.38 |3.20 [3.03 |2.43 (2,31 [2.25 [2.71
i 4.87 12.13 12.59 [3.30 {2.58 |2.36 [2.26 |2.79
2 3.20 {3.03 (2.14 [{3.38 |2.26 |{2.34 |2.51 12.38
3 2.59 13.30 {4.87 |2.13 [2.48 {2.31 |2.53 [2.29
4 2.71 | 2.55 12.40 [2.78 [{2.05 |2.38 | 2.24 12.41
5 2.33 12.77 |2.74 {2.86 |2.21 |2.11 |2.41 |2.38
3 2.78 12.68 |2.69 12.70 |2.26 {2.93 [2.06 {2.28
7 2.50 {3.593 |2.79 |2.41 |2.21 |2.31 {2.20 |2.12

Table 3 Pairwise SNR degradation values between any pairs of

seguences of Figure 3 (in dB).
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Pairw se SNR degradation val ues between any pairs of i
(in dB). W2010/020040 PCT/ CA2009/ 001149 y p of sequences of Figure 3
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SCH#

0 1 2 3 4 5 6 7
TSC
0 5.37 |2.35 |2.52 [3.23 |2.80 {2.32 |3.64
1 2.37 | - 2. 52 |2.74 13.23 |3.49 [2.93 12.60
2 2.35 [2.52 | - 2.37 |3.41 |2.69 |2.86 |3.17
3 2.52 |2.74 {2.37 | - 3.10 |3.71 [6.89 [2.71
4 3.23 |3.23 |3.41 13.10 |- 3.66 13.71 13.79
5 5.80 | 3.49 |2.69 |3.71 [3.66 |- 3.33 [2.93
5 5.32 12.93 |2.86 [ 6.89 [3.71 [3.33 |- 3.32
7 3.64 |2.60 |3.17 {2.71 |3.79 {3.93 |3.32 |-

In Table 2, the pairwise SNR degradation values in
the diagonal of the table are the results of a sequence of
Figure 3 and a corresponding GSM training sequences. In this

5 document, the corresponding seqguences are defined as two
sequenices with the same training sequence number in two
separate sequence tables. The average of the diagonal values
in Table 2 equals 2.11 dB. The average, minimum and maximum
SNR degradation values between any pairs of sequences of Figure

10 3 and GSM TSCs are 2.63 dB, 2.05 dB and 4.87 dB, respectively.

Table 3 shows that the average, minimum and maximum
SNR degradation values between any pairs of different sequences

of Figure 3 are 3.19 dB, 2.32 dB and 6.89 dB, respectively.

Both Tables 2 and 3 demonstrate that the average
15 pairwigse SNR degradation performance between any pairs of
sequences of Table 2 and GSM training sequences, and any pairs
of different sequences of Table 2 is good. However, the peak
pairwise SNR degradation values shown in Table 2 and 3 may
affect co-channel interference cancellation with the

20 introduction of MUROS/VAMOS.
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New Training Sequences for MUROS/VAMOS

A. Training sequences best-paired with the corresponding
GSM TSCs

In an embodiment of the disclosure, a set of eight
5 sequences of length 26 are obtained, through computer search,
which are best-paired with the corresponding GSM training
sequences, respectively, in terms of SNR degradation calculated
with (1)-(3). Figure 4A shows these best-paired sequences,
referred to as Training Sequence Set A, generally indicated at
10 120 in a data structure 122 stored on a computer readable

medium 124. The search was conducted as follows:
1) start with first GSM training sequence;

2) exhaustively search through set of all candidate
sequences for the segquence with the lowest SNR degradation, and
15 add the sequence found to the new set, and remove the sequence

found from the candidate set;

3} repeat steps 1 and 2 for sequences that are best
paired with each of the gsecond through eighth GSM training

sequences.

20 Shown in Figure 4B is a computer readable medium
generally indicated at 128 upon which is stored a data
Structure 125. The data structure 125 includes the set of
standard GsSM training sequences 126, and includes the training
sequence set A 127. There is & one to one correspondence

25 between the GSM training sequences 126 and the training

sequence set A 127.
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Table 4 Pairwise SNR degradation values between seguences in

Figure 4A and GSM TSCs (in dB).

SC#
0 1 2 3 4 5 6 7

TSC

0 2.09 |3.05 | 4.10 [3.08 {2.88 {2.52 |2.49 |2.64
1 2.60 |2.09 |2.67 [3.18 |2.56 |2.44 2.57 {2.67
2 %4.10 |3.08 |2.09 [3.05 [2.36 |2.80 {2.57 2.35
3 5> 67 |2.18 |2.60 |2.09 [2.62 [2.37 {2.66 2.19
4 2.47 [2.53 {2.27 |2.69 |2.04 12.34 2.26 ;2.27
5 2.15 | 2.15 |2.64 (2.53 |2.18 |2.07 |2.42 2.22
6 2.38 [ 2.30 |2.48 |2.50 |2.28 |2.42 2,05 |2.24
7 2.55 |2.72 [2.32 (2.25 |2.37 |2.51 |2.1¢8 2.07

The average, minimum and maximum SNR degradation
values between any pairs of sequences in Figure 4A and GSM
training sequences are 2.52 dB, 2.04 dp and 4.10 ds,
respectively. The average of the diagonal values in Table 4
equals 2.07 dB. Based on results shown in Table 4, the new
training sequences of Figure 4A are well-designed to be paired

with the corresponding GSM training sequences.

Table 5 demonstrates SNR degradation values between
sequences listed in Figure 4A. The average, minimum and maximum
pairwise SNR degradation values between sequences best-paired
with GSM training sequences are 3.04 dB, 2.52 drR and 4.11 dB,

respectively.

3. 66

3.33 3.93 6 2.32 2.93 2.86 6.89



3.32 7 3.64 2.60 3.17 2.71 3.79 3.93 3.32 - In Table 2, the
pai rwi se SNR degradation values in the diagonal of the table are the
results of a sequence of Figure 3 and a correspondi ng GSM tr ai ni ng
sequences. In this 5 docunent, the correspondi ng sequences are defined as
two sequencwe 2eiotogshe sane trai ning sequence nunber i NpEWRASRPETR0LE
sequence tables. The average of the diagonal values in Table 2 equals 2.11
dB. The average, mninum and maxi mum SNR degradati on val ues between any
pairs of sequences of Figure 10 3 and GSM TSCs are 2.63 dB, 2.05 dB and
4.87 dB, Ta@3peSt P¥ElVise SNR degraddflbf @afﬁ@@wbééyaént?38§¥§£g§e n M N um
and maxi num SNR degradati on values between any palirs o ITTérent sequences
of Fi gur &1gugRe4ls {tndBB) 2. 32 dB and 6.89 dB, respectively. Both Tables 2
and 3 denonstrate that the average 15 pairw se SNR degradati on perfornmance
bet ween any palrs q’r Sequences] of Tapble 2Tand GhMtTarmngTseqguences, and
any pairs of { Ff&rlent sequences of [Tablel|2 is good. However, the peak

pai rwi se SNR dedradai i on|vwal uesz2sho in Table Psand [ may | affec

co- channel ini% erjence éancel ation with{the 2D intrjoductiion of

MUROS/ VAMOS. 10/ 020040PCT|{ CA20(9/ 001149 15| New Trai ni ng Sequences for
MUROS/ VAMOS Al Tr ai Wi ng séquences best-paifed with the correspondj ng GSM
TSCs I n an enp®di mar§ of |Rheg3d] 3cépwr.s52 a2s62 pp. et qhi. 55 $equences of

| ength 26 arej bbt ai|red;3 { kr ough2 cexjuf ero $8abeh] 3 W b &€ | BesE-jpai red with
the correspond2ng GSMdy aknksagl sequegnces, |BESBECE I Y& Y. 5g] GERFE| of SNR
degradati on cpgbcul gt2damM Bhabl)2 (7 .| T/ Ul 6 44 SHOW [Tgge|gest-jpai r ed
sequences, referred 2.62a$316a1 N3 N Se0ERFCE Set Z—\_,Gé;qlﬁc.lﬁr ¥ _qdi
10 120 in a dpfa SUTAGEING. 182 519% 9% W {oCggppl er Teagghts oedi
The search wase CONQUCTSRA| 356k O] s BB 2 80 |3.73 | )65 0t M5Igh! £ oall
trai ning sequepce; [z.11 2. 2 T vty Searshrthteugh-—5ey of a
candi dat e sequences for 7'21e7g %cﬁc Wit tgﬁ{ll ?&‘% <R degradati on, and
15 add the sequence found to the new set, and renove the sequence found
from t hePcandi dat X8{1ng sequences with gysdiicssdpuctuamdwti or sequences
t hat areobEEmiiéﬂféﬂid@d&&e@ﬁﬁmoﬁfaﬂ&“%éﬁggﬂg$ﬂg%ﬁgggg el &R training
sequences. 20Shown in Figure 4B is a conputer reada I'e 'umdgeneral ly

i ndi cated at 128 upon which is stored a data structure 125. The data
strucbure 125 inclucdes blfetseindig SéapoaickColkhr 8pRingzsgquences 126, and
i ncl udes_ @gcggraélrgtqgnsgggegce set A 127. There is a one to one

cor r espondence ross-correlation properties was determined

by computer search using a method described in detail below.

The set of training sequences is set out in Figure S5A, referred
te as Training Sequence Set B, generally indicated at 130, in a

10 data structure 132 stored on a computer readable medium 134.

Shown in Figure 5B is a computer readable medium
generally indicated at 138 upon which is stored a data
structure 135. The data structure 135 includes the set of
standard GSM training sequences 136, and includes the Eraining

15 sequence set B 137. There is a one to one correspondence

between the GSM training sequences 136 and the training

sequernce set A 137,

The pairwise SNR degradation values between any pairs
of new training sequences in Figure 5A and GSM training

20 sequences are shown in Table 6. The average, minimum and
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maximum SNR degradation values in Table 6 are 2.43 dB, 2.13 dB
and 2.93 dB, respectively. The average of the diagonal values

in Table 6 equals 2.22 dB.

Table 6 Pairwise SNR degradation values between new training

5 gequences in Figure 5A and GSM training sequences (in dB) .

SC#
0 1 2 3 4 5 6 7

TSC

0 > 27 1567 |2.77 |2.59 |2.43 |2.68 {2.30 ]2.32
1 > 35 | 2.26 12.39 |2.78 [2.59 |2.75 |2.28 2.93
2 ~ 88 |2.55 |2.25 |2.27 |2.51 |2.39 {2.5112.7¢
3 =3 15.37 |2.32 |2.26 |2.67 |2.27 {2.75 |2.29
4 17 12.34 |2.21 |2.64 |2.20 |2.20 [2.34 12,82
5 52 | 5.26 |2.28 | 2.73 {2.36 |2.14 [2.55 |2.32
6 ~e1 12.26 [2.48 |2.14 |2.52 [2.93 |2.13 2.45 |
7 ~20 71233 |2.23 |2.30 |2.30 |2.36 [2.58 |2.2]

Table 7 demonstrates pairwise SNR degradation values
between seqguences 1isted in Figure S5A. The average, minimum and
maximum pairwise SNR degradation values in Table 7 are 3.17 dB,

2.21 dB and 4.75 dB, respectively.

10 Table 7 Pairwise SNR degradation values between new training

sequences in Figure sA (in dB) -

SCH# o
0 1 2 3 4 5 6 7
TSC
[V ® 3 50 12.57 {2.39 [3.34 13.12 12.7} 3.37
1 3,20 | - 3 .25 | 3.44 |2.21 [4.75 13.59 |4.64
2 2.57 {3.29 |- 5.70 13.22 |4.41 {2.50 }3.53
3 2.39 |3.44 |2.70 |- 5.49 |2.49 |2.95 14.00
4 3.34 | 2.21 |3.2912.49 |- 2.43 | 2.46 |2.37
5 3. 12 14.75 |4.41 [2.49 |2.43 | - 3.31 {4.40
6 5 91 13.59 |2.50 [2.95 [2.46 {3.31 |~ 2.89
7 3. 37 |4.64 |3.51 [4.00 [2.37 [4.40 Tﬁ.s9 -
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C. Training Sequences without cyclic structure

Unlike training sequence set B, a third training
sequence set, referred to herein as training sequence set C is
composed of sequences that do not waintain cyclic structure.

5 Only optimization procedure II-IV for training sequence set B
outlined below are taken into account for generation of
training sequence set C. For optimization of SNR degradation
between new sequences and GSM training sequences, the segquence
set 1 is obtained by selecting |Q1] sequences from 22¢

10 sequences with minimum average SNR degradation values between

sequences in |Q1l| and all GSM training sequences. Training
sequence set C is listed in Figure 6A, generally indicated at
140 in a data structure 142 stored on a computer readable

medium 144.

15 Shown in Figure 6B is a computer readable medium
generally indicated at 148 upon which is stored a data
structure 145. The data structure 145 includes the set of
standard GSM training sequences 146, and includes the training
sequence set C 147. There is a one to one correspondence

20 between the GSM training sequences 146 and the training

sequence get C 147.

The pairwise SNR degradation values between any pairs
of new training sequences in Figure 6A and GSM training
sequences are shown in Table 8. The average, minimum and

25 maximum SNR degradation values in Table 8 are 2.34 dB, 2.11 4B
and 2.87 dB, respectively. The average of the diagonal values

in Table 8 equals 2.16 dB.
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2. 07 The average, m ni num and maxi nrum SNR degr adati on val ues
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val ues i n WaRe@eP0¥qual s 2. 07 dB. Based on results shown in Table 4, the
new traini ng sequences of Figure 4A are well-designed to be paired with the
correspondi ng GSM trai ni ng sequences.zﬁoTabIe 5 denonstrates SNR '
degradati on val ues between sequences listed in Figure henaugr age,
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best-paired with L LALD BY SeOURRCeSadhend. fdqaBicex 52AndBBand 4. 11 dB,
respecti%?%ﬁnc%%%}é%ompcw CA2009/ 001149 17 Table 5 Pairw se SNR

degradati on val ues en sequences iA—Fi-gure4A——oB)- se# TSC 0 1 2
N
3450 Tg# 0 1 2 3 5 6 7
GSM
TSCH#
0 ».18 | 2.50 | 2.55 | 2.64 | 2.2312.37 | 2.31 ; 2.62
1 2.3712.20|2.60}2.39|2.41|2.67)2.67|2.61
2 5.52]2.29|2.18 | 2.3112.87,2.40)2.2712.33
3 2 53| 2.61|2.41]2.16[2.4912.29|2.48 12.18
4 2 96 l2.23|2.17]|2.3712.16 | 2.27 2,30} 2.24
5 5,171 2.2512.26]2.32}2.232.18 | 2.452.20 ;
6 5.3712.33|2.31|2.28 [ 2.242.282.13 | 2.38
7 5 34 |2.242.25]2.25}2.1312.29{2.11}2.12

Table 9 demonstrates pairwise SNR degradation values
5 bpetween sequences listed in Figure 6A. The average, minimum and
maximum pairwise SNR degradation values in Table 9 are 3.18 dB,

5.44 dB and 4.19 dB, respectively.

Table 9 Pairwise SNR degradation values between new training

sequences in Figure 6A (in dB).

TSCH#

0 1 2 3 4 5 6 7

TSC

o | B |3.62)2.74(3.24|3.80/2.90}2.65)2.81
1 13.62] =~ |3.52]2.86)4.1912.56;3.521]3.21
5 |2.74|3.52] - |3.42]3.00}2.993.06}4.02
3 {3.24|2.86|3.42| - |2.5212.6%3.53|3.80
a |3.80{4.19)3.00}2.52| - |2.44]2.92}3.12
5 |2.9012.56|2.99|2.69]2.44] - |3.43]3.42
6 l|2.6513.5113.06|3.53)2.9213.43) - 13.00
7 l2.8113.21]4.02|3.80}3.123.42{3.00; -
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Sequence search procedure - First Method

Figure 7 illustrates a procedure for finding a second
set of |Q3| training sequences Q3 that has auto-correlation and
cross-correlation properties having regard to a target set of

5 training sequences ¥ . The procedure involves determining
sequence sets Q 152,01 154,02 156 and Q3 158 where
Q00502503 and |Q3| = the number of sequences to be found,
where || represents the number of elements in a set. Q 152 is
a subset of the set of all possible sequences 150 determined

10 through a first optimization step. €l 154 is a subset of O
152 determined through a second optimization step. Q2 156 is a
subset of Ql 154 determined through a third optimization step.

Q3 158 is a subset of Q2 156 determined through a fourth

optimization step.

15 The method is computer implemented and will be
described with reference to the flowchart of Figure 8. The
method begins at block 8-1 with the optimization of
autocorrelations for a candidate set of training seguences to
produce a first training sequence set. The method continues at

20 block 8-2 with optimization of SNR degradation between
sequences of the first training sequence set and a target set
of training sequences ¥ to produce a second training seguence
set. The method continues at block 8-3 with optimization of
SNR degradation among sequences of the second training sequence

25 set to produce a third training Sequence set. The method
continues at block 8-4 with the optimization of SNR degradation
between training sequences of the third set and the
corresponding sequences of the target set of training sequences
VY. The output of block 8-4 is a fourth set of training

30 sequences, and this is the new training sequence set. This set
is output for use in a system with multi-user Lransmission.

Another embodiment provides a computer readable medium having
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instructions stored thereon which, when executed by a computer,

cause the method of Figure 8 to be performed.

In gome embodiments, steps 8-2 and 8-3 are performed

in the reverse order to that shown and described above. This

5 results in a computer method comprising: optimizing cross-
correlations between sequences among a first training seguence
set to produce a second training sequence set; optimizing
cross-correlations between sequences of the second training
sequence set and a target training sequence set to produce a

10 third training sequence set; optimizing cross-correlations
between sequences of the third training sequence set and
corresponding sequences of the target training sequence set to
produce a fourth training sequence set; and outputting the
fourth training sequence set for use in a multi-user

15 transmission system.

First Optimization step: optimization of autocorrelations:
Consider all binary sequences of a desired length. Optionally
copy some of the last bits of the sequence onto the front to
make the sequence somewhat cyclie in nature. Search for

20 seguences with zero autocorrelation values for a range of non-

zero shifts.

in order to achieve zero autocorrelations, the
sequences upon which autocorrelation are determined must have
even length. If an odd length sequence is required, an
25  additional bit is added to the set of sequences with zero
autocorrelation values. This might for example be done by
copying the first bit of the original sequence, or by appending
-1 or +1 for further optimization of cross-correlation

properties.



- B.Training sequences with cyclic structure with optim zed
autocorrelation and cross-correl ation properties 5A set of training
sequences with optim zed autocorrelation and cross-correl ation properties
was deterni ned by conputer search using a nethod described in detail bel ow
The set of WO 2l1PHfisequences is set out in Figure 5A REI@200D1149 as

Trai ni ng Sequence Set B, generally indicated at 130, in a 10 data structure
132 stored on a conputer readabl e nmedizim 134. Shown in Figure
5B is a conputer readabl e nmediumgenerally indicated at 138 upon which is

stored a data strigd WEARSo£TRE;dA t S the set of
standard GSM trai ni ng sg(]:i%er?ces i%Ggg?i%dI%ﬁ%:l it e:sg%t ﬁg%%g‘?%?hgaw sequence
set B 18ZthThptiémized antecosreisttonrespondeinee bebwesagtdrc&SMd rai ni ng

sequencegg . 136 . {rai ni.ng guence set A 137. . The

pai r wi s?%%& %@8%‘5%1;%0%5 vg)llgegggeﬁ%ee% atr}elbile PEF B "RER TP g sequences
i n Fi guret&poanel 83wt raiafifigi2ft segoueht dse ar e rs khaowtelat ok @athixThe

aver age,. m_ni mum and PCT/ CA20091001149 W2010/ 020040 18 rmaxi mum SNR
degrédatgﬁﬁ%a’r%e Yiin Table 6 are 2.43 dB, 2.13 dB and 2.93 dB,
respectively. The average of the diagonal values in Table 6 equals 2.22 dB.
Tabl e 6 _Pai rgi se SNR degradation val ues between new training 5 sequences in

Fi gure SR°GHD WMy SSERueAREEM #HE ) OISEHRy dggBadaBianl 0 TSC
éﬁﬁgé‘cése ences

Table 7rdeppast sl aseqilhotlss and\BafG0E 208 | 0P t\i%'iaﬁﬁﬁ?g& SeHeSS WS

listed in Figure 5A. The average, ni mum and nmaxi mu a
degr adati subvet ues @n Fabl &s ol rikdl bydBel12cRing B @nf ée%ﬁedi:%s
respectively, 10 Table 7 Pairw se SNR degradation val ues between new
‘traini nﬁrg‘éq{}eﬁé'él’s‘ TR P STAIE ANBBleIT 4R 0 M3A 0840 PETHEAR009/ 001149
19 € TELALNLNGS S M t Lpc_structure . nl i ke
tralgni ng Léquencglq-lsjgtlaﬁa, a\ggdtjt @lrédt%éﬂ;}i il s%’gute%éué“gt ?e%?ﬁ??%gpt'o her ei n
as trai DThagasethpN RIS degbalStion for a given sequence from Q) is
determined by computing the degradation for that sequence and

each of the target set training sequences and averaging the

result.

15 Third Optimization Step: optimization of SNR degradation
between new sequences: a subset of Qi, Q2, with minimum average

SNR degradation values between sequences in Q2] is selected.

The following is an example of how the third optimization step

might be performed:
20 1) pick a first sequence from Q2 and remove from Q2;

2) examine all remaining sequences in 02 for the one with the
lowest SNR degradation with the first sequence and select that

as the second sequence, and remove from Q2;

3) examine all remaining sequences in Q2 for the one with the
25 lowest average SNR degradation with the first seguence and the

second sequence, and remove from Q32;



conposed of sequences that do not maintain cyclic structure. 5 Only

optim zation procedure I1-1V for training sequence set B outlined below are
taken into account for generation of training sequence set C For

optim zation of SPAR degradati on between new sequences,@iiehdioiadi ni ng
sequences,WOREMWEHence set Oa is obtained by selecti fng Iloal seiqluences from
226 10 sequences with m ni mum average SNR degradati on val ues between
sequences in 11211 and all GSMtrai nfhg sequences. Training sequence set C’
is listed in Figure 6A, generally indicated at 140 in a data structure 142
stored onah mohpd em uesdibhedpstiiednmuber) 98h8RALCHCHT JIHVE 68SFs a

conput er. readabl.e di Ly L-adLC rakd® idpOBeWhe el tise Stored a
data st¥dfétdh éef45@%§md%¢é;etg%|r S%Fﬁrggblgiéﬁid%c udes the set of standard GSM
trai ni ngeErMideacebuidbdertndfiawsl udes the training sequence set C 147. There
is a one to one correspondence 20 between the GSM trai ni ng sequences 146
and the training sequence set C 147. ) The pairw se %NR

degradat i 6h vepems dfemgedntang Pairs dIOHAGHERG AFHGE SEYEEHESS SR Fi gure 6A

and GSM.trai ni ng sequences_ar.e. showy i Br8es THEG AY 6K, <tA%B8I mum and
25 n%xi%n?%l\ﬁ?rgeergart%dgt FSRPY Fh‘é‘g %%#;b;%% are 2,34 dB, FEEET08 and 2. 87
dB, respectiyelanr Hegravetage; of the diagonal values in Table 8 equals 2.16
dB. W2010/020040PCT/ CA2009/ 001149 20 Tabl e 8 Pairw se SNR degradati on

val ues between new training sequences in Figure 6A and GSM tr.ai ni ng
sequences efi BEAB)1 thd \sdts ol seqisared SthEsMaperaged, 4Pl the €5 18 2. 50

2. 55 2'gé'é%éﬁéé%é%7with the minimum average SNR degradation.

Fourth Optimization Step: optimization of SNR degradation
10 between new training sequences and the corresponding sequences

of the target set of training sequences Y : |Q3] sequences out

of the sequence set Q2 are selected. This step is used to
determine pairs of training sequences that include one from the
target set and one from the new set. The following is an

15 example approach to performing this step:
a) select a training sequence from the target set;

b) find the training sequence in the new set that has
the lowest SNR degradation with the training sequence of the
target set, and pair that training sequence with the first

20 training sequence from the target set, and remove that training

gsequence from the set of available training sequences;

¢) repeat steps a) and b) until all sequences from

the target set have been selected.

The above-described optimization procedure was
25 applied to develop the set of training sequences in Figure 5A,

with |QI]=120 and |Q2f=12. More specifically:
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First Optimization Step: optimization of autocorrelations:
Consider all binary sequences of length 20 (set size is 22%).
Similar to GSM TSCs, for each of such sequences, copy the last
of 5 bits of the sequence and precede these 5 bits at the most
5§ significant positions to generate a sequence of length 25;
search sequences of length 25 with zero autocorrelation values
for non-zero shift [-5, 5] by using the autocorrelation
25
definition R(k)=)'s,s,...k=-5,..,~1. There are totally 5440 such
n=6

sequences available.

10 To be compatible with the current TSC format, the new
TSCs length must be 26. The 26th bit of the full-length (length
26) sequences could be obtained either by copying the first bit
of the corresponding sequences of length 20 or by appending -1
or +1 for further optimization of cross-correlation properties.

15 Therefore, the set of sequences, Q, with optimized
autocorrelation properties is generated. Both methods will

limit the maximum wagnitude of autocorrelation coefficients to

be 1 in correlation matrix O=8§'S in (3).

Second Optimization Step: optimization of SNR degradation

20 between new seguences and GSM TSCs: a subset of Q, Q1, are
obtained by selecting |[Ql] sequences from Q with minimum
average SNR degradation values between seguences in |Q1] and
all GSM TSCs. The average SNR degradation for a given sequence

from Q is determined by computing the degradation for that
25 sequence and each of the GSM sequences and averaging the

result.

Third Optimization Step: optimization of SNR degradation
between new sequences: a subset of Q1, 02, with minimum average

SNR. degradation values between sequences in Q2] are selected.
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listed in Figure 6A. The average, m nimum and naxinum iegivredl giguences
degr adat i aymo yabuoms4oi n Table 9 are 3.18 dB, 2.44 dB anJRﬁ%%gM%QO

respectively. Table 9 Pairwi se SNR degradati ; o
sequences in Figure 6A (in dB). TSC#2%SC ation val ues between new training

Fourth Optimization Step: optimization of SNR degradation
between new training sequernces and the corresponding GSM TSCs:

|Q3}=8 sequences out of the sequence set €2 are determined. The

result is the set B of sequences Figure 5A.
5 Sequence search procedure - Second Method

in another method of sequence search, a searxch
approach that is similar to the above-described ‘first method’
is provided in which the first optimization step is omitted.
in this case, the method begins with the second optimization

10 step of the first method, and the sequence set Q1 is cobtained

by selecting |Q1| sequences from all possible sequences with
minimum average SNR degradation values between sequences in
|Q1] and all the sequences of the target set ¥ . Note that the
sequences are ot required to be cyclic in this ewmbodiment.

15 TUsing the language of the flowchart of Figure 8, block 8-1 is
omitted, and the “first training sequence set” becomes the

candidate set of training sequences.

applied to the MUROS/VAMOS problem, in the second
optimization step, the sequence set Q1 is obtained by selecting
20 |§MJ sequences from all 2%% possible seguences of length 26 with
minimum average SNR degradation values between seguences in
|©1] and all the GSM training sequences. The result is the set

of sequences C of Figure 6A above.
ASSIGNMENT OF TRAINING SEQUENCES

25 Having defined a new set of training sequences oY a
part of a new set of training sequences for use in conjunction
with a target set of training sequences, for example the set A

defined above or a part of the set A in conjunction with legacy
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GSM training sequences, set B defined above or a part of the
set B in conjunction with legacy GSM training sequences or set
C defined above or a part of set C in conjunction with legacy
GSM training sequences, various mechanisms are provided for

5 assigning training sequences. Note these mechanisms are not
specific to the examples provided herein. A specific example
of multi-user operation is the above described MUROS/VAMOS
operation, for example, specific implementations of which
include the 0SC or co-TCH or Adaptive Symbol Constellation

10 dimplementations thereof.

In a cell within which multi-user transmission is
being implemented, in interference limited scenarios there is
interference from at least two sources. This includes
interference from the other user(s) on the same physical

15 transmission resource within the cell, and interference from
mobile stations of the same physical transmission resource in
other cells. Conventional mobile stations are already equipped
to deal with the interference from mobile stations using the

same physical transmission resource in other cells.

20 A mobile station that is specifically aware of multi-
user operation will be referred to as “multi-useraware”. In a
gpecific example, a mobile station that is aware of VAMOS aware
operation might, for example, be referred to as a VAMOS aware
mobile staticn. Such mobile devices are configured to be able

25 to use any training sequence of the target set and any training
sequence of the new set. Mobile stations that are not
specifically aware of multi-user operation will be referred to
as “multi-user unaware”. Such mobile devices are configured to
be able to use only training sequences of the target set. Note

30 that multi-user unaware mobile stations may still be served in
a multi-user context; such a mobile station will treat the

interference from other user(s) on the same physical
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transmission resource in the same cell in the same manner as it
rreats mobile stations using the same physical transmission

resource in cther cells.

Similarly, networks may or may not have multi-user
5 capability. A network that has multi-user capability functions
using the target set and the new set of training sequences,
while a network that does not have multi-user capability uses

only the target set of training sequences.

In some embodiments, the assignment of training

10 sequences to base stations ig done during network
configuration, and does not change until a reconfiguration is
performed. A given multi-user aware network element such as a
bage station is configured with a training sequence from the
target set and a training sequence from the new set. In the

1% event a base station performs multi-carrier transmission, the
pase station is configured with a respective training sequence
from the target set and a respective training sequence from the
new set for each carrier frequency that it uses. The training
gequence from the new set is the training sequence that is best

20 paired with the training seguence of the target set and vice
versa. In such a case, the training sequences assigned to the
mobile stations will be a function of the previously performed
network configuration. As a mobile station moves between
coverage areas, the training sequences assigned will change.

25 In some embodiments, the same training seguence is assigned for
a given mobile station for both uplink transmission and
downlink transmission. 1In other embodiments, different

training sequences way be assigned.

The behaviocur of the networks can be divided into two

30 types: behaviour when a timeslot is to be used for only a



2.81 3.21 4.02 3.80 3.12 3.42 3.00 - WD 20101020040PCT/ CA2009/ 001149 21
Sequence search procedure - First Method Figure 7 illustrates a
procedure for finding a second set of 1031 training sequences CB that has
auto-correl ation and cross-correl ation properties having regard to a target
set of 5 trworngeadguences 4/. The procedure invol ves gerertioidigsosequence
sets 0 152,01 154,02 156 and CB 158 where 0DOI D0O2D03 and ' CBI - the nunber
of sequences to be found, where Id repgesents the nunber of elenments in a
set. 0 152 is a subset of the set of all possible sequences 150 determ ned
10 throughgael Ubst, Ophd BRI iQUrSWBRN GHelRdsise asubsel akel 452

determ ned through a second optim zation step. 02 156 is a subset of CH 154
det er ni A& *ERIGUBR®ESthird optimi zation step. CB 158 is a subset of 522 156
determ ned through a fourth optim zation step. 15The nmethod is conputer
inplene%t%% and will be described with reference to the flowchart of

Fi gure SSTHECREL KRBT i TeSPthisckOgPe WFEh e S SiPaleatiFes: of

autocorrel ations for a candidate set of training sequences to produce a
first trnai ning se o t.. The_ rnet hod ntinues at 20 hlock 8-2 with

opt i ni z%?i on of Sﬁi&ge&gr“} ati on befuesh 'ggqh%n oe}eofsetrﬁggf BYS? training.
sequénceetswprinwishoer getltsetuselr tapahihijt geobenaasinYnyOspgaehes a second

trainin q c . The hod continues_at Qhlock 8-3 with optimzation
of SNR 5§§a§§€i§%§§%%63Q38§§§n§8s38F1?ﬂ%§sﬁﬁﬁn§¥%%w§5niH@m§ utbe 25 set
to produceiainyi seqtemiaialgweqednce skre. sdheinpiied eeatisnesuaind! ock 8-4
W th th%e Bgigizaﬁ%on of .SNR degrgdatlon bet ween traini ng sequences of the
third s&f &hdt A" CoF P ToiioRg C58G0BMEEs o THE 21§t 2¥ate ofokikE ni ng
sequencesatiofhes atdduitaveireblodc knd- 4apsbie f OB rieboeh thAI PhAG30
seqqﬁncgg agdtthis.is t he neM/trainigg sgguence set. This set 1s output
for Use®Fh 8rsyETEMIT tIPMEEEL8BP FRENSSY s¥F0rPf ARBEREPYenbodi nent

provi deseguenapst er readabl e nedi um having WO 2010/ 020040PCT/ CA2009/ 001149
22 instructions stored thereon which, when executed by a conputer, cause
the nethod of Figure 8 to be perfornmed. In sone enbodi nents, steps 8-2 and
8- 3 ar eBper f or medlien tehe mdvérseeor deart oM hiad hdsn sandedesera bed above.
This 5 ' ut er t hod. conpri sing: opt.imzin
cross-cgggg#ggi%ggﬁbe agéﬁg§ég§3 3e§£5€£hgléq%F?§flﬁr3iﬁ?ﬁ@ngequence set to
pr oducetamgetond this Mshgiceequenceesét tooghare 2 NGnesAs8- wOEK el ati ons

bet ween of.the second training sequence set and target training
seq\ggncgﬁggt{g?gﬁ%o ulcneceea “Po AR PESt PAY nT g S Bl ST eBEES ]g?ff? g

Cr oss- coepidaedons Hretavden teequenecesavion herdgudd elsr 8hahngrapgiience set and

corres n u es .of the target training sequence set to produce a
fourthpggghegcgg%y]&e farger g'gﬂ?ﬁtﬁ"?‘?’ntgr GPREHERFSI ¥t Wy Réequence

Al NG sequence set, &R
set forasségned afom|thiiudmE, homblanshe SSewNt Sy4stier sEhhehepti M zation
autocorrel ations: Consjder all binary sequences of a

t ep: imozati f (
Zegﬁreggﬁgﬁé%ﬁ?ég%fﬁ:ﬁhﬁ%fV&BEy 28TeS b T 17 THICDPESWEFRt he sequence onto

t he2br onbnf dbgurkiei drhevrs eghereessonmewhat cyclic in nature. Search for
Behaviour when a timeslot is to be used for multiple users

A) When a first multi-user aware MS, MS-A, is served by
a network with multi-usercapability, as discussed above, a new
training sequence is assigned to MS-A, namely the new training
25 sequence allocated to the serving base station during network
configuration or otherwise. If there is a request to share
the same timeslot with a second MS, MS-B, no matter whether MS-
B is a multi-user aware MS or not, the training sequence of the

target set which is best-paired with the new training sequence



20 sequences with zero autocorrel ation values for a range of non- zero
shifts. In order to achieve zero autocorrelations, the
sequences upon which autocorrel ation are determ ned nust have even | ength.
If an odd | ength sequence is required, an 25 additi ongleriidrdomonaded to the
set of sequemo®®0M0th zero autocorrelation values. This mght for exanple
be done by copying the first bit of the original sequence, or by appending
-1 or +1 for further optinization of?¢ross-correlation properties. WO
20101020040PCT/ CA2009/ 001149 23 . The out put Yl this step is a
set of paeayensesd, b Mzt widpt bei 2ediarrdds M 4ri O grgper?i es. For
sequences .to which an addi tional Bit ¥&s addarthcedheonake nwereghi t ude of
aut ocoFFéP&H‘%ns%%‘é?lﬁ%idoce%n?g%murg be 1in correlation matrix 5 Q=SIS in
(3); SepardsOatidhzati o SteaporspePhf FALTIN IVt BDRAEYI'4dat i on bet ween new
sequences and target set of training sequences |IF: a subset of n, na, is
obtai ned by selecting 1011 sequences from Q wi th mnai pum average SNR
degr adat)i on val ugbehes vbkrstl déduEREESU AT bal dng@t% target set of
trai ning sequences T AVEnaAgs SNRpEBYI At} | ortfadmiaggseanesetuence from
nis° d&yeﬁngﬁ?ga’oﬁg ‘g%%%-[}tﬁf ng the degradation for tlhatthséeggg@%gngrnd each of
the targeaim $ele thabgatngesetpearadongdd tavlradi nftHe result. 15 Third
Optimzation Step: opiinzationnf -SPB-degnadat tion dretwimenbae® sequences: a
subset %@q@ﬁcez?mw ?he%%u m average SNR degradatj on va_[Ifu%?IeEgtyxgen
SeqUeNcgsat 1brl GRikiing seteotkedeorfe FRtion RY PEEIYE3&nplé of how the third
optim zation step m ght beg.pgrf ‘actdby Pickhat fis siulsequerce from 02
and rendvEESIHh 32 S%arf) lq%xgn‘lﬂfn\{e a IS renmai ni n‘g, sequencessei r&eg%efor t he one
Wi t B ot hgyhpuesis - S\R iseghadatitent e dthe Hier SF7sEHUEICE and sel ect that as
t he second sequence, and re M. Q2ning seqdgnexadt nehealtdargetai ni ng
sequencEbifh 2 q%ﬁt'ﬁ?érgﬁe‘q’gmgtﬁhélﬁﬁe 25 r_lllov?/est aver age SNR d%g,‘reaq%%)i on with
the firsbeSgguenoesanbyt Ms-sewdhl beqrsicaednd Mintve P om 02}
20101020040PCT/ CA2009/ 001149 h&NbSA N beBEi btat desidved ngunber  of
sequencé§ah§%€9b%%cﬁ"‘?nd’eenﬁﬁf)géée%af?:ﬁ% ate the average SNR degradation
bet ween Lhg sROMERERSuAdI®N denbtherdise. 5) repeat steps 1 to 4 using a
different first sequence from5 02 to generate a respective set of
sequences and a respective average SNR degradat.i,on; .gf,all the sets
of sgfuences thusTgenEYeHaEHT LS fRe*3RTPoF r%eetdho né’éfst\%g%ﬁ Itﬂ%e m ni mum
aver age SNR degradation 11 GRbkALEati o S pireophionnz at | HrEWieSSNR
degradatﬁe&ﬁ‘ei‘ﬁ%bgfﬁé %m%%%:vq%grlg%ni ng sequences a{gd th%e%or§§§gongl}i%
sequences, afnd e .t aFgetracd?h ofelataentRgCREGURh EE AT (3531 Sequences out
of the sequence_set. 02 are s t8d gefbBkr$bslefibdse used to determne pairs
of trai rﬁ%fﬁlrsee(?ﬁeﬁ(?%%g?ﬁatfeoi%: ung one fromthe target set and one fromthe
new set. The following is an 15 exanpl e approach to performng this step:
a) select a trai niRréQ&EgHgnﬁ@wfgcprpitgmﬁ:et angewheeta first multl-uﬁ?'.—ffi nd the
training sequence in the new set that has %he !sgg&?% 2R degkadabhon with
the bpai sidage Sedudecstekipheif drYeinad® W EAd®paTT that traini ng sequence
Wi th thebici-ééﬁt#pl tr RIALRY S8gUSRCRy T4 orewt heatialget septenaendor ERbve t hat
uenc

training e fromthe set of available training. NCLSh
c) repeatissepsol)leamda)ionnt | BLaFF %pe'c?uéﬁ‘é@gvﬁo?nsgh%&%gé%et set have been

SeleCted'second mobile station the training sequence of the target set
w training sequence being used

which is best-paired with the ne

25 by first mobile station, irrespective of whether the second

mobile station is a multi-user aware mobile station or not;

Referring now to Figure 9B, when a first multi-user

unaware mobile station is torshare with a second mobile station

that is multi-user aware, block 9$B-1 involves assigning a

30 training sequence from the target set Lo the first mobile



The above-descri bed optim zation procedure was 25 applied to devel op the
set of training sequences in Figure 5A, with icakl1l20 and 104=12. Mbre
specifically: 25 First Optimzation Step: optimzation of

autocorrel ations: Consider all binary sequences of length 20 (set size is
220) . Si m wWar201992¢m80 TSCs, for each of such sequences, PEGEA200080114st of 5
bits of the sequence and precede these 5 bits at the nost 5 significant
positions to generate a sequence of Bength 25; search sequences of |ength
25 with zero autocorrelation values for non-zero shift [-5, 5] by using the
aut ocorgteltdidnon debini sBan 1P)dlsre=a asleigning. to-tlhe THmrcedamebtideal | y 5440
such n=6 se ue%ﬁgs avai | able. 10To b %%npatibletw&tﬂ:the %rEgnt TSC
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(I engt haBesaqudners coalhbe ahfirimedbeihfeusdy bpphiendginke first bit of
t he correspondi ng sequences of |ength 20 or by appending -1 or +1 for
furtheﬂ“QRﬁ%Qﬁsf rBR-of cross-correlation properties. 15 Therefore, the set
of sequences, 0, with optim zed autocorrel ation properties is generated.

Bot h hod L limt th i i | ati
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used by the top receiver to perform timing/channel estimation

30 and DARP processing, and another of these, referred to as

training seguence B, is used by the bottom receiver to perform



of sequences C of Figure 6A above. ASSI GNVENT OF TRAI NI NG SEQUENCES
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30 sequence B, is used by the bottom receiver to perform
timing/channel estimation and DARP processing. The training

sequences used by the receivers are assigned by the network,
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training sequence repository 100 containing a target training
25 sequence set and a new training sequence set generated using
one of the methods described above. One of these, referred to
ag training sequence A, is used by the top receiver to perform
timing estimation, joint channel estimation/detection, and
another of these, referred to as training sequence B, is used

30 by the bottom receiver to perform timing estimation, joint

channel estimation/detection.



unaware nobile station is to share with a second nobile station that is
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the target set to the first nobile 31 station. Block 9B-2 invol ves
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nobi l e station. 5 Exanple Transm tt and Recei ver |nplenentations
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conponents are standard an .11 _not be_describ in d i ch receiver
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sequence it uses agcaighiiey ymbodiment, each base station, or more

generally, each transmitter, is encoded with at least one

training sequence from the target training sequence set (for

example one training sequence of all of the training

ééquences), and at least one training sequence from the new



5Figure 12A shows a pair of transmtters of OSC or co- TCH (co-traffic
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above. €heifind hRsRentebeatiing OndsSud@iddng sequence A, is used by the top
receiver to performtimng estimation, joint channel estination/detection,
and anot her of these, referred to as training sequence B, is used 30 by the
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a base tstaatsrdftt imgypbepesad i qureed neiitfi nbheequente tesgsicdrfababngssequence

set,an ent i R traini ng sequence set 5| n anot her enbodi nent, each
baszeoas%l at‘%z%ﬁ,eigors E%B%gwgerﬁae“f arlfef %O@@Hrfeﬁaﬁgﬁh 'fzté"?,ati Eitod88 with at | east

-one trdiavigey sequenve fequerddwe dral gele bralshsg seguehe e shigfor exanple

one traj equ of all.of, the traini sequences), and at | east one
traini ﬁég %%S%ﬁceﬁﬁ%grﬁ?%%éende\ﬁl%‘s EE]TLLaloﬁi ﬁggs’éﬁ%ﬁe‘h’c‘@ SRAUEFGESeRENpl € one
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sequenc%:e <) t%rlg’mwhgg %gi/lv\é"”f rtg’ﬁi“f?g’légqﬁéﬁlféoge?ot fogms hsedetfgired with 5
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duri ng et work ‘get th © target trRipibHsAFEtER DrogtedEVer eheoded with
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transmtting pur pbses,sczt%r?e (raté_‘i%ﬁi ng %eﬁ'ﬁ%%lc‘ée?'e %t @Fyazgﬁs‘?)f* 28:a mobi | e
station, may be configured with the at |east one



target training sequence and the at | east one new training sequence. Wen
encoded with all of the training sequences of the target training sequence
set and the new training sequence set, this will allow the nobile station
to perform handoffs 25 between base stations that are gsgéoo@fheday training
sequence( SyoRe10/200He target trai ning sequence set and/or the new training
sequence set. Atransmtter or a receiver that is encoded with
a training sequence is a transmtter3%r a receiver that has the 30 training
sequence sonehow stored and useable by the transm.tter_or receiver. A
transmigibenofr of & coshiler stawdhnashavbade? RO 26Y0AG2052 CA2009/ 001149
36 station or a,nobile stat.i hayi pg-ai-pay tivad as bbaentagusequence is a
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may haviEsheéd ﬁFBWB%st%grs}troarle olrg exanpl e during device Eonfi gur ati on.
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a different_training se , -Itlhﬂéjﬁyid;etggrmbbﬁé ngeachings.a fkaiai ng
sequenc@l?‘éjp%%‘ﬁeora#c ﬁgg?ﬁlﬁ?ﬁglat |'east one traini nﬁ s%é ence froma first
set 1@f thateFswe serlbencedeconepdtipaf ofitHESCERER AP RPHY g:uence 01 cl 1-0
CO F' - 011000100010010011 %%és @éyoj’c;el 1001404140046 0than as
0100000%BR% 1‘%@%1?6%%8%@ 1101710111001111010000

0111010Q}221 616001k GEEL¥EDed0be06901001101010011110011



00010000110100001101110101 01000101110011111100101001 wher ei n each
training sequence in the first set is paired for transm ssion on the sane,
carrier frequency and the sane tineslot with a respective training sequence
having the sane training sequence code (TSC) froma second set of training
sequences consisting of: TSC Traini ng3Bequence O (N fl :1- 1X) COI-
00100101110000100010010111 00101101110111100010110111 010000111 011 101
001000011%%\5\8%000111101101000100011110 00011010111001000001101011
010011101071100000100111010 10100111110110001010011111
11101111000100101110111100 38 a transmtter for transmtting a
burst, ingludi . e_trai i LiSke set of
traini ng ‘eque’ﬂg’%ébmgn%&ggegg%%%ﬁf a&ﬁ@%&%&‘ﬁ@%ﬁ%‘é’ﬁ reqﬁg%ggo'%% Wi t hin
t he sane t¢drmekret a camey cagiet Hequeapeandva same timesjol egheroceadhr owbide second
set of_ training sequences having the sane . 5 2. A device.according to
cl ai mBL. | SR RATn He, AR CARE JifeTeY PR dae sams Ter RS (e

trai ni ng @Giferepneamiry stiuehes,fthe slevisatcoafprisingt ni ng sequences. 3. A device
according to claim.2, in which the trai ni_ng seigue ce regosi tor%@loi ncl udes
al | of .the trad{faiing s§auenaesreposion FontinggRtde?st ane FAMNSJPREGHRnces.

4. A net hpghnizfirgt SR krfirfiRy s&fiehess dshsistihgtofM el ess network in which two
nobi | e devi ces can share a sane carrier frequency and a sane tineslot,
where each nobil e device sharing the sane carrier frequency and the sane

tineslot is 15 assfgpgd a df fTer ety S&dliEne8qUence, thelnet hod

conprising the step off transmtting a bursf on the sanme catrier frequency
and within the sanme0Otij31d 0hhOE0 il B 18> Het 1RbPIte deyi ce, the burst

including a trainjng sqglf%n?qe 298 1% BaYd 8ad 1 1tr@bi g $equence being
assigned froma f]jrst |[set of tralining sequences consistingjof: 20 TSC

Trai ni ng Sequence| - 200171 0N 0. ® 1@110@0A 0001 @100 1A 1019911
3 {001011011101110611110100060C
01110100111101001110111110
01000001001101010011110011
00010000110100001101110101

01000101110011111100101001
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10
wherein each training sequence in the first set is paired for transmission
on the same carrier frequency and the same timeslot with a respective training
sequence having the same training sequence code (TSC) from a second set of
training sequences consisting of:
15

TSC Training Sequence

00100101110000100010010111
00101101110111100010110111
010000111011410100100001110
01000111101101000100011110
00011010111001000001101011
01001110101100000100111010
10100111110110001010011111
11101111000100101110111100
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;and,



01011110100110111011100001 01000001011000111011101100
00101101110111001111010000 01110100111101001110111110
01000001001101010011110011 00010000110100001101110101
01000101110011111100101001 wB&rei n each training sequence in the
first set of training sequences is paired for transm ssion on the same
carrier frequency and the sane tineslot with a respective training seqguence

having the Sa@tr%ﬁérhmquoﬁﬁgHﬁﬂﬁﬁgcact%rétT %{u&ﬁghﬁ@@ﬂeéﬁ@@t@ﬁﬁngﬁ
trai n| ng sequences consi sting of: SC Trai ni ng Se%Gence 0" - Y

1.0 (.0 tseqﬂea@i)1@@1&'@0@@1@@b@b@i@lmse@@l@ﬂ@fﬂl@Pﬂ éo&?ﬁﬂﬁ@f@@e

0100001 AR R B e oomctv i

10100111 kEqliéneoHombe setdnd set of training sequences having the same TSC.

5 .
2. A device according to claim 1, in which the training sequence repository
inciudes all of the training sequences from the first set of training sequences.

3. A device according to claim 2, in which the training sequence repository
10 includes all of the training sequences from the second set of training sequences.

4, A method in a mobile device for use in a wireless network in which two
mobile devices can share a same carrier frequency and a same timeslot, where
each mobile device sharing the same carrier frequency and the same timesiot is

15 assigned a different training sequence, the method comprising the step of
transmitting a burst on the same carrier frequency and within the same timeslot
shared with another mobile device, the burst including a training sequence and a
payload, the training sequence being assigned from a first set of training
sequences consisting of:

20

TSC Training Sequence

01100010001001001111010111
01011110100110111011100001
01000001011000111011101100
00101101110111001111010000
01110100111101001110111110
01000001001101010011110011
00010000110100001101110101
0100010111001111110010100 1
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wherein each training sequence in the first set of training sequences is
paired for transmission on the same carrier frequency and the same timeslot with
a respective training sequence having the same training sequence code (TSC)
25  from a second set of training sequences consisting of:



111 01111 0001 0010 111 01111 OO wherein the training sequence from
the first set of training sequences is transmtted on the sane carrier
frequency and within the same tineslot carrying the respective training
sequence fromthe second set of trai3 ng sequences 5 having the same TSC
5. A nethod according to claim4, in which all of the training sequences
fromthe first set of traini ng sequences are stored on the nobile device.
10 6. A nethod a rg—to-ctai I“WW ni ng sequences
fromthe second kAIE"??"IQf traini ng sequenges re stored on the nobil e device.
7. A nmethod accdrddnd a0 1an§ 103 1dl 20190 @ 1t®OE,1 0@ Whilch1t hel nobi |l e device
recei ves an assilgnpen I sequence fromthe
first 15set of traﬁl rfbbge{g?g (ilie‘ {ibé Fisl %Q@ baﬂgmﬁ) use in a wreless
network in which tao rmlplolmo@ewda}:mahoafmﬂd @0 g0t 1chori ey frequency and
a sane timeslot,] wherle ach e dev carrier
frequency and the and OnQaQﬂ {) 110 g§s¢ 32)9{383 ég%dff]f ef@ t rai ni ng
sequence having fa sanq) b0 mlmgoqeﬂuq:m;q (;C@dea (QTSQ)n g he base station
including a transmittie ai nj ng) feq uence repository

configured with jatSI ea%ﬂ 0&1”8 1tTQ|1rF? id %Qcﬂ%ﬂc?eo Prlom! ® $Prst| set of training
sequences consi stigg [of 5 1 ¢t 119% 111 8111 DD Feaueoeer 91 P4 C) Nr cO CO N
01100010001001001111010121 01011110100110111011100001
010000010110001110711jch1d0? 1dohd H1®2 11D 11D #112310dIPL 0
0111010011110100%1161t11116—01000001001T1T0T01T00TTT1001T
00010000110100001101110101 01000101110011111100101001 the training
sequence reposihereip thiestoaibiegregquenté dnore thanfinsh sat of traisingoseauengésiing
sequence . fraom. . i ni i St i :
Traini ng t@é‘%ﬂhﬁ%ci SR MY sSfle Hrrilf ﬁé&ﬁé}%ymﬂﬁﬁﬁhg%Qﬁiesﬁﬁggopéarry-[n%

the respective training sequence from the second set of training sequences

5 having the same TSC.

5. A method according to claim 4, in which all of the training sequences from
the first set of training sequences are stored on the mobite device.

10 6. A method according to claim 5, in which all of the training sequences from
the second set of training sequences are stored on the mobile device.

7. A method according to any of claims 4 to 6, in which the mobile device
receives an assignment to use the at least one training sequence from the first
15  set of training sequences.

8. A base station for use in a wireless network in which two mobile devices
can share a same carrler frequency and a same timeslot, where each mobile
device sharing the same carrier frequency and the same timeslot is assigned a
20 different training sequence having a same training sequence code (TSC), the
base station including a transmitter comprising:
a training sequence repository configured with at least one training
sequence from a first set of training sequences consisting of:

25



VO0OCAAC) hi -+ 0 00100101110000100010010112 00101 101110111100010110111
01000011101110100100001110 010001111011010001000111120
00011010111001000001101011 01001110101100000100111010
10100111110110001010011211 11101113000100101110111100 5 wher ei n
each training sequence in the first set is paired for transm ssion on the
sane carder frequency and the sane tinmeslot with a respective training
sequence havi ng t@ﬂ-ﬁ"ﬁ tratning 1 gde—(FSES—tn—the second set;
and, a signal ger or configure&li?&ﬁ'sﬁ“ggl9 Ué%{(&éba nmul ti-user signal on the
sane 10 carrier freaquelacw argiotiheosahe 01 0est ot1,1 0Med Ml ti - user si gnal

I ncl udi ng a respgct nce o) ri each receiver of
two nobil e devi ces,4 t h@ {ﬁ téﬁ@g%tu(f& ht ﬁa E@d ﬁ%@e@gﬁaﬁ ing the same TSC.
9. A base station |acgol @Imotcpo@ aonn Boomwwm ol 1 he t1a@a@mihg sequence
15repository is donfigure he trainin es fromthe

first set of trai nlalg Qéhﬁj@n'kéé’ 1 14'10 1(5 WO@akd 1st Qﬂl%ﬂ%a%c rding to claim

9, in which the tjraj nipx $qcn1¢r@p@1r1epqm1gr(y1 HS @qnm guredi with all of the
trai ni ng sequencgs fromthe second set of traini ngﬁ uenc 511. A net hod

of generating a rul®i{@stP 00 §Ral Ot 10 1 DfdP It datrier frequency,
conprising the stepq of Ocd)gq@b%qf@gwbl{,Vﬁwm qldlggs,eq ence and payl oad
o)

for each receiver two recelvers, wherein the training guence for one
recei ver is seledtefl {0ch0QQq 11051 146 O 1 ﬂr‘ia‘l ﬂnorfg‘lé)ehgéhte consi sting of:
TSC Trai ni ng Seq ence - O—01+—Cco \J. ) \U_N- 61+1660166601061001111010111
01011110100110111011100001

the training sequence repository also being configured with &t least one

(7))

training sequence from a second set of training sequences consisting of:

TSC Training Sequence

001001011100001000100410711
0010110111011110001011011 1
01000011101110100100001110
01000111101101000100011110
00014101011100100000110101 1
01001110101100000100111010
10100111110110001010011111
11101411000100101110111100
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wherein each training sequence in the first set is paired for transmission

on the same carrier frequency and the same timeslot with a respective training
sequence having the same training sequence code (TSC) in the second set; and,

a signal generator configured to generate a multi-user signal on the same

10 carrier frequency and the same timeslot, the multi-user signal including a
respective training sequence and a payload for each receiver of two mobile

devices, the respective training sequences having the same TSC.

9. A base station according to claim 8, in which the training sequence
15  repository is configured with all of the training sequences from the first set of

fraining sequences.



01000001011000111011101100 00101101110111001111010000
011101001111010011101121120 01000001001101010011110011
00010000110100001101110101 01000101110011111100101001 10 , and the’
trai ni ng sequence for another receiwgr is selected froma second set of
trai ni ng sequences consisting of: TSC Training Sequence - en CD A CO Na ->
0 00100101110000100010010111 0010110111011121000101101112

01000011 11 0] 0 1 Pt

0001101017 100700000 118041 2B AN 1701 L00CR0 a0 11 T LG ming sequence

10100111 repasivaosocodgarediwith all of thel tapingosenuenogs, fregotheiseconth seboh t he
pair of H&mhﬁé?g SEHEUENces selected fromthe first set of training
sequences an &I LEE3nd set of trai ni ng sequences, respectively, each have
a sane training sequence code (TSC)

5 11. A method of generating a multi-user signal for a timeslot on a carrier
frequency, comprising the step of combining a respective training sequence and
payload for each receiver of two receivers, wherein the training sequence for ane
receiver is selected from a first set of training sequences consisting of:

TSC Training Sequence

0110001000100100111101011 1
0101111010011011101110000 1
01000001011000111011101100
00101101110111001111010000
01110100111101001110111110
01000001001101010011110011
00010000110100001101110101
01000101110011111100101001
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10
, and the training sequence for another receiver is selected from a second
set of training sequences consisting of:

TSC Training Sequence

00100101110000100010010111
00101101110111100010110111
01000011401110100100001110
01000111101101000100011110
00011010111001000001101011
01001110101100000100111010
10100111110110001010011111
11101111000100101110111100
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15 , wherein the pair of training sequences selected from the first set of
training sequences and the second set of training sequences, respectively, each
have a same training sequence code (TSC).



42 12. A conputer readable nedium storing conputer executable

instructions for 5 performng the nethod of any of clains 4 to 7. 13. A

conput er readabl e nmedi um storing conputer executable instructions for
perform ng the method of claim11. 42

12. A computer readable medium storing computer executable instructions for
5 performing the method of any of claims 4 to 7.

13. A computer readable medium storing computer executable instructions for
performing the method of claim 11.



