
US 20060109932A1 

(12) Patent Application Publication (10) Pub. No.: US 2006/0109932 A1 
(19) United States 

Bohnke et al. (43) Pub. Date: May 25, 2006 

(54) OFDM PRE-EQUALIZING 

(75) Inventors: Ralf Bohnke, Esslingen (DE); Seiichi 
Izumi, Fellbach (DE) 

Correspondence Address: 
OBLON, SPIVAK, MCCLELLAND, MAIER & 
NEUSTADT, RC. 
1940 DUKE STREET 
ALEXANDRIA, VA 22314 (US) 

(73) Assignee: SONY INTERNATIONAL (EUROPE) 
GMBH, Berlin (DE) 

(21) Appl. No.: 11/320,684 

(22) Filed: Dec. 30, 2005 

Related US. Application Data 

(62) Division of application No. 09/988,417, ?led on Nov. 
16, 2001. 

(30) Foreign Application Priority Data 

Nov. 20, 2000 (EP) ................................... .. 00 125 436.6 

Publication Classi?cation 

(51) Int. Cl. 
H04L 27/04 (2006.01) 

(52) US. Cl. ............................................................ ..375/299 

(57) ABSTRACT 

For example in case of an OFDM multicarrier transmission 
system the transmission characteristics of subcarriers of a 
multicarrier transmission system using a plurality of antenna 
elements (3, 3') can be adjusted. Particularly the poWer and 
the phase of the subcarriers can be adapted. To this object the 
subcarrier frequency channel (2, 2') characteristics of the 
multicarrier transmission are detected (11, 11') at the side of 
the transmitter (3). The poWer of each subcarrier is then 
distributed by a Weighting unit (14, 14'). The subcarriers can 
be further pre-equaliZed (1, 1') by dividing the subcarrier 
signal respectively by the sum of the squared magnitude of 
the frequency channel characteristics of all subcarrier sig 
nals or a frequency characteristic of the selected antenna 
element (3, 3'). 
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OFDM PRE-EQUALIZING 

[0001] The present invention relates to a method for 
adjusting the transmission characteristics of subcarriers of a 
multicarrier transmission system using a plurality of antenna 
elements, to a computer software program product for 
implementing such a method When run on a computing 
device of a transmitting device, a transmission diversity 
device as Well as to a base station comprising such a 
transmission diversity device. 

[0002] To reduce interference from other transmitters, the 
transmission poWer should be as small as possible in any 
Wireless transmission system. The background of the present 
invention is the reduction of transmission poWer in multi 
carrier systems and particularly the reduction of transmis 
sion poWer of OFDM Wireless (LAN) systems. According to 
these systems a plurality of antenna elements share the 
transmission poWer. The transmission poWer of each sub 
carrier of the multicarrier transmission system can be 
adjusted such that the receiver can get a ?at spectrum. In 
case sub-carriers are fading at all the antenna elements, these 
subcarriers should be transmitted With less poWer. 

[0003] From EP 0 932 285 A2 a technique for the reduc 
tion of instantaneous maximum poWer in multicarrier sig 
nals is knoWn. According to this technique from a serial-to 
parallel converting part, complex information subcarrier 
signals based on an information bit sequence are outputted 
to a fast inverse Fourier transforming part. The fast inverse 
Fourier transforming part gives fast inverse Fourier trans 
formation to inputted sub-carrier signals to obtain a complex 
baseband time Waveform of OFDM symbols. A complex 
redundant subcarrier signal generating part generates com 
plex redundant sub-carrier signals to reduce amplitude of a 
complex baseband time Waveform of OFDM symbols, and 
makes them undergo fast inverse Fourier transformation 
together With complex information subcarrier signals. With 
these processes, the amplitude of a complex baseband time 
Waveform of OFDM symbols is reduced and instantaneous 
maximum poWer is also reduced. 

[0004] From WO 97/26743 a multicarrier communication 
system and method for peak poWer control is knoWn. 
According to this technique a communication device for 
simultaneously transmitting information on multiple sub 
channels encodes information for each of the multiple 
sub-channels With a coding scheme to produce channel 
encoded information. A mask vector derived from a redun 
dancy in the coding scheme encodes the channel encoded 
information to transform the channel encoded information 
into codeWords having pairWise Euclidean distance proper 
ties identical to those of the channel encoded information. 
Modulation of the sub-channels in accordance With the 
codeWords in a modulators then produces a composite signal 
envelope having a peak-to-mean envelope poWer ratio 
reduced relative to a poWer ratio for correspondingly modu 
lated channel encoded information. 

[0005] From EP-O 881 782 A2 a single carrier maximum 
ration synthetic transmission diversity device as shoWn in 
FIG. 8 is knoWn. According to this knoWn transmission 
diversity device antenna elements are arranged at intervals 
greater than M2. A signal received by an antenna element is 
sent by Way of an antenna multiplexer to a receiver, Where 
the signal is demodulated. The thus-demodulated signal is 
sent to a phase- and poWer detection section, Where a phase 
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and poWer of the signal are detected. On the basis of the 
result of such detection, a control section calculated the 
phase and poWer of a transmission signal. On the basis of the 
result of the calculation, a transmission signal generation 
circuit transmits a transmission signal to each of the antenna 
elements by Way of the antenna multiplexer. 

[0006] Note that the technique of EP 0 881 782 A2 
claiming the calculation of the phase of a signal of each 
antenna cannot be applied to the multicarrier case, but only 
to a single carrier case, as it is impossible to measure phases 
of received signals if there are more than tWo carriers. 

[0007] In single carrier applications the phase of the signal 
changes frequently as the symbols are transmitted serially. 
Therefore it is di?icult to compare phases between different 
antennas, as the phase is not varying uniformly. Therefore in 
singles carrier applications a phase comparison is preferably 
done using pilot symbols Which phases are varying uni 
formly or Which are knoWn. 

[0008] From Us. Pat. No. 5,973,642 adaptive antenna 
arrays for orthogonal frequency division multiplexing sys 
tems (OFDM systems) With co-channel interference is 
knoWn. According to this knoWn technique parameters for 
adaptive antenna arrays in OFDM systems With co-channel 
interference are estimated. The channel parameter estima 
tion is performed using a tWo pass process that advanta 
geously expands the temporal scope and considers past, 
present and future temporal channel estimations during 
parameter estimation. Channel parameters are estimated by 
processing the signals through fast Fourier transforms, tem 
poral ?lters and inverse fast Fourier transforms. The tem 
poral ?lters optimiZe parameters estimation based upon 
instantaneous correlation of the received signals. This all 
takes place on the receiver’s side of the OFDM system. 

[0009] The technique of transmission antenna selection of 
OFDM subcarrier using poWer measurement of received 
subcarriers in a TDD system is knoWn of the Japanese patent 
11(1 999)-205205 of NTT Docomo. 

[0010] High speed radio systems use a very Wide radio 
bandWidth. Therefore, the channel characteristics cannot be 
?at for all subcarriers over the Wide radio band even in short 
delay environment. Therefore, usually it is not possible to 
use a complicated modulation scheme such as 16 or 64 

QAM for all subcarriers. On the other hand, any radio 
communication system suffers from interference from other 
communication transmitters. 

[0011] Principally a subcarrier Which is in fading can be 
transmitted With stronger poWer. This solves the bit error 
problems, but causes interference With other receivers and 
therefore reduces the total capacity of the system. 

[0012] In vieW of the above-captioned prior art and prob 
lems it is the object of the present invention to propose a 
technique Which is particularly adapted for loWering the 
transmission poWer in a multicarrier system such as the 
OFDM system Without decreasing the overall bit rate. 

[0013] This object is achieved by means of the features of 
the independent claims. The dependent claims develop fur 
ther the central idea of the present invention. 

[0014] According to a ?rst aspect of the present invention 
therefore a method for adjusting the transmission character 
istics of subcarriers of a multicarrier transmission system 
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using a plurality of antenna elements is proposed. On the 
transmitting side the subcarrier frequency channel charac 
teristics of the multicarrier transmission is detected. Then 
the power of each subcarrier is distributed to the antenna 
elements by multiplying (Weighting) it (by) the complex 
conjugate of the corresponding subcarrier frequency channel 
or [0, 1] value according to the decision Which antenna is 
selected for the corresponding subcarrier to make the com 
munication more ef?cient. Therefore depending on the 
detected frequency channel characteristics at each antenna 
element for each subcarrier signal the antenna element 
having the best channel characteristics for said subcarrier 
signal can be used for transmission. 

[0015] The poWer of the subcarriers can furthermore be 
pre-equaliZed on the transmitter side by dividing the sub 
carrier signals respectively by the sum of the squared 
magnitude of the frequency channel characteristics of all 
antenna elements or by the magnitude of the frequency 
channel characteristics of the selected antenna. 

[0016] Along With the pre-equaliZing furthermore the 
phase of the subcarrier signals can be respectively compen 
sated for at the transmission side according to the detected 
frequency channel characteristics. 

[0017] Alternatively or additionally, the phase can be 
compensated for at the receiving side. 

[0018] The pre-equaliZation of the poWer of the subcarrier 
signal can be limited to an upper threshold value. 

[0019] In case along With the pre-equaliZation the upper 
threshold is reached for a subcarrier signal, the transmission 
poWer of the corresponding subcarrier signal is ?xed at the 
upper threshold value. Instead of further raising the trans 
mission poWer the modulation scheme for said subcarrier is 
adapted. 
[0020] The adaptation of the modulation scheme of a 
subcarrier signal can be signaled to the receiving side. 

[0021] To adapt the modulation scheme of a subcarrier 
signal, the modulation scheme can be simpli?ed or the 
subcarrier signal can even not be modulated at all. 

[0022] In case in a modulation scheme a subcarrier signal 
is adapted such that the bit rate of the subcarrier signal is 
reduced, the modulation scheme of at least one other sub 
carrier signal can be changed to a more complex modulation 
scheme. 

[0023] The detection of the frequency channel character 
istics can be performed on the basis of received pilot 
symbols. 

[0024] According to a further aspect of the present inven 
tion a computer softWare program product implementing a 
method as set forth above When run on a computing device 
of a transmitter is proposed. 

[0025] According to a still further aspect of the present 
invention a transmission diversity device adapt for adjusting 
the transmission characteristics of subcarriers of a multi 
carrier transmission system and having a plurality of antenna 
elements is proposed. The transmission diversity device 
comprises means for detecting the frequency subcarrier 
channel characteristics of the multicarrier transmission. Fur 
thermore, it comprises a means for distributing the poWer of 
each subcarrier is distributed to the antenna elements by 
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multiplying (Weighting) it (by) the complex conjugate of the 
corresponding subcarrier frequency channel or [0, 1] value 
according to the decision Which antenna is selected for the 
corresponding subcarrier. 

[0026] The equaliZer can be furthermore adapted to divide 
the sub-carrier signals respectively by the sum of the 
squared magnitude of the frequency channel characteristics 
of all antenna elements or by the magnitude of the frequency 
channel characteristics of the selected antenna. 

[0027] The device can furthermore comprise a pre-equal 
iZer With a phase compensation function for adjusting the 
phase of the subcarriers respectively according to the 
detected frequency channel characteristics. 

[0028] The pre-equaliZer can limit the poWer of the sub 
carrier to an upper threshold. The device can be a base 
station of a Wireless transmission system, such as the OFDM 
system. 

[0029] Further features, objects and advantages of the 
present invention Will become evident for the man skilled in 
the art When reading the folloWing detailed description of 
embodiments of the present invention taken in conjunction 
With the ?gures of the enclosed draWings. 

[0030] FIG. 1 shoWs a pre-equaliZation technique using 
one antenna, 

[0031] FIG. 2 shoWs an antenna selection technique With 
out equalizing, 

[0032] FIG. 3 shoWs the maximum ratio combining 
(MRC) technique in the case of tWo antennas, 

[0033] FIG. 4 shoWs an antenna selection technique 
together With a pre-equaliZing applied to the case of tWo 
antennas on the transmitting side, 

[0034] FIG. 5 shoWs the maximum ratio combining tech 
nique With pre-equaliZing applied to the case of tWo anten 
nas, and 

[0035] FIG. 6 shoWs an example to explained the function 
of a MRC pre-equaliZer With tWo antennas. 

[0036] For the sake of clarity at ?rst some technical terms 
Will be shortly explained: “TX diversity” designates the 
distribution of the poWer of a transmission signal on a 
plurality of antenna elements. The distribution of the poWer 
can be achieved f.e. by means of an antenna selection or a 

MRC (Maximum ratio combining) technique. According to 
the antenna selection technique, the entire poWer of the 
transmission signal is supplied to one antenna element, 
Whereas according to the MRC technique the poWer is 
distributed according to the channel response, Wherein both 
the amplitude and/or the phase of the channel response 
vector can be taken into account. 

[0037] FolloWing the TX diversity block, according to the 
invention a “pre-equaliZer” can be provided at the transmit 
ter side. The pre-equaliZer can modify subcarriers of a 
multicarrier transmission system such that they arrive 
equally (in amplitude and/or phase) at the receiving side. 

[0038] Finally on the receiving side an equaliZer can be 
provided to equaliZe all received subcarriers in amplitude 
and/or phase (but of course not the modulation constella 
tion). 
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[0039] With reference to FIG. 1 at ?rst the pre-equaliZing 
technique for one antenna Will be explained. An OFDM 
symbol vector 

is transmitted by means of an antenna 3 of a transmitter 5 
over a Wireless channel 2 to an antenna 4 of a receiver 6. The 

channel response of the channel 2 can be represented as a 
vector HO, Wherein each vector element is associated With 
one frequency subcarrier channel: 

[0040] In the shoWn pre-equaliZation technique, the chan 
nel response vector HO representing the channel character 
istics for both amplitude (fading) and phase (phase shift) can 
be detected 11 in a pilot phase by means of a evaluation of 
the transmitted symbol xHO (Without pre-equaliZation). The 
channel response vector H0 is used in a pre-equaliZer 1 such 
that a pre-equaliZed symbol vector x/HO is actually trans 
mitted and the original OFDM symbol vector x is thus 
received at the antenna 4 of the receiver 6. As shoWn the 
pre-equaliZation is effected based on the knowledge of the 
channel response vector H0. 

[0041] FIG. 2 shoWs an antenna selection technique in the 
case of an application to tWo antenna elements 3, 3'. The 
OFDM symbol vector x is at ?rst supplied to each of the 
antennas 3, 3' to be transmitted over tWo different channels 

H0, H1 (references 2, 2'). 

[0042] The channel response vectors H0, H1 of the tWo 
channels 2, 2' are respectively detected 11, 11' for example 
by means of an evaluation of pilot symbols transmitted from 
the receiver 6 to the transmitter 5 and the squared magnitude 
of the channel response vectors ]HO]2 and [HA2 is respectively 
calculated. Depending on the calculated squared magnitude 
of the channel response vector HO and H1 a decision/ 
selection unit 7 decides and selects the best suited antenna 
element 3 or 3' for each subcarrier. To achieve this object the 
decision/selection unit 7 outputs for example bit strings 13 
and 13', respectively, Which are then multiplied in multiply 
ing units 8, 8' With the input OFDM symbol vector x. 
According to this technique the best suited antenna element 
for each subcarrier can be chosen, i.e. the antenna element 
With the best channel response (inverse of the squared 
magnitude of the channel response vector) of each subcarrier 
is chosen. 

[0043] FIG. 3 shoWs a maximum ratio combining (MRC) 
technique applied on a tWo antenna transmission system. As 
shoWn in FIG. 3 again a channel response vector HO and H, 
is detected 11, 11' and the complex conjugate 17, 17' of the 
channel response HO* and H1*, respectively is multiplied by 
a Weigthing unit 14, 14' With the OFDM symbol vector x to 
be transmitted. This Weighting unit 14, 14' for each antenna 
element 3, 3' provides for a TX antenna distribution by 
applying an appropriate Weight. The poWer of the subcarrier 
channels is therefore distributed to each antenna element 
proportionally to each channel response. The phase of the 
signal can also be adjusted at TX antenna elements 3, 3', so 
that the phase at all distributed signals from different antenna 
elements 3, 3' can meet equally the receiving antenna 4. 

[0044] According to the present invention an antenna 
diversity and an pre-equaliZing step can be additionally used 
at the transmitter. The transmitter antenna diversity tech 
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nique includes the above explained TX antenna selection 
technique and maximum ratio combining (MRC) method. 

[0045] With reference to FIG. 4 to 6 noW the normalizing 
of the transmission poWer of each subcarrier Will be 
explained. 
[0046] FIG. 4 shoWs an antenna selection technique com 
bined With the pre-equaliZing and applied to a tWo antenna 
system. 

[0047] As the sub-units of the transmitter 5 shoWn in FIG. 
4 have already been explained With reference to FIGS. 1, 2 
and 3, the same reference signs are used in FIG. 4 and 
reference is made to the cited ?gures. As shoWn in FIG. 4, 
after the selection of a transmission antenna element 3, 3', 
each subcarrier channel is divided in a division (pre-equal 
iZing) unit 1, 1' by the channel response vector HO of the 
selected channel. 

[0048] The subcarrier channel can alternatively be divided 
by the magnitude of the selected channel (see reference 16, 
16' in FIG. 4). In this case only the poWer pro?le of the 
channel is compensated for. If only the poWer pro?le, but not 
the phase of the channel is compensated, the phase of the 
channel can be compensated at the receiver side 6. 

[0049] FIG. 5 shoWs a further embodiment of the present 
invention according to Which the maximum ratio combining 
(MRC) technique is combined With a pre-equaliZing and 
applied to a tWo antenna 3, 3' system. In addition to the 
system shoWn in FIG. 3 each channel is pre-equaliZed 10, 
10'. As shoWn in FIG. 5 the squared magnitude of each of 
the channel response vectors HO and H1 of each subcarrier 
channel is calculated 13, 13'. An adding unit 12 then adds up 
the calculated squared magnitude of all channel response 
vectors and supplies the result to further pre-equaliZing units 
10, 10'. 

[0050] Respectively one further pre-equaliZing unit 10, 10' 
is provided for each channel 2, 2' dividing the pre-equaliZed 
sub-carrier channel xHO* and xHl *, respectively, by the sum 
of the squared magnitudes of the channel response vectors 
H0 and H1. 
[0051] As the Weighting units 14, 14' use the complex 
conjugate of the channel response vector HO and H1, accord 
ing to the embodiment of FIG. 5 both the amplitude (fading) 
and the phase (phase shift) of the respective channel is 
compensated for. Therefore, after the distribution to all 
antenna elements 3, 3', the distributed subcarrier signal can 
be pre-equaliZed 10, 10'. 

[0052] A relatively high transmission poWer Which may 
cause interference can be required in some subcarrier chan 
nels. These subcarrier channels are those Which present a 
fading dip With all antenna elements 3, 3'. Using a plurality 
of antenna elements 3, 3', the number of subcarrier channels 
Which require a high transmission poWer can be dramatically 
reduced compared to a single antenna case. 

[0053] As a measure to further decrease the interference 
problem, the transmission poWer can be limited by the 
equaliZers 1, 1' at a certain upper threshold value. In case the 
equaliZation step results in a transmission poWer judging 
said threshold value, the transmission poWer is no longer 
increased but the modulation scheme is changed to a simple 
one in the corresponding subcarrier channels. Therefore, the 
pre-equaliZation is only done until the predetermined poWer 
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threshold value is reached. At this predetermined power 
threshold level value the transmission poWer is limited to 
prevent interference to increase. Instead of further increas 
ing the transmission poWer of the sub-carrier channel, a 
simpler modulation scheme is used to those subcarrier 
channels or these subcarrier channles are not modulated at 
all to prevent bit errors to be generated. The use of a simpler 
modulation scheme for some of the subcarrier channels 
results in a reduced bit rate Which can be compensated for 
by changing the modulation scheme in other sub-carriers 
(Which are in better condition) to a more complicated one. 
This modulation scheme shift (adaptation) can be cited for 
example at the transmitter (base station) side and then 
signaled to the other side (for example mobile station). 

[0054] The channel responses can particularly be esti 
mated from received pilot symbols. 

[0055] The main advantage of the present invention is that 
the error rate can be reduced for example by means of the 
pre-equaliZation. At the same time the transmission poWer 
can be reduced by a combination of pre-equaliZation or 
antenna selection or MRC technique. By means of an 
adaptive modulation technique the transmission poWer can 
be further limited. Therefore, the capacity of a network can 
be increased all by keeping the quality of each communi 
cation constant. 

1-20. (canceled) 
21. A method for transmitting OFDM signals by using a 

plurality of antenna elements in a Wireless transmission 
system using a plurality of subcarriers for transmitting the 
OFDM signals, the method comprising the steps of: 

detecting subcarrier frequency channel characteristics for 
each of the plurality of subcarriers, 

changing a modulation scheme of said OFDM signals in 
the corresponding subcarrier channels in accordance 
With the detected characteristics of the corresponding 
subcarrier frequency channel or all subcarrier fre 
quency channels, and 

transmitting the OFDM signals by using the changed 
modulation scheme. 

22. A transmission device con?gured to transmit OFDM 
signals by using a plurality of antenna elements in a multi 
carrier transmission system using a plurality of subcarriers 
for transmitting said OFDM signals, the transmission device 
comprising: 
means for detecting the frequency subcarrier channel 

characteristics for each of the plurality of subcarriers, 

May 25, 2006 

means for changing a modulation scheme of said OFDM 
signals in the corresponding subcarrier channels in 
accordance With the detected characteristics of the 
corresponding subcarrier channel, and 

means for transmitting the OFDM signals by using the 
changed modulation scheme via the plurality of 
antenna elements. 

23. Method for transmitting OFDM transmit signals using 
a plurality of subcarriers through a plurality of antenna 
elements in an OFDM multicarrier transmission system, the 
method comprising the steps of: 

detecting channel response vectors corresponding to said 
plurality of antenna elements, Wherein each of said 
channel response vectors has subcarrier related ele 
ments corresponding to said plurality of subcarriers, 
and 

changing modulation scheme of said OFDM signals in the 
corresponding subcarrier channels in accordance With 
said detected channel response vectors. 

24. Method for transmitting OFDM signals to be trans 
mitted by using a plurality of OFDM subcarriers in an 
OFDM transmission system, the method comprising the 
steps of: 

generating said OFDM signals to be transmitted by using 
a plurality of antenna elements; 

obtaining vector elements indicating channel transmission 
characteristics of said plurality of OFDM subcarriers at 
each of said plurality of antenna elements, Wherein 
each of said vector elements is associated With one of 
said plurality of OFDM subcarrers, and 

changing modulation scheme of said OFDM signals in the 
corresponding subcarrier channels in accordance With 
said detected channel response vectors. 

25. Method for transmitting OFDM signals to be trans 
mitted by using a plurality of OFDM subcarriers in an 
OFDM transmission system, the method comprising the 
steps of: 

generating said OFDM signals to be transmitted by using 
a plurality of antenna elements; 

changing a modulation scheme of said OFDM signals in 
the corresponding subcarrier channels on the bases of 
channel response vectors indicating subcarrier fre 
quency characteristics of said plurality of OFDM sub 
carriers at each of said plurality of antenna elements. 

* * * * * 


