
1 ANALOG SPACE-TIME RELAY METHOD AND APPARATUS FOR A WIRELESS
COMMUNICATION RELAY CHANNEL CROSS-REFERENCE TO RELATED APPLICATIONS  5 The
present application is one of two patent applications claiming priority from US provisional patent
application no 61/089,617. The present patent application relates generally to space-time coding,
whereas the other patent application relates particularly to the usage of cyclic prefixes. The techniques
described in the respective two patent 10 applications are independent since either can be used
without the other, although it is equally possible to construct systems which combine techniques from
the respective two patent applications. FIELD AND BACKGROUND OF THE INVENTION 15 This
invention relates to an analog space-time relay method and apparatus for a wireless communication
channel. Wireless relays have shown potential for extending communication range and providing 20
good quality of experience. In general, there are two broad relay schemes which can be categorized
based on the processing done at the relay stations: digital domain processing and analog domain
processing, The "decod.e and fonvard" (DNF) scheme is a digital domain processing scheme that has
been shown to remove noise at the relay station, although it demands intensive signal processing at
the relay nodes. The DNF scheme  WO 2010/021597PCT/SG2009/009285 2 has also been classified
as a "regenerative" relaying scheme where the signal has to be "regenerated" for transmission. The
signal received at the relay station from the source is decoded and where errors are present in the
decoded signal, these errors will be propagated from the relay station to the destination. 5 In relation to
analog signal processing schemes, the "amplify and forward" (ANF) is an analog scheme that is very
simple, but has shown a disadvantage where noise collected at the relay is amplified and transmitted
to the destination along with the desired signal. 10 Another way of performing relaying would be to use
a distributed space-time coded (DSTC) scheme where higher diversity may be achieved than that of
simple ANF and DNF. DSTC can be implemented using either ANF or DNF schemes. DSTC however
suffers from the same disadvantages as that of ANF or DNF i.e. when implemented using ANF, noise
collected at the relay is amplified and transmitted on to the destination, 



15and when implemented using DNF, decoding errors at the relay station are propagated from the
relay station to the destination.   It is an object of the present invention to provide an analog
space-time relay method and apparatus which addresses at least one of the problems of the prior art
and/or to provide 20the public with a useful choice,  WO 2010/021597PCT/SG2009/000285 3
SUMMARY OF THE INVENTION In a specific expression of the invention, there is provided an analog
space-time relay method for a wireless communication relay channel, the wireless communication
relay 5channel including first and second relay antennas arranged to relay an information signal
transmitted from a source station to a destination station, the method comprising the steps of (i)
receiving a first symbol sequence at the first relay antenna, the first symbol sequence comprising the
information signal and a first noise element, 10(ii) receiving a second symbol sequence at the second
relay antenna, the second symbol sequence comprising the information signal and a second noise
element; (fii) transmitting a first signal by the first relay antenna, the first signal being associated with
the second symbol sequence received at the second relay antenna;      (iv) transmitting a second
signal by the second relay antenna, the second signal being 15associated with the first symbol
sequence received at the first relay antenna. In one variation, preferably, the second symbol sequence
includes a complex conjugate of the information symbol, and the method fin-ther comprises the step of
negating the complex conjugate of the information symbol for deriving the first signal. The method 20
may further. comprise the step of combining the negated complex conjugate of the information signal
and the first symbol sequence for deriving the first signal. The method may further comprise the step
of combining the first and second symbol sequences to obtain the second signal.  



WO 2010/021597PCT/SG2009/000285 4 Advantageously, the method further comprises the step of
encoding the first and second signals using Alamouti coding prior to the respective transmissions. The
first expression may be employed as a training scheme and in this case, the information symbol may
include at least one training signal and the method may further comprise the steps of: encoding the
first and second received symbol sequences using Alamouti coding to obtain the first arid second
signals for transmission by the respective relay antennas. Preferably, the method further comprises
the step of, at the destination station, negating the first and second signals to obtain channel estimates
for the wireless 10 communication relay channel. The method may further comprise the step of, at the
destination station, calculating a mean of the first and second signals to obtain channel estimates for
the wireless communication relay channel. In a second variation, the information symbol may include
two consecutive symbols. In 15 such a case, the first symbol. sequence may include a combination of
the two consecutive symbols and the second symbol sequence may include a difference of the two
consecutive symbols. Advantageously, the method further comprises the steps of, combining the first
and 20 second symbol sequence for deriving the first signal for the first relay antenna; combining the
first and second symbol sequence at the second relay antenna for deriving the second signal for the
second relay antenna. The method may further comprise the steps of encoding the combined first and
second symbol sequences using  WO 20101021597PCT/SG2009/000285 5 Alamouti coding to form
the first and second signals for transmission by the respective relay antennas In a variation to the
training scheme, the information symbol may include at least one 5 training signal, and the first signal
includes a conjugate of the second symbol sequence received at the second relay antenna. The
method may further comprise the step of: re- transmitting the first symbol sequence by the first relay
anterma at a symbol interval different from the transmission of the first signal. The second signal may
include a negative conjugate of the first symbol sequence received at the first relay antenna. 10
Preferably, the method may comprise the step of: re-transmitting the second symbol sequence by the
second relay antenna at a symbol interval different from the transuiission of the second signal. The
method may further comprise the step of, at the destination station, negating the first and second
signals to obtain channel estimates for 



15 the wireless communication relay channel. In this training variation, the method may further
comprise the step of; at the destination station, calculating a mean of the first and second signals to
obtain channel estimates for the wireless communication relay channel. 20 As an alternative training
scheme, the first symbol Sequence may be re-transmitted by the first relay antenna over first and
second symbols intervals, and the method may further comprise the step of transmitting a negative
conjugate of the second symbol  WO 2010/021597PCT/SG2009/000285 6 sequence received at the
second relay antenna over a third symbol interval. The first may be transmitted over a fourth symbol
interval. The method may further comprise the steps of, simultaneously, transmitting a negative 5
second symbol sequence by the second relay antenna over the first symbol interval and
re-transmitting the second symbol sequence by the second relay antenna over the second symbol
interval. The second signal may include the negative conjugate of the first symbol sequence is
transmitted over the third and fourth symbol intervals. 10 In a third variation, the information symbol
may include even number of symbols, and the method may farther comprise the step of combining the
first and second symbol sequences to obtain the first and second signals at the respective antennas.
Advantageously, the method may further comprise the step of encoding the first and 15second signals
using Alamouti coding prior to the respective transmissions. As a further training scheme variation, the
method may further comprise the steps of combining the first and second symbol sequences to form
the first signal and transmitting the first signal over a first symbol interval. Preferably, the method may
20further comprise the steps of: negating the first signal; and transmitting the negated first 



signal over a second symbol interval. The method may further comprise the steps of: obtaining a
complex conjugate of the first signal; and transmitting the complex conjugate of the first signal over a
third and  WO 2010/021597PCT/SG2009/000285 7 fourth symbol interval. The method may further
comprise the steps of, simultaneously, combining the first and second sequences to form the second
signal, obtaining a complex conjugate of the second signal, negating the complex conjugate of the
second signal, and transmitting the negated complex conjugate of the second signal over the 5first and
second symbol intervals. Preferably, the second signal is transmitted over the third symbol interval. In
such a case, the method may further comprise the steps of negating the second signal and
transmitting the negated second signal over a fourth symbol interval. 10 In a second specific
expression of the invention, there is provided an analog space-time relay method for a wireless
communication relay channel, the wireless communication relay channel including first and second
relay antennas arranged to relay an information signal transmitted from a source station to a
destination station, the method comprising 15the steps of:  (i) receiving a first symbol sequence at the
first relay antenna and the first relay antenna retransmitting the first symbol sequence as a first signal,
the first symbol sequence comprising the infoillation signal and a first noise element;      (ii) receiving a
second symbol sequence at the second relay antenna, the second symbol 20sequence comprising the
information signal and a second noise element;  (iii) transmitting a second signal by the second relay
antenna, the second signal being a reordering of the second symbol sequence.  WO
2010/021597PCT/SG20091000285 8 



The method may further comprise the step of obtaining a complex conjugate of the reordered second
symbol sequence. The method may further comprise the step of negating odd numbered symbols of
the complex conjugated reordered second symbol sequence. 5 Preferably, the method further
comprises the step of reversing the order of the even and odd numbered symbols of the complex
conjugate second symbol sequence to form the second signal. The method may further comprise the
step of encoding the first and second signals using Alamouti coding prior to the respective
transmissions 10 In an even further variation to the training scheme, the information signal may
include a first training signal and a second training signal, the second training signal being a negation
of the first training signal. The method may comprise the steps of transmitting the first training signal
over a first symbol interval and transmitting the second training 15signal over a second symbol
interval, the second symbol interval occurring after the first symbol interval. The method may further
comprise the step of, at the destination station, negating the first and second signals to obtain channel
estimates for the wireless communication relay channel. The method may further comprise the step of,
at the destination station, calculating a mean of the first and second signals to obtain channel
20estimates for the wireless communication relay channel. For both expressions and the variations,
the information symbol may be modulated using OFDM. As an alternative, the information symbol may
be modulated using Single Cani er - Cyclic Prefix.  9 Preferably, the first and second signals are coded
using a coding matrix based on the number of antennas at the relay station. The method may further
comprise the step of pci forming linear processing at the destination station. 5 The first and second
antennas may be located at the same relay station, or at different relay stations.     The first noise
element or the second noise element may include additive noise of the 10 communication relay
channel. 



Preferably, the information signal from the source further comprises a cyclic prefix, and the method
further comprises the step of removing part of the cyclic prefix at the relay station; and transmitting the
remaining part of the cyclic prefix with the first signal or 15the second signal to the destination. As an
alternative, instead of removing part of the cyclic prefix, the method may further comprises the steps
of: removing the cyclic prefix at the relay statior  20generating a second cyclic prefix at the relay
station; and appending the second cyclic prefix to the first signal or the second signal for transmission
to the destination.  WO 2010/021597PCT/SC2009/000285 10 The first symbol sequence may further
comprise a further information signal transmitted from a further source station destined for a further
destination station. The second symbol sequence may further comprise a further information signal
transmitted from a further source station destined for a further destination station. 5 The information
signal may comprise a first header and the concurrent information signal may comprise a second
header, the cross-correlation value obtained by correlating the first header and the second header with
no offset is equal to the cross- correlation value obtained by correlating the first and the second header
with offset 10greater than zero. In a third specific expression of the invention, there is provided a
header for a frame structure, the header comprising a sequence of symbols having a correlation value
obtained by correlating the header with a copy of itself, the correlation value being a 15first value when
there is no offset between the header and the copy of itself, and the 



correlation value is a second value when the offset between the header and the copy of itself is greater
than zero.   Preferably, the first value is equal to the number of symbols in the sequence and the 20
second value is zero. Sequence may be of CAZAC type or Franic-Zadoff type. The sequence may be
of Maximum length sequence type. Preferably, the first value is equal to the number of symbols in the
sequence and the second value is -1.  11 In a fourth specific expression of the invention, there is
provided a method of deriving a complex conjugate for a symbol sequence comprising the steps of:
(i)reversing the order of the symbol sequence; 5(ii)performing a complex conjugation on the reversed
symbol sequence. The present invention also relates to apparatus or device for performing any of the
above discussed methods or those which are described in the preferred embodiment(s). For example,
certain features maybe implemented on a integrated circuit used at a relay 10station. Specifically, in a
fifth specific expression of the invention, there is provided apparatus for performing analog space-time
relay of an information signal transmitted from a source station to a destination station over a wireless
communication relay channel, the apparatus comprising:      i) a first relay antenna configured to
receive a first symbol sequence which includes the 15information signal and a first noise element, and
(ii) a second relay antenna configured to receive a second symbol sequence which includes the
information signal and a second noise element; wherein, the first antenna is configured to transmit a
first signal which is associated with the second symbol sequence received at the second relay
antenna; and wherein 20the second antenna is configured to transmit a second signal which is
associated with the first symbol sequence received at the first relay antenna.  In a sixth specific
expression of the invention, these is provided apparatus for performing analog space-time relay of an
information signal transmitted from a source 



WO 2010/021597PCT/SG2009/000285 12 station to a destination station over a wireless
communication relay channel, the apparatus comprising;   (i) a first relay antenna configured to receive
a first symbol sequence and to retransmit 5the first symbol sequence as a first signal, the first symbol
sequence comprising the information signal and a first noise element;  (ii) a second relay antenna
configured to receive a second symbol sequence which includes the information signal and a second
noise element; the second relay antenna further configured to transmit a second signal which is a
reordering of the second 10symbol sequence. In either or both the fifth and sixth specific expressions,
the apparatus may be in the form of a relay station and the first and second antennas may be
co-located at the relay station. In the alternative, the apparatus may include two relay stations and the
first and 15second antennas may be located at separate relay stations. In an seventh specific
expression of the invention, there is provided an apparatus for deriving a complex conjugate for a
symbol sequence , the apparatus comprising: (i)a reverser for reversing the order of the symbol
sequence; 20(ii)a processor for performing a complex conjugation on the reversed symbol sequence.
The information signal from the source may comprise a cyclic prefix and the apparatus may further
comprise :  WO 2010/021597PCT/SG2009/000285 13 



a processing unit for removing part of the cyclic prefix at the relay station; and a transmitter for
tran,witting the remaining part of the cyclic prefix and the message to the destination. 5In the
alternative, the apparatus may comprise; a processing unit configured to remove the cyclic prefix,
generate a second cyclic prefix, append the second cyclic prefix to the message; and transmit the
message with the appended second cyclic prefix to the destination. 10 It can be appreciated from the
described embodiment(s), that the method and apparatuses:  requires little signal processing at the
relay (as opposed to digital processing means) significantly lower implementation costs and power
consumption  15 only requires linear processing to achieve maximum likelihood decoding the flexibility
of deploying either multiple antennas at the relay nodes, or multiple single-antenna relays. If OFDM is
used, it offers the following advantages:  achieves complete mitigation of ISI in the relay channels 90-
only analog domain processing required at the relay only linear decoding required at the destination
WO 2010/021597PCT/SG2009/000285 14 BRIEF DESCRIPTION OF THE DRAWINGS  



By way of example only, one or more embodiments will be described with reference to the
accompanying drawings, in which:        Figure 1 is a schematic drawing of a communication channel
having a source 5station S, relay station R and destination station D, according to an example
embodiment; Figure 2 is a schematic drawing of a transmitter for the source station of Figure 1;
Figure 3 is a schematic drawing of a receiver for the relay station of Figure 1; 10Figure 4(a) is a
schematic drawing of a receiver for a destination station of Figure 1 where sequence reordering is not
required;       Figure 4(b) is a schematic drawing of a variation of the receiver of Figure 4(a) in which
sequence reordering is required;           Figure 5 is a flow diagram of a general ASTC transmission
method over the 15 communication channel of Figure 1;       Figure 6 is a flow diagram of a channel
training and estimation method used in the flow diagram of Figure 5;       Figure 7(a) is a schematic
drawing of a frame structure according to the example embodiment; 20Figure 7(b) is a variation of the
frame structure of Figure 7(a) in which there are two or more training sequences;       Figure 8 is a flow
diagram of a method of implementing ASTC transmission using the frame structure of Figure 7(a);
WO 20101021597PCT/SG2009/000285 15       Figure 9 is a flow diagram of a method for deriving a
cyclic prefix according to the example embodiment; 



Figure 10 is a flow diagram of a scheme for inserting cyclic prefixes according to the example
embodiment; and 5Figure His a flow diagram of an alternative scheme for inserting cyclic prefixes
according to the example embodiment. DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS 10 Figure 1 shows a communication channel according to an example embodiment.
This channel consists of a source station/node, 110 (5), a relay station 120 (R) and a destination
station/node 130 (D). The source and the destination each have only one antenna, and the relay has
two antennae 122,124. Only one relay node will be used for communication and the proposed analog
space-time coded (ASTC) relaying schemes is 15then be carried out on the selected relay in a
straightforward manner. The ASTC relaying schemes in this embodiment is applied to orthogonal
frequency division multiplexing (OFDM), in which the ASTC encoding is applied to individual
subcarriers over two consecutive OFDM symbols. 20 Alternative embodiments may also apply the
ASTC relaying schemes to single-carrier cyclic prefix (SC-CP) systems where the ASTC encoding is
also applied to individual symbols over two consecutive SC-CP blocks.  WO
2010/021597PCUSG2009/000285 16 Figure 2 shows an example transmitter for the source according
to the example embodiment When OFDM is used as the modulation technique, OFDM symbols
consisting of N words each enter the module 202 where an N-point inverse discrete 5 Fourier
transform (LOFT) converts the frequency domain signals to the time domain. Alternative embodiments
of Figure 2 can use SC-CP as the modulation technique, in which case the module 202 is not
necessary and symbols arriving at the module 202 can pass through unchanged. 10 During a fitSt
symbol intervals t,51 a first symbol denoted x1 leaves the LOFT module 202 and the switch control
210 directs xl down the path 216. The symbol x, arrives at the parallel-to-serial converter 212 and then
to a module 214 where cyclic prefix insertion is performed. The symbol xr with the cyclic prefix instated
is then transmitted 15using the antenna of the source. 



During a second symbol intervals ts,2, a second symbol denoted x2 then leaves the IDFT module 202
and the switch control 210 directs x2 to the processing unit 204 where signal conjugation is performed
by the sequence re-ordering unit 206, the resultant then negated and conjugated by the conjugation
unit 208. The conjugated symbol x; arrives 20at the parallel-to-serial converter 212 and then to a
module 214 where cyclic prefix insertion is performed. The symbol .7c,2 with the cyclic prefix inserted
is then transmitted using the antenna of the source.  17 Alternative embodiments can have a switch
control 210 which operates by directing odd symbols down the path 216 while even symbols are
directed to the processing unit 204.   Figure 3 shows a receiver 300 for the relay station D of Figure 1.
It can be implemented 5either with the radio frequency (RF) circuit, or after the analog-to-digital
converter (ADC). In the latter case, the signals are still clocked at the high sampling frequency. The
symbol sequence (i.e. xi and x.s, ) transmitted from the source is received at the antennae of the relay
station over two consecutive symbol intervals tR,i and tR,2. 10 During iR,t, the signalsand rR,23 are
respectively received at the first antenna 302 and the second antenna 304. Signal rzti is sent to the
first delay unit 330 where the signal rR,11 is delayed for a time period of tp, where tp is the duration of
one OFDM symbol. Signal rR,21 is sent to the second delay unit 332 where the signal rioi is delayed
15for a time period of el). During tR,2, the signals r.R.12 and rR,22 are respectively received at the
first antenna 302 and the second antenna 304. Signal r3t12 is sent to the first processing unit 306
where signal conjugation is performed by the sequence re-ordering unit 308, the resultant then
20negated and conjugated by the conjugation unit 310. The resultant signal is - Signal rR,22 is sent to
the second processing unit 312 where signal conjugation is performed by the sequence re-ordering
unit 314, the resultant then conjugated by the 



conjugation unit 316. The resultant signal is rit,"   18 A time period of tp is taken for the fast processing
unit 306 and the second processing unit 312 to respectively produce signals - 1'12 and 7122 . After tp,
the delayed signal of        and the signal 75, is sent to the first combiner unit 320. An addition operation
is 5performed to combine rkii and 71:22 to produce ul, i.e. uj = rjul The delayed signal of rR,21 and the
signal - r;.32 is also sent to the second combiner unit 322 after T_D. An addition operation is
performed at the combiner unit 332 to combine rR.21 and - r,2 to produce u2, i.e. 142 =1t21 -17? 10
The signals u1 and u2 can then be rearranged for re-transmission from the relay statio in the form of   -
F141122 111-. , u  " _ Y= _yIi Yi2 



,_-)221Y22      in this case is Ala_mouti coded and the symbols yii and yr are transmitted from the
15first antenna 302 of the relay respectively over two consecutive symbol intervals 1R,3 and tR,4. The
symbols y21 and yr are transmitted from the second antenna 304 of the relay respectively over two
consecutive symbol intervals tR,3 and tR,4 Figure 4(a) shows a receiver 400 for the destination station
D. The received signals are 20 converted to the digital domain and then packet detection, frame
synchronization 402 and frequency synchronization 404 is done. Serial-to-parallel conversion 408 is
done to convert each group of N serial symbols into an N-point vector. An N-point DFT is then  19
done in 410 on the N-point vector, converting the N time domain symbols into N frequency
components. Channel estimation 412 is then ptaormed with the aid of the header sequence and
training sequence while the detection unit 414 performs the signal detection using linear maximum
likelihood detection on a per-subcarrier basis. 5 Alternative embodiments of Figure 4(a) can use
SC-CP as the modulation technique, in which case an inverse discrete Fourier transfoun (1DFT) can
be performed after signal detection is done in the detection unit 414. 10Figures 4(b) shows an
alternative receiver 450 for the destination. The received signals 



are converted to the digital domain and packet detection, frame synchronization 452 and frequency
synchronization 454 are performed with the aid of the header sequence and training sequence. A
sequence reordering unit 456 then performs a left-shift on those symbols that were reordered earlier at
the transmitter. A serial-to-parallel conversion 15 458 is next done to convert each group of N serial
symbols into an N-point vector. An N-point DFT is then done in 460 on the N-point vector, converting
the N time domain symbols into N frequency components. Channel estimation 462 is then performed
and signal detection is performed at the detection unit 464 using linear maximum likelihood detection
on a per-subcanier basis. 20 Alternative embodiments of Figure 4(b) can use SC-CP as the
modulation teelmique, in which case an inverse discrete Fourier transfoim (IDFT) can be per-footled
after signal detection is done in the detection unit 464.  WO 2010/021597 Frame structure  20
PCT/SG2009/000285        Figure 7(a) shows a frame structure 700 according to the example
embodiment. The frame structure comprises a header 702, a training sequence 704 and a payload
sequence 5706. The header 702 is a unique word sequence which is to be used for packet detection
and frame synchronization. This unique word sequence will possess the following properties: A
constant amplitude; 10 A good auto-correlation property. If the header sequence w(n) has N",
samples, i.e., 77 =   .A7 w , ideally, it should have the following property: 



w(n),,t7(71 sNH' Lo ,otherwise The above represents an autocorrelation operation, in which the AT,"
sample long header sequence (i.e. w(n) for n =1,.  -, NO is correlated with its conjugated and
cyclic-shifted 15version (i.e. we (n) for 71 = 1, k represents the sample offset between the header
sequence and its conjugated and cyclic-shifted version, and when k = 0, there is no offset. w(n)
represents the n-th symbol in the header sequence, where n=1,- . When (iz+k) = w(n k) represents the
(n+k)-th symbol in the header sequence and when (n+k) >./V"), x;(71 ED k) represents the
(n+k-.1\r",)-th symbol in the header sequence. 20 The header sequence can be chosen to be the
CAZAC sequence or the Frank-Zadoff sequence.  21 Another choice for the header sequence is the
maximum length sequence which has constant amplitude and the following auto-correlation property:
L-1 , otherwise w(n)ws (n 8 k)=1 N= 0 Jrl Following the header sequence 702 is the training sequence
704. The training sequence 704 is used in channel training and estimation, as will be elaborated later.
The payload sequence 706 may be sub-divided into a payload header sequence 708 and 10 a payload
information sequence 710, in which case the payload header sequence 708 follows the training
sequence 704 and the payload information sequence 710 follows the payload header sequence 708.
The payload header sequence 708 contains information needed to decode the payload information
710. The payload header 708 may also include the error control coding scheme, coding rate,
modulation scheme, payload 15information length, etc. 



It is also preferred that the frame structure 700 enables robust packet detection, robust frame
boundary synchronization, robust training for channel estimation and robust decoding at the
destination. Further, it is advantageous for the frame structure 700 to 20enable packet detection,
frame boundary synchronization, training for channel estimation and decoding at the destination to be
implemented in digital domain..  WO 2010/021597PCT/SG2009/000285 22 The frame structure 700
also enables the passing of essential payload information for packet demodulation and decoding. The
frame structure 700 may have the advantage that as the training sequence 704 precedes the payload
sequence 706, ASTC transmission with channel parameters estimated by the training sequence 704
can be 5applied to the payload sequence 706 in order to improve the transmission reliability. Figure
7(b) shows an alternative embodiment with a modified frame structure 750 with two or more training
sequences 754, 755, This embodiment may have the advantage of simplifying the frequency
synchronization process at the destination. The two or more  10 training sequences 754, 755 results in
a frame structure 750 with a periodic training sequence. This permits the frequency error to be more
easily estimated at the relay station and destination. Transmission of a frame 15 Figure 8 shows a
method of implementing A.STC transmission at the relay station 120 using the frame structure 700
according to the example embodiment. In 802, packet detection and frame synchronization is
performed to detect the arrival of 20a packet at the relay station 120, and to identify the symbol timing
in the packet. Frequency offset compensation may follow after symbol timing synchronization is
achieved. Packet detection and frame synchronization 802 may be implemented using the header
information 702 transmitted in the frame structure 700 and the relay station 120 receives the header
702 at both the first and second antennae 122, 124.  



23 Packet detection and frame synchronization at the relay station 120 may be performed using a
matched filter implemented in the analog domain As the header 702 of the frame structure 700 has a
good autocorrelation property, an obvious pealc (or trough) at 5the output of the matched filter can be
used to indicate a valid packet as well as the starting reference symbol of the packet. Thereafter in
804, the relay station 120 perfouus training signal encoding using the training signal 704 that is
received from the source 110. The purpose of training signal 10. encoding 804 is to enable the
destination 130 to estimate the channel state information (CSI) parameters. These CSI parameters will
then be used when decoding transmissions during the ASTC transmissions step 806. Following the
training signal encoding 804, ASTC transmission 806 can then be 15 performed to encode the
received payload sequence 706 and transmit it over the communication channel. The steps of channel
training signal encoding 804 and ASTC transmission 806 may be implemented using any of Coding
Schemes 1 to 6. Coding Scheme 1  20 Channel training and estimation using Coding Scheme 1
Figure 6 shows a method of channel training and estimation according to the example embodiment.
This permits the estimation of the channel state information (CSI) parameters hp,1, hp,, that are
required for decoding at the destination. The CSI  WO 2010/021597PCT/SG20091000285 24
parameters are obtained using a training structure and channel estimation protocol that requires only
analog processing at the relay station. 



In 602, an information symbol represented by x is arranged for transmission from the 5 source. x is
chosen to have a symbol value of 1. A symbol sequence w representing the training sequence is
formed where w = [x]   In 604, the source to relay link is activated. The source transmits the symbol
sequence w over a symbol interval ts,r,). This transmission is done using the single antenna present
10at the source. In 606, the symbol sequence transmitted from the source is received at the two
antennae of the relay station in the symbol intervals tR,r,At the first antenna, the symbol     sequence
consisting of the signal 7.1,R,T. is received. At the second antenna, the symbol 15sequence consisting
of the si gnal 12,R.T is received. = fits + na.r r2,rer.7-= 112.6 +         is the channel coefficient between
the source node and the first antenna at the relay node, while h2,8 is the channel coefficient between
the source node and the second antenna at the relay node. ni,T represents the additive noise present
at the first 20antenna. n2, T represents the additive noise present at the second antenna.  WO
2010/021597PCT/SG2009/000285 25 In 608, the symbol sequences TI,R,T from the first antenna and
r7,7t,T from the second antenna can then be arranged for transmission from the relay as Y. Y can
preferably be Alatnonti coded as Yii.Y17.1riazy7;.R.r 1 Y= Y2IY22r2.R.T 



5In 610, the symbols yij and y12 are transmitted from the first antenna of the relay respectively over
two consecutive symbol intervals tR,Ei and TR,T3. The symbols t1 and y22 are transmitted from the
second antenna of the relay respectively over two consecutive symbol intervals tRiv, and titts. 10In
612, the symbol sequence transmitted from the relay is received at the antenna of the destination over
two consecutive symbol intervals tD,r,i and tpin. At the destination, the symbol sequence consisting of
signals rD,T,1 and DAT:2 are respectively received during the intervals tD,T,,i and tD,T;2 and can be
represented as - hD.lrLR,ThD,272.R.T I1D,3 r2*.R,T 15hai is the channel coefficient between the first
antenna of the relay station and the destination, while hD,2 is the channel coefficient between the
second antenna of the relay station and the destination. 'OLD and 172,D respectively represent the
additive noise at the destination present in the signalsand 20In 614, the channel state infoillation (CSI)
parameters hp,L, hp.2, characterizing the product channel are thus be estimated from 7j7I and rD,r,2.
WO 20101021597 PCT/SC2009/000285  26 hp,1h1.8 +1112.2111.8(hD,1111.71112.2n2,T +Vis)
12D.1/4.s -110.2k:s 64- (174.114.1 hp.,ntr V2.D) 



hP,1 +171,D Alternative embodiments can also use in 602 an information symbol value ofx = -1, in
which case the values of rn,r i and ra7,2 should be negated. Alternative embodiments 5may also
repeat the channel training and estimation of 602 to 614 multiple times. In this case, the channel state
infoiniation (CST) parameters hp,i, hp,2,may be taken to be the mean of the multiple channel state
information (CS!) parameters estimated. ASTC Transmission using Coding Scheme 1 10 Figure 5 is a
flowchart which provides an overview of the ASTC transmission. In 502, two information symbols
represented by x2 and x2 are arranged for transmission from the source. xl and x2 may be from the
payload sequence 706 of the frame structure 15700. The complex conjugate of x2 is obtained as x; xi
and x; are then arranged to form the symbol sequence w.  In 504, the source to relay link is activated.
The source transmits over two consecutive symbol intervals t5,33 and is.z, the symbol sequence w.
The symbols x3 is transmitted in 20t3,3 and x; is transmitted in t5,2. This transmission is done using
an antenna present at the source.  27 In 506, the symbol sequence transmitted from the source is
received at the two antennae of the relay station over two consecutive symbol intervals tR,i and tR,7.
At the first antenna, the symbol sequence consisting of signals rn,11 and ;2 are respectively 



5 received during the intervals Exi and tx, At the second antenna, the symbol sequence consisting of
the signals rjui and 7"R,22 are respectively received during the intervals 43 and tR,2     The signals
received by the first and second antenna can be represented by a matrix ri? 10 where        h1,5 is the
channel coefficient between the source and the first antenna of the relay station while 727,s is the
channel coefficient between the source and the second antenna of the relay station. nu represents the
additive noise present at the i-th antenna at 15the j-th time. In 508, the relay obtains a symbol
sequence U by processing rp in the analog domain, where   TJ = - u, hits h;8 1, _X2 28 - 



n11+ n22 ha]  In the computation of it, a complex conjugate of rk,22 is computed and represented as
R, A negated complex conjugate of rR,12 is also computed and represented as    7R,1] is then
combined with r22 to form ul. rR,23 is also combined with R;12 to fOnll u2 5 where 2t1rful rR,22 =
hiaXi 4.swro + (721 U2 rcR,21 -rR.12 =13x1 -h3(n21 - The components of the symbol sequence u can
then be arranged for transmission from the relay as Y. Y can preferably be Alamouti coded as Y Fy" y"
=ru, 24 _Y2I Y22_ LU2UI _ In 510, the symbols yil and y12 are transmitted from the first antenna of
the relay respectively over two consecutive symbol intervals tR,3 and tRA. The symbols y21 and y22
are transmitted from the second antenna of the relay respectively over two consecutive symbol
intervals tR,3 and t.12,4. In 512, the symbol sequence transmitted from the relay is received at the
antenna of the destination over two consecutive symbol intervals to' and tp,, At the destination, the
WO 2010/021597PCT/SG20091000285 29 



symbol sequence consisting of signals rp,i and r2 are respectively received during the intervals tAi and
trz, and can be represented as             hp,) is the channel coefficient between the first antenna of the
relay station and 5the destination, while h33,2 is the channel coefficient between the second antenna
of the relay station and the destination. vi and v2 respectively represent the additive noise at the
destination present in the signals i-D,1 and is,. rp,, denotes the conjugation of r, . In 514, a product
channel matrix Hp is defined 11.P.2 h. P2 .11;1 _  h0,111/2.2 10 /1.0*hp* 1i011z1,5+ht.214,s  h* h -h*
,h Estimates of the information symbols 3.fi and 552 n then he obtained using a Iffiest operation as  H
Hp _2  



where            and hz2 are the channel state information (CSI) parameters characterizing the product
channel that were estimated during the channel training and estimation. 11,11 represents the
conjugate transpose of Hp. 10 Coding Scheme 2 An alternative coding scheme according to the
example embodiment is described below using Figure 6. 15 Channel training and estimation using
Coding Scheme 2 Figure 6 shows a method of channel training and estimation according to the
example embodiment. This permits the estimation of the channel state information (CSI) parameters
hpj and hp,2 that are required for decoding at the destination. The CSI  31 parameters are obtained
using a training structure and channel estimation protocol that requires only analog processing at the
relay station. In 602, an information symbol represented by x is arranged for transmission from the 5
source. x is chosen to have a symbol value of 1. A symbol sequence w representing the training
sequence is formed where w = [X]    In 604, the source to relay link is activated. The source transmits
the symbol sequence w 10over a symbol interval /3,7;1. This transmission is done using the single
antenna present at the source. 



In 606, the symbol sequence transmitted from the source is received at the two antennae of the relay
station in the symbol intervals tRr.1. At the first antenna, the symbol 15sequence consisting of the
signal rt,R, T is received. At the second antenna,the symbol sequence consisting of the signal r,,R,T is
received. 71,R,T = 121.3  nI,T 11'2.8  111.7       his is the channel coefficient between the source node
and the first antenna at the relay node, while h2,8 is the channel coefficient between the source node
and the 20second antenna at the relay node. 721,r represents the additive noise present at the first
antenna. n2,7' represents the additive noise present at the second antenna.  WO
2010/021597PCT/SG2009/000285 32 In 608, the symbol sequences ri,R,7 from the first antenna
andr2,R,T from the second antenna can then be arranged for transmission from the relay as Y where
Fr1,R,T Y,1 Y12 Y132,R,T00 Y14 - Y21 Y22 Y23 Y24_00 r1,11,T 5In 610, the symbols ytt, yi2, Y13
and y14 are transmitted from the first antenna of the relay respectively over four consecutive symbol
intervals tkr,2, tRE3, izz4 and tR,715. The symbols yit, y27, Y23 and y24 are transmitted from the
second antenna of the relay respectively over two consecutive symbol intervals tR2, tjr,s, igrA and
ift.7". 



10 In 612, the symbol sequence transmitted from the relay is received at the antenna of the destination
over four consecutive symbol intervals tarti, in, T,2, ED,Z3 and 1`,9,7:4. At the destination, the symbol
sequence consisting of signals ra,r,i, TD,72,i'D,E3 and rAT,4 are respectively received during the
intervals tati, tprzy, ta 7;3 and EQ2-,4 :Ind can be represented as 1D,T.1 = 'D,1 ,RS1. =4,11 15    hD.
.1r2,11,T +V: .D = ;,22 1-D.7,3= hnarziza.  V50 = 12;11             1* " rD,T,4+V4.D =4,21       h0,1 is the
channel coefficient between the first antenna of the relay station and the destination, while ha, is the
channel coefficient between the second antenna of the  WO 2010/021597PCT/SG2009/000285 33
relay station and the destination. vi,D, v2.D,vs,D and v,,,D respectively represent the additive noise
that is present in the signals rp,zi, rD,T,2, rD,E3 and rD,2",4 at the destination.          In 614, the
channel state information (CSI) parameter Hp characterizing the 5product channel are thus estimated
from rn,T,i, rD,77, rA2-,3 and rD,T,4- 



Hp = 11P,21 4.12_ Alternative embodiments can also use in 602 an information symbol value of x = -
which case the values ofrD.T,', rD,T,3 and rD,T,4 should be negated. 10 Alternative embodiments can
also repeat the channel training and estimation of 602 to 614 multiple times. In this case, the channel
state information (CS]) parameter Hp can be taken to be the mean of the multiple channel state
information (CS]) parameter estimated. 15 ASTC Transmission using Coding Scheme 2 The ASTC
transmission using this scheme will now be described with reference to Figure 5 again. 20 In 502, two
information symbols represented by x2 and x2 are arranged for transmission from the source, xl and
x? may be from the payload sequence of the frame structure, x2 and x-, are arranged to form the
symbol sequence w where.  ri1 [ 11x, WI = II + Ia W, = Ii - X,      w1 is thus obtained from the addition
of x1 and x2 while w2 is obtained from the difference of x1 and 22). In 504, the source to relay link is
activated. The source transmits over two consecutive symbol intervals t5,1 and ts,2, the symbol
sequence w. The symbols w1 is transmitted in 



d w2 is transmitted in ts,2. This transmission is done using an antenna present at the 10source. In
506, the symbol sequence transmitted from the source is received at the two antennae of the relay
station over two consecutive symbol intervals 1R,1 and tR,2. At the first antenna, the symbol sequence
consisting of signals rR,11 and t-R,p are respectively 15received during the intervals tR,i and tR,2. At
the second antenna, the symbol sequence consisting of the signals rR,21 and rR,22 are respectively
received during the intervals ts.i and tR,2.      The signals received by the first and second antenna can
be represented by a matrix rp 20 where  35 111rR.12 r.R.21 ni,7212 WI W2 i+ h2s_7221 n22 hi,s (Xi +
X2 )+ 72hts (Xi - X2 ) nI2 - n21 h24. (x, - x, )+ n2, 1,3 is the channel coefficient between the source
and the first antenna of the 



relay station while hzs is the channel coefficient between the source and the second    antenna of the
relay station Th./ represents the additive noise present at the i-tia antenna at 5 the fith time. In 508, the
relay obtains a symbol sequence U by processing rR in the analog domain, where Ulrn,r, 10=2ha,sx, +
u, = r21 rR,22 = 212,),5  (n21 - n22 ) The components of the symbol sequence u can then be arranged
for transmission from the relay as Y. Y can preferably be Alamouti coded as Yll Y12 = u1 Y2I Y22 ]u2
36 are tansmitted from the second antenna of the relay respectively over two consecutive symbol
intervals tR,3 and tR,4.    In 512, the symbol sequence transmitted from the relay is received at the
antenna of the 5destination over two consecutive symbol intervals tr.,' and t42. At the destination, the
symbol sequence consisting of signals rio,1 and TD,, are respectively received during the S tp,i and
iD,2 and can be represented as    



10ha,i is the channel coefficient between the first antenna of the relay station and the destination,
while h.A2 is the channel coefficient between the second antenna of the relay station and the
destination. rsL, denotes the conjugation of I'D., vi and v2 respectively represent the additive noise
present in the signals rDii and r;,2 at the destination. 15In 514, estimates of the infolmation symbols 5;
andcan then be obtained using a linear operation as a-1 D.1 1 H N [1.2 rp*.2  37 Hp is the channel
state information (CST) parameter estimated during channel training and estimation that characterizes
the product channel. The product channel matrix Hp is HP = [1/P,11 4.21 hp./ h" 



D,2 4,22 koz h" DJ his 0 0 hzs  5 Coding Scheme 3  A second alternative coding scheme is described
below referring to Figure 6. Channel training and estimation using Coding Scheme 3  10 Figure 6
shows a method of channel training and estimation according to the example embodiment. This
permits the estimation of the channel state information (CSI) parameters hp,, and hp, that arc required
for decoding at the destination. The CSI parameters are obtained using a training structure and
channel estimation protocol that requires only analog processing at the relay station. 15In 602, an
information symbol represented by x is arranged for transmission from the source. x is chosen to have
a symbol value of 1. A symbol sequence w representing the training sequence is formed Where w = [x]



38 In 604, the source to relay link is activated. The source transmits the symbol sequence w over a
symbol interval ts,r,]. This transmission is done using the single antenna present at the source. 5In
606, the symbol sequence transmitted from the source is received at the two antennae of the relay
station in the symbol intervals tR,Ti. At the first antenna, the symbol sequence consisting of the signal
riA2- is received. At the second antenna, the symbol sequence consisting of the signal 7"1,E,T is
received. 71.k.r = hi,s flu 12,R,T = h2,52,T 10h1.5 is the channel coefficient between the source and
the first antenna of the relay station while h2,5 is the channel coefficient between the source and the
second antenna of the relay station. ny represents the additive noise present at the i-th antenna at the
j-th time. 15 In 608, the symbol sequences rl,R,T from the first antenna and 12ss from the second
antenna can then be arranged for transmission from the relay as Y where  Yll Y12 YI3 YI4 _ [
i11."rl.R,T - w Y2I Y22 Y23 Y24- 72.R7  112,R,T  In 610, The symbols yii, y12, yis andym are
transmitted from the first antenna of     the relay respectively over four consecutive symbol intervals
kria, tR,T,31 1R,T,4 and 4,7:5. 20The symbols y21, Y22, Y23 and y24 are transmitted from the second
antenna of the relay 



respectively over four consecutive symbol intervals tR,T,2, tR.S, 112,7;4 and /Ans.  39 The following
operations have to be performed to obtain yii, yp, y13 and y14 and transmit it from the first antenna:
over the first and the second symbol intervals i.e. tR,T2 and tR,E3, the received signal at the first
antenna Le.ri,R,T is transmitted to the destination; 5 over the third symbol interval i.e. R,T4 , the
negative conjugate of the received signal at the second antenna i.e. -1LLr is transmitted to the
destination;  over the fourth symbol interval i.e. tR,T5 , the conjugate of the received signal at the
second antenna i.e. r;is transmitted to the destination.            The following operations have to be
performed to obtain y21,.Y.,,, Y23 and.3224 and 10 transmit it from the second antenna:  over the first
symbol interval i.e. tR,T,, , the negative received signal at the second antenna i.e. -1-2,1Z, T is
transmitted to the destination;  over the second symbol intervals La tR,7-,3, the received signal at the
second antenna i.e. !Mgr is transmitted to the destination; 15 over the third and the fourth symbol
intervals i.e. tD,T,4 and tp zs, the negative conjugate of the received signal at the first antenna i.e. -
71:R.T is transmitted to the destination; hi 612, the symbol sequence transmitted from the relay is
received at the antenna of the 20 destination over four consecutive symbol intervals tD,T,i, tar, 1D,E3
and to, 2;4. At the destination, the symbol sequence consisting of signals rar,l, rD.T.', I'D,t3 and rD,E4
are respectively received during the intervals /aryl, ta7-,2, lam and ta TA.  



40 In 614, the channel state information (CSI) parameter Hp characterizing the product channel are
thus estimated from Co, 1,1D,72, r133 and 1"):),7:4 as   [4,11P.12,TrD,T.2.
[4.22111.P,111=VD,T,3D,T .4 1- 11 -11 11   where 5RP=  hP.11TIP,12 "P,21 4 ,2,  



Alternative embodiments may also use in 602 an information symbol value of x = -1, in which case the
values of rv,T,15 rD,T,2, TD,r,3 and 1p,z4 should be negated. 10 Alternative embodiments may also
repeat the channel training and estimation of 602 to 614 multiple times. In this case, the channel state
information (CSI) parameter Hp may be taken to be the mean of the multiple channel state information
(CSI) parameters estimated. 15 ASTC Transmission using Coding Scheme 3  The ASTC transmission
of information may be done in the same manner as that for Coding Scheme 2. 20 Coding Scheme 4
WO 2010/021597PCT/SG2009/000285 41 A third alternative coding scheme according to the example
embodiment is described below using Figure 6. Channel training and estimation using Coding Scheme
4  5 Figure 6 shows a method of channel training and estimation according to the example
embodiment. This permits the estimation of the channel state information (CS1) parameter lip that are
required for decoding at the destination, where Hp 17P,21 riP.12 1 r 



nP,22 = (his1124 TDA - /4.2  10 The CSI parameters are obtained using a training structure and
chAnnel estimation protocol that requires only analog processing at the relay station.   In 602, an
information symbol represented by x is arranged for transmission from the source. x is chosen to have
a symbol value of 1. A symbol sequence w representing the 15 training sequence is formed where w =
[x]   In 604, the source to relay link is activated. The source transmits the symbol sequence w over a
symbol interval ts,EI. This transmission is done using the single antenna present 20at the source.  42
sequence consisting of the signal ri,R,T is received. At the second antenna, the symbol sequence
consisting of the signal r2A2- is received. rI,R,T = h15 + n1,7 7'2 R,T = h2,5 + n2.1 1113 is the channel
coefficient between the source and the first antenna of the 5relay station while h24 is the channel
coefficient between the source and the second antenna of the relay station, nu represents the additive
noise present at the i-th antenna at the j-th time.     In 608, the symbol sequences ri,R,T from the first
antenna and 12,R.r from the second 10 antenna can then be combined to form ter where 



UT = ii,E,r12.R,T 17,,5)+ (n1,7 ill is then arranged for transmission from the relay as Y where yY I I
Y12 Y13-UTUr Y21 Y22 Y23 YY1244[ UT  7 - Ur UT - UT] 15In 610, the symbols yit, y12, y13 and ym
are transmitted from the first antenna of the relay respectively over four consecutive symbol intervals
1R.772, t/4T,3; tR,T,4 and 1R,E5. The symbols yil, Y22, Y23 and y24 are transmitted from the second
antenna of the relay respectively over two consecutive symbol intervals tR,E2, tR,T,3, tR, TA and titz5.
20In 612, the symbol sequence transmitted from the relay is received at the antenna of the destination
over four consecutive symbol intervals tD,T.15 tD,T,1: tD,T,3 and tD,T,4. At the  WO
2010/021597PCT/SG2009/000285 43 destination, the symbol sequence consisting of signals rar,i,
rA2'2,1'az3 and l'az4 are respectively received during the intervals tD,T,I, ID. T,22 tD.E3 and ta In 614,
the channel state information (CSI) parameters hp,11, h,12,4.11 and I' 5characterizing the product
channel are thus estimated from rD,T,1, rD,T,2, D.T,3 and D, T,4- 11 



17 P.11 2        1 (7" P,I2D.T,3 1 f TIP 21 = VD,T.1  '2 1 ( c 22 = 'TD IAD .7 ,4)* '2' Alternative
embodiments can also use in 602 an information symbol value of x = -1, in which case the values of
ruim and ru,7-,2 should be negated. 10 Alternative embodiments can also repeat the channel training
and estimation of 602 to 614 multiple times. In this case, the channel state information (CSI)
parameter Hp can be taken to be the mean of the multiple channel state infoimation (CSI) parameters
estimated. 15 ASTC Transmission using Coding Scheme 4 The ASTC transmission using this scheme
will now be described referring again to Figure 5.  



44 Ln 502, two information symbols represented by xi and x2 are arranged for transmission from the
source. x1 and x2 may be from the payload sequence of the frame structure. xi and x2 are then
arranged to form the symbol sequence w. w [x, x2] In 504, the source to relay link is activated. The
source transmits over two consecutive symbol intervals ts,1 and ts,,, the symbol sequence w. The
symbols xi is transmitted in t3,1 and x2 is transmitted in t5,9. This transmission is done using an
antenna present at the source. 10 In 506, the symbol sequence transmitted from the source is
received at the two antennae of the relay station over two consecutive symbol intervals tR,1 and tR,2.
At the first antenna, the symbol sequence consisting of signals nu]. and 1R,12 are respectively
received during the intervals tR,i and tR,2. At the second antenna, the symbol sequence 15consisting
of the signals E2L21 and rR,22 are respectively received during the intervals tn,i and tR,2. The signals
received by the first and second antenna can be represented by a matrix ER where rR.11r/z,121
CR,2.]rn,22 __ ii, ts1 Lx x 21+ , [n1177.12 ilLs r _ 



__ 121,5 a 1 + ii,sx, + fl, /124-11 + n21172,sx2 -I- n22_,  WO 2010/021597PCT/SG2009/1100285 45
hi,s is the channel coefficient between the source and the first antenna of the relay station while h2,s is
the channel coefficient between the source and the second antenna of the relay station. nv represents
the additive noise present at the i-th antenna at 5the j-th time. In 508, the relay obtgins a symbol
sequence U by processing rR in the analog domain, where U=   10and 1111i?..23   (? ih.s hz.s )-1:1
(nu u = r 2R.12  (h1.3h2,3 )7"2(1111 + 7212 ) The components of the symbol sequence u can then be
arranged for transmission from the relay as Y. -5/ can preferably be Alamouti coded as 



Y11 Y121 Y2I Y22_  In 510, the symbols yn and y:2 are transmitted from the first antenna of the relay
respectively over two consecutive symbol intervals 043 and tRA. The symbols y21 audY22 are
transmitted from the second antenna of the relay respectively over two consecutive 20symbol intervals
t8.3 and tRA  WO 2010/021597PCT/SG2009/000285 46 In 512, the symbol sequence transmitted
from the relay is received at the antenna of the destination over two consecutive symbol intervals tD,1
and tD,2. At the destination, the symbol sequence consisting of signals rD,1 and .2 are respectively
received during the 5intervals tai and tD,2 and can be represented as        /2D,1 is the channel
coefficient between the first antenna of the relay station and the destination, while h./3,2 is the channel
coefficient between the second antenna of the relay station and the destination vi and v2 respectively
represent the additive noise 10present in the signals rp,i and rpm ., at the destination. PI) 2 denotes
the conjugation of ri,.2 In 514, estimates of the information symbolsandcan then be obtained using a
linear operation as  15where  



47 Coding Scheme 5  A fourth alternative coding scheme according to the example embodiment is
described below using Figure 6. Channel training and estimation using Coding Scheme 5  Figure 6
shows a method of channel training and estimation according to the example embodiment. This
permits the estimation of the channel state infothiation (CSI) parameters that are required for decoding
at the destination. The CSI parameters are idobtained using a training structure and channel
estimation protocol that requires only analog processing at the relay station. In 602, A symbol
sequence w representing the training sequence is formed where w = [x, x2] =-11 15 In 604, the source
transmits the symbol sequence w over two symbol intervals tstr,3 and ts;),T. This transmission is done
using the single antenna present at the source. In 606, the symbol sequence transmitted from the
source is received at the two antennae 20of the relay station. At the first antenna, the symbol
sequence consisting of the signal ri LAT and 112,R.T are respectively received at the symbol intervals
tR,T,1 and tnr. At the second antenna, the symbol sequence consisting of the signal rzt.ar and
P22,R,T are respectively received at the symbol intervals 1R,r,1 and tR.T,'  48 r11.R.T 



r12,R,T  ks - hi., ni, [ r21.12.T 722,R.T  s - 1z23 .272,       ht,,s, is the channel coefficient between the
source and the first antenna of the relay station while hi 3 is the channel coefficient between the
source and the second antenna of the relay station. nu represents the additive noise present at the i-th
antenna at 5 the j-th time. In 608, the symbol sequences in rR,Tthen be arranged for transmission from
the relay as Y where   



10 In 610, the symbols yit andyj2 are transmitted from the first antenna of the relay respectively over
two consecutive symbol intervals tR,E, and t34-,3. The symbols y21 and Y22 are transmitted from the
second antenna of the relay respectively over two consecutive symbol intervals tRiz2 and tR,2;3. 15ID
other words, at the relay station, for each training session of two symbol intervals, the received
sequence at the first antenna is transmit from the first antenna to the destination without any farther
processing. For the received sequence at the second antenna, the first symbol of the sequence is
negated and conjugated before transmission from the second antenna to the destination, and the
second symbol of the sequence is conjugated 20before transmission from the second antenna to the
destination.  WO 2010/021597PCT/SG2009/000285 49 In 612, the symbol sequence transmitted from
the relay is received at the antenna of the destination over two consecutive symbol intervals tAzi and
1'0,112. At the destination, the symbol sequence consisting of signals razi and rD,2,2 are respectively
received during the intervals tD,T, 1 and tA7t2 and can be represented as  - 1713r + 142,S 1 -1 [11D.
-1 -1   fnu77,12 



1_1222 - 1121      ni2 nt, -       hp,i is the channel coefficient between the first antenna of the relay
station and the destination, while hp,-, is the channel coefficient between the second antenna of the
relay station and the destination. vi,D and 112,D respectively represent the additive noise that is
present in the signals rp,zi and rur  In 614, the channel state information (CST) parameters lip,i and
hp,2 characterizing the product channel can be estimated from rD,T, and TD,T,2 as kP 1 = 1 - T 1- r2)
15Alternative embodiments can also repeat the channel training and estimation of 602 to 614 multiple
times. In this case, the channel state information (CST) parameters 1;p0 and    can be taken to be the
me of the multiple channel state information (CSI) parameters estimated.  WO
2010/021597PCT/SG2009/000285 50 ASTC Transmission usinG Coding Scheme 5  The method of
ASTC transmission according to this scheme will now be described referring again to Figure 5. 5In
502, two information symbols represented by x1 and x2 are arranged for transmission from the source.
x1 and x2 may be from the payload sequence of the frame structure. x1 and x2 are then arranged to
form the symbol sequence w. w = lx, x2I 



In 504, the source to relay link is activated. The source transmits over two consecutive 10symbol
intervals ts,i and t8,7, the symbol sequence w. The symbols x1 is transmitted in tsj and x, istransmitted
in 7,5;2. This transmission is done using an antenna present at the source. In 506, the symbol
sequence transmitted from the source is received at the two antennae 15of the relay station over two
consecutive symbol intervals tit] and tp,,. At the first antenna, the symbol sequence consisting of
signals rR,ii and rR,12 are respectively received during the intervals tR,i and iR,2. At the second
antenna, the symbol sequence consisting of the signals 21 and riz,7, are respectively received during
the intervals tRi and tR,,. 20 The signals received by the first and second antenna can be represented
by a matrix ri? where  51 rR.12 R,21rR.22_ Thisr1n11n12 =1-1  X1 X7 _n21 n22_, [h1x, + n1 htsx, 4-
nv, /22.s.2.3 + 1121 h,5x, + 1i22 



hiss is the channel coefficient between the source and the first antenna of the relay station while h2"3
is the channel coefficient between the source and the second antenna of the relay station nu
represents the additive noise present at the i-th antenna at 5 the j-th time. In 508, the signals rR,115
112,12 rR,2; and rxr can then be arranged for transmission from the relay as Y. Y can preferably be
Alamo-uti coded as Y= Yu  R,11rR.12  _Y21 Y22_   10In 510, the symbols y and yi, are transmitted
from the first antenna of the relay respectively over two consecutive symbol intervals tp,2 and tR,4 The
symbols y2i and y22 are transmitted from the second antenna of the relay respectively over two
consecutive symbol intervals ilp,3 and tR.4. 15In other words, at the first antenna, the received symbol
sequence is re-transmitted unchanged, and at the second antenna, the following operations are
carried out before the signals are transmitted: i. the received symbols 2-R,23 and TA', are conjugated;
ii. negate the odd-numbered symbols i.e. -  



WO 2010/021597PCIISG20091000285 52 iii. reverse the order of the even and oddnumbered
symbols. The operations i. to lii. are carried out in the analog domain; an example of which is in the
radio frequency circuits, or at the output of the analog-to-digital converters (ADCs). 5  In 512, the
symbol sequence transmitted from the relay is received at the antenna of the destination over two
consecutive symbol intervals t0,1 and 1.0,2 At the destination, the symbol sequence consisting of
signals rna and ri),,) are respectively received during the intervals tai and tp,, and can be represented
as 10hal is the channel coefficient between the first antenna of the relay station and the destination,
while h0.2 is the channel coefficient between the second antenna of the relay station and the
destination v1 and v2 respectively represent the additive noise present in the signals rp,i and 1..0,2 at
the destination. 15Signals I'm and r0,1 then work out to be TTDJ  hD,Ih1.5 12.0.2 iln.8 - x  4,17in 4-
h0,2742 4- 



D  hp,1122.5 _   __  - hp. + v;  In 514, estimates of the information symbols 5.1 and 512 can then be
obtained using a linear operation as    53 if xi  hhs 



hntihitsD,2  D,1 x,  ,2172,shp* .111;   _rD,2 j2 r XI =hp,1121121,sr   I *  where 



= 4,1111115 (IiD,11711liD.2 n22 + VI )- ii2h;,s(hD.1 12 - h/J,21121  V2 = .211.24,s YID .1 + &Dant,
++(14,142 - 14,2n21 + 5 Coding Scheme 6 A fifth alternative coding scheme will now be described
below using Figure 6. In the coding scheme, the .frame structure would have the following additional
requirements for the header sequence and training sequence: 10 The header sequences used by
each of the two sources should have as low as possible a cross-correlation, e.g., orthogonal
sequences.  The training sequences used by each of the two sources should be orthogonal. This
requires at least two symbols of training signals to be used by each source. For example, the first
source can transmit n-11 11, and the second source, 15vv = [1 -1]. For this coding scheme to be
adopted in OFDM systems, ranging needs to be performed so as to align the received signals at the
relay in the cyclic prefix window.  54 Channel training and estimation can be done in the same manner
as that for Coding Scheme 5. ASTC Transmission using Coding Scheme 6  5 The ASTC transmission
method according to this scheme will now be described referring to Figure 5. In 502, information
symbols are arranged for transmission from the first source and the second source. x denotes the
signal transmitted from the i-th source during the j-th 10symbol interval. In 504, the links between the
first source and the relay, and the second source and the relay are activated. The transmission is done
from both sources to the relay over two consecutive symbol intervals t5,1 and tsl. The first source
transmits the symbol x1,1 in ts,, and x12 Tsr2. The second source transmits the symbol x2,1 in tst and
X2,2 in tsp. 



In 506, the symbol sequences transmitted from both sources are received at the two antennae of the
relay station over two consecutive symbol intervals tR,1 and /42. At the first antenna, the symbol
sequence consisting of signals rR,11 and rR,12 are respectively 20 received during the intervals tR,i
and tR,2 At the second antenna, the symbol sequence consisting of the signals ?K21 and r R.22 are
respectively received during the intervals tR,1 and tio.  WO 2010/021597PCT/SG20091000285 55
Assuming perfect synchronization, the signals received by the first and second antenna can be
represented by a matrix rR where  hi.2 -4r1 j_7112 2.2 V2,1 X2.2 n21 n22 _ hioxiJ 4" ht." X2.I + niikixi,,
+111.27],.2 + n12 1 ,..h.2,1x13 + k2,2 x2,1 + n23 h2,1x1,2 + kax, + n" j 5huu denotes the channel
coefficients corresponding to the i-th antenna of the relay station and the k-th source. nu represents
the additive noise present in the received signals at the i-th antenna during the j-th time.     In 508, the
signals rR,11, rk,12 TR,21 and iR,22 can then be arranged for transmission from 10 the relay as Y. Y
can preferably be Alamouti coded as _ Y = Yu Y:, = rtai rR,12 _Y21 Y22ra,2]   The coding scheme
used for this scheme is similar to that used for Coding Schemes 1 to 5 for single-direction relays. This
may have the advantage that the coding operations at 15 the relay node may be carried out in the
analog domain. 



In 510, the symbols yi ] and yi2 are transmitted from the first antenna of the relay respectively over two
consecutive symbol intervals 11t3 and tR,4. The symbols y2] and Y22  56 are transmitted from the
second antenna of the relay respectively over two consecutive symbol intervals tR,3 and tx/.4 In other
words, at the first antenna, the received symbol sequence is re-transmitted 5unchanged, and at the
second antenna, the following operations are carried out before the signals are transmitted: i.the
received symbols 7t.21 and rx22 are conjugated; iinegate the odd-numbered symbols i.e. - reverse the
order of the even and odd-numbered symbols. 10 The operations i. to iii. can be carried out in the
analog domain, an example of which is in the radio frequency circuit, or at the output of the
analog-to-digital converters (ADCs). In 512, the symbol sequence transmitted from the relay is
received at the antenna of 15both destinations over two consecutive symbol intervals tD,1 and tD,2
Assuming symmetric channels, the received signals are Alamouti-coded and can be represented at
each destination as ri ..21k11:142,K r _ R-2  



where K = 1 for the first destination and K = 2 for the second destination. 20 According to the example
embodiment, the first destination can be the same node as the first source, as is the second
destination can be the same node as the second source. Alternative embodiments however are
possible within the scope of the invention as will  WO 2010/021597PCT/SC2009/000285 57 be clear to
a skilled reader, for example where both sources are completely different nodes from the destinations.
At the first destination, after subtracting the signal components related to x11 and 2:1,2" 5i.e., [kJ 1/
12xi,] x1.22 " where 1h2,11 = h2,1 ht the symbol sequence  2,1 - X 1 consisting of signals 7.1,1 and
112 are respectively received during the intervals /DJ and tD,2 and can be represented as
v1,1 and 1/12 respectively represent the additive noise that is present in the signals 10nil arid /tip. At
the second destination, alter subtracting the signal components related to x2,1 and x2,2, 



i.e.,Ih2.2  where h,2 12 =, the symbol sequence           consisting of signals 12,1 and r22 are
respectively received during the intervals z,j and 1540,2 and can be represented as  WO
2010/021597PCT/SG2009/000285 58      v2,1 and v2,2 respectively represent the additive noise that
is present in the signals r2,1 and m2. Using the notation of TK,1 and ix, as well as K = 1 for the first
destination and K = 2 for the second destination, the signals rici and ric, work out to be   



_- * 4,XX X K + h 72* 4- V K .2 22K,1 4,2 n21 +1)K,2 _ K .1 =L-* h",,h,,"        In 514, estimates of the
information symbols '14.,1 andcan then be obtained using a linear operation as 



121121,x12 +14.211h2,K1 2 A,K 1 ,                      i x x.2 10where X (hK,17211 + 4,2 n2; V K,1)-,K(4,tn;
11;4- 1 Kt .2) r*L -17h , ,222 h V Li) + 4,1121.K ktiK.77ir n.K.'7121+* V refers to performing a conjugate
transpose. Cyclic Prefix Insertion 15 The frame structure 700 is arranged for transmission over
multiple symbols. This transmission can be carried out using any one of Coding Schemes 1 to 6. In
order to mitigate the effect of the inter-symbol interference (ISI) caused by frequency selective  WO
2010/021597 



PCT/SC 2009/000285  59 fading, cyclic prefix insertion is performed at the transmitter of the source
and/or the relay station to each of the symbols. Figure 9 shows a method ofinsLing a cyclic prefix. In
902, the information to be 5 transmitted is contained in a symbol sequence xi consisting of N words
denoted by x" where n = 0 ". NA, i.e. [zo "-.] In 904, a cyclic prefix CP of length Ncp is created by
copying the last Ncp words of xi CP = _EcpXA7_2 10 In 906, the cyclic prefix CP is inserted in front of
xi , producing the resultant symbol x2 for transmission  X2 = N cpXJv.2N _1 X0 Xn' X jv Cyclic Prefix
Symbol Conjugation  



15 To perfonu conjugation in the frequency domain as is done by the ASTC schemes, an OFDM
symbol sequence denoted by x/i that is without a cyclic prefix can be reversed and conjugated as time
domain symbols to produce xE. The following mapping can be used:  (n), when n =0 - 72),otherwise
60 XR = [X0 XALA X,"  X11 XB is conjugated in the time domain to produce   4 is a valid OFDIM.
symbol without a cyclic prefix. When an N-point discrete Fourier 5 transform (DFT) is perfoimed on 4,
the format will be maintained because of the reversal in the order of the word sequence. In an
alternative embodiment, to achieve the conjugation in frequency domain required by the ASTC
schemes, an OFDM symbol sequence 14 comprising a cyclic prefix of the 10 length Ncp and N words
can be reversed and conjugated as time domain symbols to produce x3. The following mapping can
be used: 13(12)- xA (N, n -1)   where x4 (n) and xe (n)respectively denote the n-th word in the symbols
14 and XE. NA 15 is the number of words in 14 such that NA = N+ Ncp. The resultant x3 will be a
reversal of 14, i.e. XR =X0 AW-1 xN-2    Xy_ticpi The resultant 13 is conjugated in the time domain to
produce 4. 204 is a valid OFDM symbol with a cyclic prefix. When an N-point discrete Fourier 



transform (DFT) is performed on 4 , the format will be maintained because of the  61 reversal in the
order of the word sequence. Therefore, the inter-symbol interference (IS!) mitigation property
maintains. When conjugation is performed in the time domain to produce xl , the corresponding 5
frequency domain sequence for xB will be X* (Ic)w,("-AmP-1) = i.e., the phase-shifted conjugate
sequence.           The symbol conjugation method makes use of the Discrete Fourier Transfo 10(DPI')
properties of:  Linearity: ax(n)+by(n)<* aX(k)+ bY(k);  Cyclic Shift x(01+ nON)W2S712nX(k);
Symmetry x*((-n)N)(1)     where we use x(n) and y(n) to denote the time domain sequence, X(k) and
Y(ic) 15 their corresponding frequency domain sequence, Ar the DFT size, and Fftiv expi- j 2z :\   The
symbol conjugation method may have the advantage that only analog domain processing has to be
done at the relay, and only linear processing has to be done for 20 maximum likelihood decoding at
the destination for each subcarrier. Cyclic Prefix Scheme 1   WO 20101021597PCT/SG200910002-85
62 



Figure 10 shows a scheme for inserting cyclic prefixes according to the example embodiment. Let x be
the symbol sequence that is to be transmitted. 5In 1002, the source derives a first cyclic prefix
(denoted CPO with length v,1 such that rep, ->- max{rs..Ri} Srepresents the maximum delay spread
from the source to the i-th relay antenna (denoted here as Ri ) in terms of number of sample durations.
In 1004, the source inserts CPI in front of x. and then transmits the resultant symbol 10sequence [CP,
x. In 1006, the relay station receives [CP,'     In 1008, after performing time synchronization, the CPL
portion with length v0i,1 ill 15 each OFDIvl symbol is removed leaving x' In 1010, if no signal
conjugation is needed, a second cyclic prefix (denoted CP2) with length rcr2 max {7} is derived from x'
for each OFDM symbol and inserted in front of x', resulting in the sequence [CP2 xi. When the
antennas are distributed across 20multiple relays, rcp, is chosen such thatTer, max{rm-,4) , R2-0 %...
%r R1-0RNI -0) i.e. ra,, represents the maximum delay spread from the i-th relay (i.e. Ri) to the
destination in terms of the number of sample durations. Arr denotes the number of antenna or
antennae present at the relay station.  63 In 1012, if signal conjugation is needed, the OFDM symbol
sequence is reordered according to Ix, (n) X Otxm W 



, when n =0 , otherwise  5where x1, = [x'], NA.0, denotes the length of xt" , and ii =xtn -1.  The
conjugate of xe", is then derived and denoted as x*Ene . A second cyclic prefix (denoted CP2) with
length ya,2 is then derived from x: and inserted ahead of x" resulting in the sequence [CP2 x,1. 10In
1014, other necessary steps for the ASTC implementation at the relay station performed and then the
symbol sequence of either [CP2 xi] or [CP2 x:"] is transmitted to the destination. In 1016, the
destination receives either [CP2'or [CP2 X] After frame 15 synchronization, the destination removes
the CP; with length yr in each OFDM symbol. In 1018, the destination performs the ASTC decoding in
the frequency domain. 20 Cyclic Prefix Scheme 2  The maximum delay spread of the source to relay
station channels is denoted as ys,R sample durations, and the maximum delay spread of the relay
station to destination  64 channels is denoted as Tsample durations. The delay spread of the product
channel is denoted by Tp where E.? = TS-+R + R-4D= max frs."),= max 



Figure 11 shows an alternative scheme for inserting cyclic prefixes according to the example
embodiment. Let x be the symbol sequence that is to be transmitted In 1102, the source derives a first
cyclic prefix (denoted CPI) with length Ten r.4- V. In order to completely mitigate the ISI, von should
not be shorter than -rp 10In 1104, the source inserts CPI into x. and then transmits the resultant
symbol sequence [CP, xl. In 1106, the relay station receives {CP:In step 1108, after performing time
synchronization, the first vs,R symbols in the CP: portion of each OFDIV1 symbol is 15 removed,
leaving a sequence represented as [CP2'The resulting OFDM symbol will then have NR= N + en or
NR= N + rT, - z-5_,R signals.   In step 1110, if no signal conjugation is needed, no processing is done.
In step 1112, if signal conjugation is needed, the OFDM symbol sequence is reversed to produce the
20 output sequence X0Ill @Orr'n - 1)  65 where xi" = [CP;NE denotes the length of [CP; x'] , and n =
0,1;  ,NR -1. The conjugate of x,,Re is then derived and denoted as    In 1114, other necessary steps
for the ASTC implementation at the relay station are 5 performed and then the symbol sequence of
either {CP2 xl or Vo,"1 is transmitted to the destination. In 1116, the destination receives either [CP2"
x"] or [C," I. After frame synchronization, the destination removes the CP.' with length Tcp2 =s_tiz from
each OFDM 



10symbol In 1118, ASTC decoding is performed in the frequency domain. Alternative embodiments
may have more than two antennas at the relay station, in 15 which case antenna selection can be
adopted. Only two antennas are selected to implement the proposed schemes based on pre-defined
selection criteria, e.g., best product channel 5NR, etc.   Alternative embodiments may also have
multiple relay stations where relay selection 20can be perfoinied in which one relay station is selected
to implement the proposed schemes based on pre-determined selection criteria, e.g., best product
channel SNR, etc.  66 Alternative embodiments may also have multiple relay stations where
Coordinated Delay ASTC is implemented at each relay station, and the coordinated delays are applied
at different relay station. In this case, the delay durations applied at the different relay station is a
design parameter obtained from a central control. This embodiment 5 may have the advantage that
the carrier frequencies do not have to be orthogonal and thus signal collisions will not occur.   A further
possibility is to implement cooperation using at least two relay stations. Using Code Schemes 1 to 3,
information passing is implemented between the at least two relay 10stations and the at least two relay
stations can then participate in the ASTC transmission. Although the described embodiment does not
include power scaling at the source and relay nodes, but this may be employed depending on the type
of deployment. For example, the power scaling may be incorporated in the channel estimation and
therefore 15it is transparent to the above proposed schemes. While example embodiments of the
invention have been described in detail, many variations are possible within the scope of the invention
as will be clear to a skilled reader. 20  



MCSLIP  67 - CLAIMS 1An analog space-time relay method for a wireless communication relay
channel,   the wireless communication relay channel including first and second relay antennas
arranged to relay an information signal transmitted from a source station to a destination 5station, the
method comprising the steps of: (i) receiving a first symbol sequence at the first relay antenna, the lust
symbol sequence comprising the information signal and a first noise clement; 10(ii) receiving a second
symbol sequence at the second relay antenna, the second symbol sequence comprising the
information sigial and a second noise element;  (iii) transmitting a first signal by the first relay antenna,
the first signal being associated with the second symbol sequence received at the second relay
antenna;- 15  (iv) transmitting a second signal by the second relay antenna, the second signal being
associated with the fast symbol sequence received at the first relay antenna. An analog spade-time
relay method according to claim I, wherein the second 20symbol sequence includes 8. complex
conjugate of the information signal, and the method further comprises the step of negating the
complex conjugate of the information signal for deriving the first signal.  M CS LL P 



68 3.An analog space-time relay method according to claim 2, further comprising the step of
combining the negated complex conjugate of the information signal and the first s>/mhol sequel-Abe
for deriving the first signal. 54.An analog space-thus:relay method according to any preceding claim,
further comprising the step of combining the first and second symbol sequences to obtain the second
signal. 5. An analog space-time relay method according to any preceding claim, further I 0comprising
the step o ',encoding the first and second signals using Alamouti coding prior to the respective
transmissions. 6. An analog space-time relay method according to claim 1, wherein the information
symbol includes at least one training signal and the method further 15comprises the steps of: encoding
the first and second received symbol sequences using Alamouti coding to obtain the first and second
signals for =mission by the respective relay antennas. 7. An analog space-time relay method
according to claim 6, further comprising the step of, at the destination station, negating the first and
second signals to obtain channel estimates for the wireless communication relay channel.  MC SUP 



69 8.An analog space-time relay method according to claim 6 or 7, further comprising the step of, at
the destination station, calculating a mean of the first and second signals to obtain channel estimates
for the wireless communication relay channel. 59.An analog space-time relay method according to
claim 1, wherein the inionnation symbol includes two consecutive symbols. 10.An analog space-time
relay method according to claim 9, wherein the first      symbol sequence includes a combination of the
two consecutive symbols and the second 10symbol sequence includes a difference or the two
consecutive symbols. 11An analog space-time relay method according to claim 10, further comprising
the steps or, combining the first and second symbol sequence for deriving the first signal for the first
relay antenna; combining the first and second symbol sequence at the 15second relay antenna for
deriving the second siwuil for the second relay antenna.      An analog space-tinie relay method
according to claim 11, further comprising the stops of encoding the combined first and second symbol
sequences using Alanthuti coding to form the first and second signals for transmission by the
respective relay 20antennas. 13.An analog space-time relay method according to claim I, wherein the
information symbol includes at least one training signal, and the first signal includes a conjugate of the
second symbol sequence received at the second relay antenna.  70  14. An analog space-Lime relay
method according to claim 13, further comprising the stilt of: se-transmitting the first symbol sequence
by the first relay antenna at a symbol interval different from the transmission of the first signal. 



5  15. An analog space-time relay method according to claim 13 or 14, wherein the second signal
includes a negative conjugate of the first symbol sequence received at the first relay antenna, 1016.An
analog space-time relay method according to claim 15, further comprising the step of: re-transmitting
the second symbol sequence by the second relay antenna at a symbol interval different from the
transmission of the second signal. 17,An analog space-time relay method according to any of claims
13-16, further 15comprising the step of, at the destination station, negating the first and second signals
to obtain channel estimates for the wireless communication relay channel. An analog space-time relay
method according lo any of claims 13-17, further comprising the step of, at the destination station,
calculating a mean of the first and 20second signals to obtain channel estimates for the wireless
communication relay channel. 19.An analog space-time relay method according to any of
claimswherein the first symbol sequence is re-transmitted by the first relay antenna over first and
second symbols intervals, and the method further comprises the step of transmitting a  MCSLLP  71
negative conjugate of the second symbol sequence received at the second relay antenna 



over a third symbol interval. 20An analog space-time relay method aceording to claim 19, wherein the
first 5signal is transmitted over a fourth symbol interval.  21. An analog space-time relay method
according to claim 20, further comprising the steps of, simultaneously, transmitting a negative second
symbol sequence by the second relay antenna over the first symbol interval and re-transmitting the
second 10 symbol Seq LIMO by the second relay antenna over the second symbol interval;  22. An
analog space-time relay method according to claim 2), wherein the second signal which includes the
negative conjugate of the first symbol sequence is transmitted over the third and fourth symbol
intervals. 15  23. An analog space-time relay method according to claim I, wherein the information
symbol includes oven number of symbols.  24. An analog space-time relay method according to claim
23, further comprising 20the step of combining the -first and second symbol sequences to obtain the
rust and second signals at the respective antennas.  25An analog space-time relay method according
to any of claims 23-25, further comprising the step of encoding the first and second signals using
Alamouti coding prior to the respective transmissions. 526.An analog space-time relay method
according to claim 1, further comprising the steps of combining the first and second symbol sequences
to form the first signal and transmitting the first signal over a first symbol interval.    27. An analog
space-time relay Method according to claim 26, further comprising 10the steps of: negating the first
signal; and transmitting the negated first signal over a. 



second symbol interval.     28. An analog space-lime relay method according to claim 27, further
comprising the steps of obtaining a complex conjugate of the first signal; and transmitting the 15
complex conjugate of the that signal over a third and fourth symbol interval.  29. An analog space-time
relay method according to any of claims 26-2g, further comp sing the stops of, simultaneously,
combining the first and second sequences to form the second signal, obtaining a complex conjugate of
the second signal, negating 20 the complex conjugate of the second signal, and transmitting the
negated complex conjugate of the second signal over the first and second symbol intervals. 30. An
analog space-time relay method according to claim 29, wherein the second signal is transmitted over
the third symbol interval.  MCSIAP  73  31. An analog space-time relay method according to claim 30,
fin-liter comprising the stops of negating the second signal and transmitting the negated second signal
over a fourth symbol interval. 5  32. An analog space-time relay method for a wireless communication
relay channel, the wireless communication relay channel including first and second relay antennas
arranged to relayian information signal transmitted from a source station to a destination station, the
method comprising the Steps of: 10 (i) receiving a first symbol sequence at the first relay antenna and
the first relay antenna retransmitting the first symbol sequence as a first signal, the first symbol
sequence comprising the information sianal and a first noise Clement; 15(ii) receiving a second symbol
sequence at the second relay antenna, the second symbol sequence comprising the information signal
and a second noise element; (iii) transmitting a second signal by the second relay antenna, the second
signal being a reordering of the second symbol sequence. 



20 33. An analog space-time relay method according to claim 32, wherein the second signal is a
reversal in the order of the second symbol sequence.  MG SUP  74 34.An analog space-time relay
method according to claim 32 or 33, further comprisiag the step of obtaining a complex eorklugato of
the reordered second symbol sequence. 535.An analog space-time relay method according to claim
34, further comprising the step of negating odd numbered symbols of the complex-conjugated
reordered second symbol sequence.    36. An analog. space-time relay method according to claim 35,
further comprising 10 the step of reversing the order of the even and odd numbered symbols of the
complex conjugate second symbol sequence to form the second signal   37. An analog space:time
relay method according to ally of claims 32 to 36, further comprising the step of encoding the first and
second signals using A lamouti coding 15prior to the respective transmissions. 3,An analog space-time
relay method according to claim 32, wherein the information signal includes a first training signal and a
second training signal, the second training signal being a negation of the first training signal 20 39.An
analog space-time relay method according to claim 38, father comprising the steps of transmitting the
first training signal over a first symbol interval and transmitting the second training signal over a
second symbol interval, the second symbol interval occurring after the first symbol interval.  



75 43.An analog spnec-time relay method according to claim 38 oc 39, further  comprising the step of,
at the destination station, negating the first and second signals to obtain channel estimates for the
wireless communication relay channel. 5 4 IAn analog space-time relay method according to any of
claims 38 to 40, fin-ther comprising the step of at the destination station, calculating a mean of the first
int.1 second signals to obtain channel estimates for the wireless communication relay channel. 10
42An analog space-lime relay method according to any preceding claim, wherein the information
symbol is modulated using 014DM. 43.An analog space-time relay method according to any of claim
1-4 wherein the information symbol is modulated using Single Carrier - Cyclic Prefix. 15 44.An analog
space-time relay method according to any preceding claims, wherein the first and second signals are
coded using a coding matrix based on the number of antennas at the relay station. 2045.An analog
space-time relay method according to any preceding claim, further comprising the step of performing
linear processing at the destination station. 46.Au analog space-time relay method according to any
preceding ciiaim, wherein the first and second antennas are located at the same relay station, 



MCSLLP  76 47.An analog, space-time relay method according to any of claims I to 46 wherein the
first and second antennas are located at different relay stations. 548.An analog space-time relay
method according to any preceding claim, wherein the lira noise clement includes additive noise of the
communication relay channel.  49. An analog space-time relay method according to any preceding
claim, wherein the second noise element includes additive noise of the communication relay channel.
10 50. An analog spacc-time relay method according to any of claims I to 49, wherein the information
signal from the scarce further comprises a cyclic prefix, and wherein the method further comprises the
step of removing part of the cyclic prefix at the relay station; and transmitting the remaining part of the
cyclic prefix with the first signal or 15the second signal to the destination.  51. Au analog space-time
relay method according to any of claims 1 to 49, wherein - the information signal from the source
further comprises a cyclic prefix, and wherein the method farther comprises the steps o,. 20removing
the cyclic prefix at the relay station; generating a second cyclic prefix at the relay station; arid
appending the second cyclic prefix to the first signal or the second signal for transmission to the
destination.  



52.An analog space-time relay method according to any preceding claim, wherein the first symbol
sequence farther comprises a further information signal transmitted from a further Source, station
destined for a further destination station. 553.An analog space-time relay method according to any of
claims 1 to 51, wherein rho second symbol sequence further comprises a further information signal
transmitted from a ("tartly:in-source station destined for a further destination station. 54.An analog
space-time relay method according to claim 52 or 53, wherein the 10information signal comprises a
first header and the further information signal comprises a second header, a cress-correlation value
obtained by correlating the first header and the second header with no offset is equal to a
cross-correlation value obtained by correlating the first and the second header with offset greater than
zero. 1555.Apparatus for perfonning analog space-time relay of an information signal transmitted from
a source station to a destination station over a wireless communication relay channel, the apparatus
comprising:       (i) a first relay antenna configured to receive a first symbol sequence which includes
the 20information signal and a first noise element; and  (ii) a sccond relay antenna configured to
receive a second symbol sequence which includes the information sigial and a second noise element;
MCSLIP  78 wherria, the first antenna is configured to transmit a first signal which is associated with
the second symbol sequence received at the second relay antenna; and wherein the second antenna
is eon waged to transmit a second signal which is associated with the first symbol sequence received
at the first relay antenna. 5 



56. Apparatus for performing analog spacc4ime relay elan information signal transmitted from a source
clarion to a destination station Over a wireless COMMunication relay channel, the apparatus
comprising: 10(i) a first relay antenna configured to receive a first symbol sequence and to retransmit
the first symbol sequence as a first signal, the first symbol sequence comprising the information signal
and a lint noise element; (ii) u second relay antenna configured to receive a second symbol sequence
which 15includes the information signal ancl a second noise element; the second relay antenna further
configured to transmit a second signal which is a reordering of the second symbol sequence.  57.
Apparatus according to claim 55 or 56, wherein the apparatus is in the form of a 20relay station and
the first and second antennas are co-located at the relay station.  58. Apparatus according to claim 55
or 56 wherein the apparatus includes two relay stations and the first and second antennas are located
at separate relay stations.  79  59. Apparatus according to any of claims 55 to 58, wherein the
information signal from the source further: comprises a cyclic prefix, the apparatus further comprising:
5a processing unit for removing part of the cyclic prefix at the relay station; and a transmitter for
transmitting the remaining part of the cyclic pncifix and the message to the destination.  60. Apparatus
according to any of claims 55 to 58, wherein the information signal ICfrom the source further
comprises a cyclic prefix, the apparatus further comprising: a processing unit configured to romove the
cyclic prefix, generate a second cyclic prefix, 



append the second cyclic prefix to the message; and transmit the message with the appended second
cyclic prefix to the destination. 




