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1. Introduction
In E-UTRA, open loop block-code based transmit diversity (STBC or SFBC) are considered as candidate schemes [1-4]. In this document, we propose an extension of STBC/SFBC: Repetitive Space Time Block Coding (R-STBC). This allows more flexible time-frequency resource allocation, in particular when there are an odd number of time-frequency symbols for resource allocation. 

2. Repetitive Space Time Block Coding 
The well-known STBC scheme for two TX antennas is Alamouti STBC [5], which encodes two continuous complex symbols 
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 in the signal format shown in Fig.1. (where the superscript * denotes conjugation.)
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Fig.1 Space Time Block Coding
STBC can be applied to OFDM as an attractive solution in multi-path fading environments [6].  To further exploit the time and frequency resource available in the channel, we propose to extend the orthogonal coding from two contiguous time units to three units. In this manner, R-STBC extends STBC into more a flexible signal format as shown in Fig.2. 
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Fig.2 Signal format of Repetitive Space Time Block Coding

The same approach can be applied to adjacent symbols in the frequency domain to form a R-SFBC.

R-STBC can make the time-frequency resource allocation more flexible, especially when there are an odd number of time-frequency symbols for resource allocation in one resource block. An example is shown in Fig.3, where the spacing in the frequency domain between reference symbols of the same OFDM symbol and antenna is six sub-carriers, and the orthogonality between reference signals of different TX antennas is created by means of FDM. It can be seen that R-STBC scheme makes use of the time-frequency units at the 3rd and 6th sub-carriers of the 7th OFDM symbol, which are the cases that cannot easily be handled by conventional STBC (or SFBC).
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Fig.3 Time-frequency resource allocation using R-STBC

The advantage of R-STBC can confirmed by a simple analysis. In Fig.2, let us assume that the channel response between two adjacent OFDM symbols and two sub-carriers remains invariant, i.e.
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where m denotes the index of MIMO channels, i denotes the index of OFDM symbols and j denotes the index of sub-carriers of an OFDM symbol. Then, the received symbol corresponding to the 1st sub-carrier of the 1st OFDM symbol can be written as
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Likewise, the received symbol corresponding to the 1st sub-carrier of the 2nd OFDM symbol is
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and the received symbol corresponding to the 1st sub-carrier of 3rd OFDM symbol is
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According to equation (4), the combination of 
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 is computed as
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Finally, transmitted symbols b1 and b2 can be decoded by
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and the signal to noise ratio becomes
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It can be seen from Equations (8) and (9) that the SNR of R-STBC is greater than conventional STBC and hence achieves better robustness. Antenna diversity is maintained, but the code rate is reduced to 2/3 for the symbols where this technique is applied.

3. Conclusions
In this document, we propose the use of repetition to extend STBC (or SFBC). We refer to this as R-STBC (or R-RFBC). It can flexibly tackle the situations when only an odd number of time-frequency units are available for resource allocation, and provides better robustness than STBC. Therefore R-ST/FBC is especially suitable for control signalling, where there may be constraints on the number of symbols available for resource allocation, and the additional reliability provided by the lower code rate is desirable.

4. References
[1] 3GPP TR 25.814, “Physical Layer Aspects for Evolved UTRA.” V7.0.0 (2006-06)
[2] R1-061095, “Basic Schemes of Downlink MIMO Channel Transmissions for E-UTRA” RAN WG1, 3GPP TSGR1#44bis (06) Athens, Greece, March 27 – 31, 2006
[3] R1-061207, “Interference and Open Loop Transmit Diversity Reception (with TP)” Motorola, 3GPP TSGR1#45(06) Shanghai, China, May 8-12, 2006
[4] R1-061577, “TP on Cyclic Delay Diversity for Scheduling Gains” Samsung, ETRI, NTTDoCoMo, Intel, 3GPP TSGR1#45(06) Shanghai, China, May 8-12, 2006
[5] S.Alamouti, “A simple transmit diversity technique for wireless communications,” IEEE J. Select. Areas Commun., vol.16, pp.1451-1458, Oct.,1998
[6] Lee, K.F.; Williams, D.B., “A space-time coded transmitter diversity technique for frequency selective fading channels,” Sensor Array and Multichannel Signal Processing Workshop. 2000. Proceedings of the 2000 IEEE16-17 March 2000 Page(s): 149 – 152













































































































_1214315191.unknown

_1216133751.unknown

_1216210088.unknown

_1216210396.unknown

_1217697066.doc
[image: image1.wmf]D


D


R


R


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


R


R


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


Antenna 1


Frequency


Time


Frequency


Time


N


N


N


N


Antenna 2


[image: image2.wmf]D


D


R


R


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


R


R


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


Antenna 1


Frequency


Time


Frequency


Time


N


N


N


N


Antenna 2




(R denotes the reference symbol, D denotes data and N denotes null)
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