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(57) ABSTRACT 
The present invention relates to a transmitting device and a 
receiving device in a wireleSS Orthogonal frequency division 
multiplex (OFDM) communication system with space time 
transmit diversity (STTD). Further, the present invention 
relates to a channel estimation method for performing a 
channel estimation in Such a wireleSS communication Sys 
tem, in which the transmitting device comprises a first and 
a Second antenna for transmitting Signals with Space time 
transmit diversity. The first and the Second antenna means 
are arranged spaced apart from each other in a Space 
diversity arrangement, whereby first and Second pilot Sym 
bols are transmitted via Said first and Said Second antenna 
means, respectively. Some of the Second pilot symbols are 
orthogonal to corresponding ones of the first pilot Symbols, 
So that a channel estimation to Separately determine the 
transmission quality of Signals transmitted from the first and 
the Second antenna means, respectively, can be performed in 
a receiving device which receives the Signals with only one 
Single antenna. 
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PILOT PATTERN DESIGN FOR ASTTD SCHEME 
IN AN OFDM SYSTEM 

0001. The present invention relates to a transmitting 
device and a receiving device of a wireleSS orthogonal 
frequency division multiplex (OFDM) communication sys 
tem with space time transmit diversity (STTD). Further, the 
present invention relates to a channel estimation method for 
performing a channel estimation in a wireless OFDM com 
munication System in which a transmitting device compris 
ing a first and a Second antenna transmits signals with Space 
time transmit diversity. 

0002. In wireless telecommunication, the transmission 
quality between a transmitting device, Such as a base Station, 
and a receiving device, Such as a mobile terminal, depends 
Strongly on the respective transmission environment and is 
often deteriorated by fading effects and the like. This often 
leads to poor Speech and data transmission quality, particu 
larly if only one Single antenna is used on the transmission 
Side and one Single antenna is used on the receiving Side. 
Therefore, Some mobile terminals for wireless telecommu 
nication Systems, Such as the GSM System, comprise two or 
more and different kinds of antennas built as internal or 
external antennas in the mobile terminal. However, it is 
desirable that modern mobile terminals are as Small and light 
as possible and therefore it is an increasing interest to use 
only a single antenna in these mobile terminals. In order to 
allow the use of only a single antenna on the receiving Side, 
particularly the mobile terminal Side, it has been proposed to 
use more than one antenna on the transmitting Side, particu 
larly the base Station Side, So that the diversity gain can be 
used for a better transmission quality. This Scheme is called 
transmit diversity. Transmit diversity generally means that 
more than one antenna, e.g. two antennas, transmit data 
Simultaneously to a receiving device. If the same data are 
transmitted in parallel by two antennas, the receiving side 
has a chance to receive Signals at least from one of the 
antennas with an acceptable transmission quality So that a 
good connection can be ensured. One Specific approach in 
the transmit diversity Scheme is the use of a So-called Space 
time coding. The resulting Space time transmit diversity 
(STTD) has been adapted and is part of the UMTS standard 
for the next generation of mobile telecommunication. 
0003. In a space time transmit diversity system, a trans 
mitting device, Such as a base Station, comprises e.g. two 
antennas arranged spaced apart from each other in a Space 
diversity arrangement. A Stream of data to be transmitted to 
a receiving device, Such as a mobile terminal, is encoded and 
processed So that two parallel data Streams are generated. 

0004. After further processing corresponding to the 
respective wireleSS communication System, the data of each 
of the two data Streams are transmitted by a respective one 
of the two antennas. Although generally the same data 
content is transmitted by each of the two antennas, the 
Signals transmitted by the two antennas are not absolutely 
identical, but data Symbols to be transmitted are mapped or 
coded slightly differently on the Signals transmitted by each 
of the antennas. This allows a receiving device receiving the 
Signals transmitted from the two antennas with only a single 
antenna to distinguish and Separate Signals coming from one 
of the transmitting antennas from Signals coming from the 
other of the transmitting antennas. Since the two transmit 
ting antennas are arranged in a Space diversity arrangement, 
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croSS interference is avoided and the receiving device can 
then, after a corresponding channel estimation, distinguish 
and combine the Signals from the two transmitting antennas 
to obtain a better transmission quality. The channel estima 
tion in the receiving device is usually performed on the basis 
of pilot Symbols transmitted from the transmitting device. 
The receiving device performs a channel estimation by 
comparing received pilot Symbols with an expected pilot 
Symbol to measure the channel response and to tune the 
receiving device to the best transmission channel, i.e. the 
transmitting antenna to which the better connection exists. 
0005. The above-mentioned UMTS system bases on a 
code division multiple access (CDMA) scheme. The CDMA 
Scheme is only one of Several possible multiple access 
Schemes used in WireleSS telecommunication. For wireleSS 
telecommunication with high data rates, the orthogonal 
frequency division multiplex (OFDM) scheme is known, in 
which the available frequency band used for a communica 
tion is divided in a plurality of frequency Subcarriers, 
whereby adjacent frequency Subcarriers are respectively 
orthogonal to each other. 
0006 The object of the present invention is now to 
propose a transmitting device and a receiving device for a 
wireless OFDM communication system with space time 
transmit diversity as well as a channel estimation method for 
Such a communication System, which allow a simple and 
effective channel estimation to be performed. 
0007. This object is achieved by a transmitting device for 
transmitting Signals in a wireleSS OFDM communication 
system with STTD according to claim 1. The transmitting 
device according to the present invention comprises encod 
ing means for encoding a data Stream on the basis of a STTD 
Scheme and outputting a first and a Second STTD encoded 
data Stream, a first and a Second antenna means for trans 
mitting the data of the first and the Second data Stream, 
respectively, in OFDM Signals, Said first and Said Second 
antenna means being arranged spaced apart from each other 
in a Space diversity arrangement, pilot Symbol generating 
means for generating pilot Symbols to be transmitted among 
Said data of Said first and Second data Stream, whereby first 
pilot Symbols are transmitted via the first antenna and 
Second pilot Symbols are transmitted via Said Second 
antenna, Some of Said Second pilot Symbols being orthogo 
nal to corresponding ones of Said first pilot symbols. 
0008. The above object is further achieved by a receiving 
device for receiving signals in a wireless OFDM commu 
nication system with STTD according to claim 8. The 
receiving device according to the present invention com 
prises a Single antenna means for receiving STTD encoded 
Signals transmitted from a first and a Second Space diversity 
antenna means of a transmitting device of the OFDM 
communication System, Said first and Said Second Space 
diversity antenna means transmitting corresponding pilot 
symbols in said STTD encoded signals, whereby at least a 
part of the pilot symbols transmitted from the second 
antenna means is orthogonal to corresponding pilot Symbols 
transmitted from the first antenna means, processing means 
for detecting pilot symbols in the received STTD encoded 
Signals, for processing detected pilot Symbols and perform 
ing a channel estimation on the basis of Said processing to 
separately determine the transmission quality of STTD 
encoded signals transmitted from Said first and Said Second 
antenna means, respectively. 
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0009 Further, the above object is achieved by a channel 
estimation method according to claim 13 for performing a 
channel estimation in a wireless OFDM communication 
System, in which a transmitting device comprising a first and 
a Second antenna transmits signals with STTD, Said first and 
Said Second antenna means being arranged spaced apart 
from each other in a Space diversity arrangement, whereby 
the channel estimation method comprises the Steps of trans 
mitting first and Second pilot Symbols via Said first and Said 
Second antenna means, respectively, Some of Said Second 
pilot Symbols being orthogonal to corresponding ones of 
Said first pilot Symbol, receiving Said pilot Symbols in a 
Single antenna of a receiving device, processing received 
pilot Symbols and performing a channel estimation on the 
basis of Said processing to Separately determine the trans 
mission quality of STTD encoded signals transmitted from 
Said first and Said Second antenna means, respectively. 
0.010 The proposed scheme of transmitting, receiving 
and processing first and Second pilot Symbols allows a 
Simple and effective channel estimation processing to be 
performed on the receiving Side So that a better coherent 
demodulation of the transmission channel can be performed 
to ensure the best transmission quality. Particularly, the 
present invention ensures full Space and time diversity. 
Further, no feedback information from the receiving side to 
the transmitting Side is required and an improved data 
transmission capacity can be realised. Further, the proposed 
System is robust to transmission antenna failures and guar 
antees power amplifier balance on the transmitting Side. 
0.011 Further advantageous features are claimed in the 
respective Subclaims. 
0012 Advantageously, the corresponding first and Sec 
ond pilot symbols transmitted from the first and the second 
antenna means of the transmitting device, respectively, have 
the same frequency and time allocation in the OFDM 
System. In other words, corresponding first and Second pilot 
Symbols are transmitted in the same Subcarrier and in the 
same time slot of the OFDM system. Hereby, the first and 
the Second pilot Symbols advantageously are alternatively 
identical and orthogonal to each other in the frequency as 
well as in the time dimension. This means that in the 
frequency and time grid of the OFDM system, identical first 
and Second pilot Symbols and orthogonal first and Second 
pilot Symbols alternate with each other in the frequency as 
well as in the time dimension. 

0013. It has to be clarified at this point that the single 
antenna of the receiving device receives the first pilot 
Symbols transmitted from the first antenna means and the 
Second pilot Symbols transmitted from the Second antenna 
means of the transmitting device only as a combined or 
Superimposed pilot Symbol. In case that the first pilot Symbol 
and the Second pilot Symbol transmitted in the Same fre 
quency Subcarrier and the same timepoint are identical, the 
receiving device receives a combined pilot Symbol compris 
ing the Superimposed identical first and Second pilot Symbol. 
In case that the first and Second pilot Symbol are orthogonal 
to each other, the receiving device receives a combined pilot 
Symbol comprising the Superimposed orthogonal first and 
Second pilot Symbol. In the receiving device, the transfer 
function of the first and the Second pilot Symbol, respec 
tively, can therefore be separated So that the respective 
channel estimation for each of the two transmission antennas 
can be performed in a simple way. 
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0014 Advantageously, the second pilot symbols alter 
nately have the identical and the inverse complex value of 
the corresponding first pilot Symbol in the time as well as in 
the frequency dimension, So that the processing and the 
channel estimation on the receiving Side can be performed 
on a basis of a simple addition and Subtraction calculation of 
the received pilot symbols. On the basis of the channel 
estimation result, both the STTD encoded signals from the 
first antenna means and from the Second antenna means of 
the transmitting device are further processed and used as the 
communication data in the receiving device. 
0015 The transmitting device according to the present 
invention can e.g. be implemented in the base Station of a 
OFDM communication system and the receiving device 
according to the present invention can e.g. be implemented 
in a mobile terminal of a OFDM communication system. 
0016. In the following description, the present invention 
is explained in more detail in relation to the enclosed 
drawings, in which 
0017 FIG. 1 shows schematically a base station com 
prising a transmitting device according to the present inven 
tion, 
0018 FIG. 2 shows schematically a mobile terminal 
comprising a receiving device according to the present 
invention, 
0019 FIGS. 3A and 3B a first and a second example, 
respectively, of a pilot Symbol pattern transmitted by a first 
antenna means of a transmitting device according to the 
present invention, and 
0020 FIGS. 4A and 4B a first and a second example, 
respectively, of a pilot Symbol pattern transmitted by the 
Second antenna means of the transmitting device according 
to the present invention. 
0021. In FIG. 1, the block diagram of a base station 1 of 
a wireless orthogonal frequency division multiplex (OFDM) 
communication System is shown, which comprises a trans 
mitting device according to the present invention. It is to be 
understood that in FIG. 1 only elements important for the 
understanding of the present invention are shown. Further 
elements, Such as coding means, modulation means, RF part 
and the like necessary for the operation of the base Station 
are omitted for the Sake of clarity. 
0022. The base station 1 comprises a first antenna 5 and 
a Second antenna 6 being arranged spaced apart from each 
other in a Space diversity arrangement. Therefore, the first 
antenna 5 may also be called a non-diversity antenna and the 
Second antenna 6 can also be called a diversity antenna. The 
Space diversity arrangement of the first antenna 5 and the 
Second antenna 6 is So that the two antennas 5 and 6 are 
Sufficiently Separated in Space, So that the Signals transmitted 
by the first antenna 5 and the Second antenna 6, respectively, 
are uncorrelated and an effective diversity gain can be 
achieved on the receiving Side. 
0023. Further, the base station 1 comprises a encoding 
means 3 for encoding a data Stream on the basis of a Space 
time transmit diversity (STTD) scheme and outputting a first 
and a second STTD encoded data stream to a multiplexer 4. 
The first STTD encoded data stream is to be transmitted via 
the first antenna 5 and the second STTD encoded data stream 
is to be transmitted via the Second antenna 6. Although the 
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data transmitted from the first antenna 5 and the second 
antenna 6 are generally the Same data, i.e. contain the data 
of the Single data Stream Supplied to the encoding means 3, 
the data are not transmitted identically by the two antennas 
5 and 6. For example, the data transmitted by the first 
antenna 5 identically correspond to the data arrangement of 
the Single data Stream Supplied to the encoding means 3. If, 
e.g. a first data Symbol S in a time period 0-T and a Second 
data Symbol S. in the Succeeding time period T-2T are 
Supplied to the encoding means 3, the first data Stream 
output by the encoding means can identically correspond to 
that arrangement (data symbol S. followed by data symbol 
S). The Second data stream output by the encoding means 
3, however, contains the data Symbols S and S in a different 
arrangement. For example, as shown in FIG. 1, in the 
Second data Stream, the data Symbol of the first time period 
0-T could be the negative complex conjugated value of the 
Second data block S of the first data Stream, i.e. -S. The 
next Succeeding data Symbol of the Second data Stream is the 
conjugated complex value of the first data Symbol S of the 
first data Stream, i.e. S. Thus, the Second data Stream 
contains the identical data content as the first data Stream, 
but in a different arrangement. A receiving device receiving 
the Signals from the first antenna 5 and the Second antenna 
6 as Superimposed signals is therefore able to clearly dis 
tinguish between the Signals transmitted from the first 
antenna 5 and the Signals transmitted from the Second 
antenna 6 due to the Space diversity arrangement and the 
different arrangement of the same data content. It is to be 
understood that the Space time transmit diversity Scheme 
shown in and explained in relation to FIG. 1 only serves as 
an example to explain the present invention. Any other 
STTD scheme for transmitting data via the first antenna 5 
and the Second antenna 6 can be applied. 
0024. The base station 1 further comprises a pilot symbol 
generating means 2 for generating pilot Symbols to be 
transmitted among the data of the first and the Second data 
Stream by the first antenna 5 and the Second antenna 6. 
Thereby, the pilot Symbol generating means 2 generates and 
Supplies different pilot Symbol patterns to be transmitted via 
the first antenna 5 and the Second antenna 6, respectively, to 
the multiplexer 4. The general idea of the present invention 
is that some of the pilot symbols transmitted by the first 
antenna 5 and the Second antenna 6 are orthogonal to each 
other so that the cross-interference from both antennas 5 and 
6 is eliminated, the signals from the first, (non-diversity) 
antenna 5 and the Second (diversity) antenna 6 can be 
differentiated and consequently a separate channel estima 
tion for each antenna 5, 6 can be achieved in a receiving 
device. 

0.025 FIG. 2 shows a schematic block diagram of a 
mobile terminal 10 comprising a receiving device for receiv 
ing Signals in a wireleSS OFDM communication System with 
STTD according to the present invention. Particularly, the 
mobile terminal 10 is adapted to receive signals from a base 
station 1 as shown in FIG. 1. 

0026. The mobile terminal 10 comprises a single antenna 
11 for receiving STTD encoded signals as well as pilot 
symbols transmitted from the first antenna 5 and the second 
antenna 6 of the base station 1. Further, the mobile terminal 
10 comprises a receiving means 12, which comprises e.g. the 
necessary RF part and the like. Further, the mobile terminal 
10 comprises a demodulation means for demodulating Sig 
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nals received by the receiving means 12 via the antenna 11. 
It is to be understood that the mobile terminal 10 further 
comprises all necessary elements to be operated in the 
corresponding wireless OFDM system. However, these ele 
ments are not shown for the Sake of clarity. 
0027. The mobile terminal 10 further comprises a pro 
cessing means 14 for detecting pilot Symbols in the Signals 
received by the receiving means 12 via the antenna 11. The 
processing means 14 processes detected pilot Symbols and 
performs a channel estimation on the basis of the processing 
to Separately determine the transmission quality of the 
received signals transmitted from the first antenna 5 and the 
Second antenna 6, respectively. In other words, by proceSS 
ing the received pilot Symbols, which are combined pilot 
Symbols comprising the first and the Second pilot Symbols 
simultaneously transmitted by the first antenna 5 and the 
Second antenna 6, the processing means 14 is able to 
Separately determine the transmission quality of the Signals 
transmitted from the first antenna 5 and the transmission 
quality of the Signals transmitted from the Second antenna 6. 
On the basis of this channel estimation result, both the STTD 
encoded signals from the first antenna 5 and from the Second 
antenna 6 are further processed and used as communication 
data in the mobile terminal 10. 

0028. As stated above, at least some of the second pilot 
Symbols transmitted from the Second antenna 6 are orthogo 
nal to corresponding first pilot Symbols transmitted by the 
antenna 5. The processing performed in the processing 
means 14 bases on this orthogonality of the first and the 
Second pilot symbols and enables the separate channel 
estimation for the first and the second antenna 5 and 6, 
respectively. In relation to FIGS. 3 and 4, a specific 
example for pilot symbol patterns to be transmitted by the 
base Station 1 and to be received and processed in the mobile 
terminal 10 are proposed. 
0029 FIG.3 comprises two FIGS. 3A and 3B. FIG.3A 
shows a first example of a pilot Symbol pattern to be 
transmitted by the first (non-diversity) antenna 5 of the base 
Station 1. The shown pilot Symbol pattern has a regular 
distribution in the time and the frequency dimension of the 
OFDM system. The pilot symbols 20, 21,..., 28 are always 
transmitted in the same frequency Subcarriers and in equi 
distant timepoints. For example, the pilot symbols 20, 21 
and 22 are transmitted in a first frequency Subcarrier, 
whereby respectively four data Symbols are transmitted 
between adjacent pilot symbols 20, 21 and 21, 22. Pilot 
patterns 23, 24 and 25 are transmitted in a Second frequency 
Subcarrier and the pilot symbol 26, 27 and 28 are transmitted 
in a third frequency Subcarrier. Thereby, the pilot symbols 
20, 23 and 26 are transmitted at the same first timepoint, the 
pilot symbols 21, 24 and 27 are transmitted in the same 
second timepoint and the pilot symbols 22, 25 and 28 are 
transmitted in the same third timepoint. Thus, always the 
Same frequency Subcarriers are used for the transmission of 
the pilot symbols and the transmission of the pilot symbols 
in the respective Subcarriers always takes place at equidis 
tant timepoints. Such a pilot Symbol pattern is known from 
prior art OFDM systems. On the receiving side, the channel 
estimation for the data Symbols between adjacent pilot 
Symbols (in frequency and time) is performed by e.g. linear 
interpolation. For example, for the data Symbols between the 
pilot Symbols 20 and 21 in the same frequency Subcarrier, a 
linear interpolation of the pilot symbols 20 and 21 is 
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performed on the receiving Side. For the data Symbols 
between the adjacent pilot symbols 20 and 23 received at the 
Same timepoint but in different frequency Subcarriers, a 
linear interpolation is also performed. For data Symbols in 
frequency Subcarriers, in which no pilot Symbols are trans 
mitted, a combination of a time and a frequency interpola 
tion of the respective adjacent pilot Symbols is performed. 

0030 FIG. 3B shows also a regular distribution of the 
first pilot symbols to be transmitted by the first antenna 5 of 
the base station 1. The difference to the pilot symbol pattern 
of FIG. 3A is here that the (in time) succeeding pilot 
Symbols are not transmitted in the same frequency Subcarrier 
as the preceding pilot Symbol, but in the immediately 
adjacent Subcarrier. For example, the pilot Symbol 31 is not 
transmitted in the same frequency Subcarrier as the preced 
ing pilot symbol 30, but the immediately adjacent (lower) 
frequency Subcarrier. This pilot Symbol pattern may allow a 
more accurate channel estimation for data Symbols of fre 
quency Subcarriers, in which no pilot Symbols are transmit 
ted. Identical to the pilot symbol pattern proposed in FIG. 
3A, the pilot symbols of the pilot symbol pattern proposed 
in FIG. 3B are also transmitted at identical timepoints. Thus, 
pilot symbols 30, 34 and 38 are transmitted at the first 
identical timepoint, pilot symbols 31, 35 and 39 are trans 
mitted at the same Second timepoint, pilot Symbols 32, 26 
and 40 are transmitted at the same third timepoint and pilot 
symbols 33, 37 and 41 are transmitted at the same fourth 
timepoint. 

0031 FIG. 4 comprises two FIGS. 4A and 4B, whereby 
FIG. 4A shows the pilot symbol pattern for the second pilot 
symbols to be transmitted by the second antenna 6 of the 
base Station 1, which corresponds to the pilot Symbol pattern 
of the first pilot symbols shown in FIG. 3A. As can be seen, 
also the pilot symbol pattern of FIG. 4A shows a very 
regular distribution of pilot symbols 42, 43, . . . , 53 in 
frequency and time. The Second pilot Symbols are always 
transmitted in the same frequency Subcarrier and at the same 
timepoint as the corresponding first pilot Symbol. For 
example, the Second pilot Symbol 42 is transmitted in the 
Same frequency Subcarrier and at the same timepoint as the 
corresponding first pilot symbol 20. The second pilot symbol 
43 is transmitted in the same frequency Subcarrier and at the 
same timepoint as the first pilot symbol 21. The second pilot 
symbol 46 corresponds to the first pilot symbol 23, the 
second pilot symbol 50 corresponds to the first pilot symbol 
26 and so on. Thereby, the second pilot symbols of the pilot 
symbol pattern in FIG. 4A are alternatingly identical and 
orthogonal to the corresponding first pilot Symbols of the 
pilot symbol pattern shown in FIG. 3A. The second pilot 
symbols 42, 44, 47, 50 and 52 are identical to their corre 
sponding first pilot symbols 20, 22, 24, 26 and 28. However, 
every other Second pilot symbol (in time and frequency 
dimension) is the inverse complex value of the correspond 
ing first pilot Symbol. For example, a Second pilot Symbol 43 
is the inverse complex value of the first pilot symbol 21, the 
second pilot symbol 46 is the inverse complex value of the 
first pilot symbol 23. The same is true for the second pilot 
symbol 48 and the first pilot symbol 25 and the second pilot 
symbol 51sand the first pilot symbol 27. Thus compares of 
adjacent Second pilot Symbols, as e.g. the Second pilot 
symbols 42 and 43 as well as the second pilot symbols 42 
and 46 are orthogonal to the corresponding pairs of the first 
pilot symbols, e.g. first pilot symbol 20 and 21 or first pilot 
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symbol 20 and 23. Thus, orthogonality in the frequency as 
well as in the time dimension is ensured. 

0032. The same is essentially true for the pilot symbol 
pattern shown in FIG. 4B, which corresponds to the pilot 
symbol pattern shown in FIG. 3B. Similarly, the pilot 
symbols of the pilot symbol pattern shown in FIG. 4B are 
alternatingly identical and orthogonal (inverse complex) to 
the corresponding first pilot symbols shown in FIG. 3B. 
0033. The pilot symbol scheme proposed by the present 
invention can be applied to any linear channel estimation 
algorithm in wireless OFDM communications. For the sake 
of clarity, a simple two pilot Symbol average based channel 
estimation algorithm for the pilot symbol patterns of FIG. 
3A and FIG. 4A is used as an example in the following 
further detailed description. 
0034 Assuming that the complex values of all first pilot 
Symbols 20, 21, ..., 28 and the corresponding Second pilot 
Symbols having the identical value, i.e. Second pilot Symbols 
42, 44, 47, 50, 52, . . . , is A. The complex value of the 
second pilot symbols 43, 46, 48, 51, . . . , having a 
corresponding orthogonal value is then-A. For all the data 
symbols between the Succeeding pilot symbols 20 and 21 or 
42 and 43, respective channel estimation values for the first 
(non-diversity) antenna 5 and the Second (diversity) antenna 
6 should be obtained reliably so that the STTD scheme can 
be applied. 

0035. As stated above, the antenna 11 and the receiving 
means 12 of the mobile terminal 10 receive the first and the 
Second pilot Symbols as Superimposed or combined pilot 
Symbols. Thus, lety and y be the received values from the 
first 20, 21 and the second 42, 43 pilot symbols. Since the 
time delay between the first and the second antenna 5, 6 is 
negligible, the following equations are valid: 

0037 whereby h is the channel transfer function from 
the first antenna 5 to the receiving antenna 11 for the first 
pilot symbol 20 with value “A”, hi? is the channel transfer 
function from the Second antenna 6 to the receiving antenna 
11 for the corresponding second pilot symbol 42 with value 
“A”, h" is the channel transfer function from the first 
antenna 5 to the receiving antenna 11 for the first pilot 
symbol 21 with value “A”, and h is the channel transfer 
function from the Second antenna 6 to the receiving antenna 
11 for the corresponding second pilot symbol 43 with value 
“-A’. n and n are the noise values. If y+y is used as the 
channel estimation for the first (non-diversity) antenna 5 and 
y-ye is used as the channel estimation for the Second 
(diversity) antenna 6, the Signals from the first and the 
Second antenna can be differentiated, the croSS-interference 
can be eliminated and a reliable channel estimation for both 
antennas 5 and 6 can be obtained in the processing means 14 
of the mobile terminal 10, if the channel transfer function is 
assumed to be kept fixed within the interval between the 
preceding and the Succeeding pilot Symbols acroSS the time 
dimension, i.e. h =ha' and h =h. 
0038. Thus, in the mobile terminal 10 the signals from the 

first and the Second transmitting antenna 5, 6 can be differ 
entiated and consequently a separate channel estimation for 
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each antenna 5, 6 can be achieved. Since the pilot patterns 
of the first and the Second pilot Symbols are orthogonal, the 
croSS-interference from the first and the Second antenna 5 
and 6, can be eliminated. Thus, a STTD Scheme can be used 
in a high data rate OFDM wireless communication system. 
It is to be noted, that the idea of the present invention can 
also be applied to OFDM based broadband radio access 
networks (BRAN), like HIPERLAN Type 2 
0.039 systems. In this case, the pilot symbols are trans 
mitted in preamble parts of a respective data burst compris 
ing a preamble part and a data part. The pilot Symbols 
comprised in the respective preambles should be alterna 
tively identical and orthogonal for the two transmitting 
antennaS. 

1. Transmitting device for transmitting Signals in a wire 
less orthogonal frequency division multiplex (OFDM) com 
munication System with Space time transmit diversity 
(STTD), comprising 

encoding means (2) for encoding a data stream on the 
basis of a STTD scheme and outputting a first and a 
Second STTD encoded data stream, 

a first (5) and a second (6) antenna means for transmitting 
the data of Said first and Said Second data Stream, 
respectively, in OFDM signals, said first (5) and said 
Second (6) antenna means being arranged spaced apart 
from each other in a Space diversity arrangement, 

pilot Symbol generating means (2) for generating pilot 
symbols to be transmitted among said data of said first 
and Second data Stream, whereby first pilot Symbols are 
transmitted via said first antenna (5) and Second pilot 
Symbols are transmitted via said Second antenna (6), 
Some of Said Second pilot Symbols being orthogonal to 
corresponding ones of Said first pilot Symbols. 

2. Transmitting device according to claim 1, characterized 
In, 

that corresponding first (20; 21) and second (42; 43) pilot 
Symbols have the Same frequency and time allocation 
in the OFDM system. 

3. Transmitting device according to claim 2, characterized 
In, 

that corresponding first and Second pilot Symbols having 
the same frequency and time allocation are alterna 
tively identical (20;42) and orthogonal (21; 43) to each 
other in the frequency as well as in the time dimension. 

4. Transmitting device according to claim 1, 2 or 3, 
characterized in, 

that pairs of first (20; 21) pilot symbols being adjacent in 
the time dimension are respectively orthogonal to the 
corresponding pairs (42, 43) of Second pilot Symbols. 

5. Transmitting device according to one of the claims 1 to 
5, characterized in, 

that pairs (20; 23) of first pilot symbols being adjacent in 
the frequency dimension are respectively orthogonal to 
the corresponding pairs (40, 46) of Second pilot Sym 
bols. 

6. Transmitting device according to one of the claims 1 to 
5, characterized in, 

that the first and the Second pilot Symbols have a regular 
distribution in the time and the frequency dimension, 
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whereby the second pilot symbols alternately have the 
identical and the inverse complex value of the corre 
sponding first pilot Symbol in the time as well as in the 
frequency dimension. 

7. Base station (1) of a wireless orthogonal frequency 
division multiplex (OFDM) communication system, com 
prising a transmitting device according to one of the claims 
1 to 6. 

8. Receiving device for receiving Signals in a wireleSS 
orthogonal frequency division multiplex (OFDM) commu 
nication system with space time transmit diversity (STTD), 
comprising 

a single antenna means (11) for receiving STTD encoded 
Signals transmitted from a first (5) and a second (6) 
Space diversity antenna means of a transmitting device 
of the OFDM communication system, said first (5) and 
Said second (6) Space diversity antenna means trans 
mitting corresponding pilot symbols in said STTD 
encoded Signals, whereby at least a part of the pilot 
Symbols transmitted from the Second antenna means (6) 
is Orthogonal to corresponding pilot Symbols transmit 
ted from the first antenna means (5), processing means 
(24) for detecting pilot symbols in the received STTD 
encoded signals, for processing detected pilot Symbols 
and performing a channel estimation on the basis of 
Said processing to Separately determine the transmis 
sion quality of STTD encoded signals transmitted from 
Said first (5) and said Second (6) antenna means, 
respectively. 

9. Receiving device according to claim 8, characterized 
in, 

that said first (20: 21) and second (42; 43) pilot symbols 
transmitted from Said first and Second antenna means 
have the same frequency and time allocation in the 
OFDM system and are alternatively identical (20; 42) 
and orthogonal (21; 43) to each other in the frequency 
as well as in the time dimension, whereby adjacent 
pairs of pilot Symbols are processed to determine the 
transmission quality. 

10. Receiving device according to claim 8 or 9, charac 
terized in, 

that the second pilot symbols alternately have the identi 
cal and the inverse complex value of the corresponding 
first pilot Symbol in the time as well as in the frequency 
dimension So that the processing and the channel 
estimation is performed on the basis of an addition and 
a Subtraction calculation of received pilot Symbols. 

11. Receiving device according to claim 10, characterized 
in, 

that, on the basis of the channel estimation result, either 
the STTD encoded signals from the first antenna means 
(5) or from the second antenna means (6) are further 
processed. 

12. Mobile terminal of a wireless orthogonal frequency 
division multiplex (OFDM) communication system, com 
prising a receiving device according to one of the claims 8 
to 11, 

13. Channel estimation method for performing a channel 
estimation in a wireleSS Orthogonal frequency division mul 
tiplex (OFDM) communication system in which a transmit 
ting device comprising a first and a Second antenna transmits 
signals with space time transmit diversity (STTD), said first 
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and Said Second antenna means being arranged Spaced apart 
from each other in a Space diversity arrangement, compris 
ing the Steps of 

transmitting first and Second pilot Symbols via Said first 
and Said Second antenna means, respectively, Some of 
Said Second pilot Symbols being orthogonal to corre 
sponding ones of Said first pilot Symbols, 

receiving Said pilot Symbols in a single antenna of a 
receiving device, 

processing received pilot Symbols and performing a chan 
nel estimation on the basis of Said processing to Sepa 
rately determine the transmission quality of STTD 
encoded Signals transmitted from Said first and Said 
Second antenna means, respectively. 

14. Channel estimation method according to claim 13, 
characterized in, 

that said first and Second pilot Symbols transmitted from 
Said first and Second antenna means have the same 
frequency and time allocation in the OFDM system and 
are alternatively identical and orthogonal to each other 
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in the frequency as well as in the time dimension, 
whereby adjacent pairs of pilot Symbols are processed 
to determine the transmission quality. 

15. Channel estimation method according to claim 13 or 
14, characterized in, 

that the second pilot symbols alternately have the identi 
cal and the inverse complex value of the corresponding 
first pilot Symbol in the time as well as in the frequency 
dimension So that the processing and the channel 
estimation is performed on the basis of an addition and 
a Subtraction calculation of received pairs of pilot 
symbols. 

16. Channel estimation method according to claim 13, 14 
or 15, characterized in, 

that, on the basis of the channel estimation result, either 
the STTD encoded signals from the first antenna means 
or from the Second antenna means are further processed 
in the receiving device. 

Petitioner Samsung Ex-1007, 0009




