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STTD applied to Broadcast channels of the TDD mode





1	Introduction 


STTD was proposed in WG#5 as an open loop transmit diversity technique for the TDD mode. However, the proposal implied a substantial complexity increase of the receiver when a Joint Detector was used. This document contains a modified STTD scheme which has a small complexity impact to any receiver structure (i.e. Joint Detector or Interference Cancellator).





STTD


Document [1] proposed to perform STTD encoding  symbol by symbol at the transmitter (� REF _Ref446236175 \h ��Figure 1�). However this scheme required the detection of the symbols transmitted and their conjugates.





�


Figure � SEQ Figure \* ARABIC �1�: STTD transmitter





This system can be represented by the following equations [1]:





�EMBED Equation.3���  ……………………..(1)





where 


d is the data symbol sequence to be transmitted


* represents the complex conjugate


n is the AWGN at the input of the receiver


e is the received sequence after channel filtering


A and B are the matrix used to represent a system using joint detection at the receiver [2]





From equation (1) it can be seen that this implementation of STTD required to use the received sequence e and its complex conjugate e* to estimate the transmitted symbols. This implies a multiplication by a factor 2 of the system size at the receiver. Note that a system not using STTD will have a matrix representation only involving e and d.





�
The modified STTD


� REF _Ref456073566 \h ��Figure 2� shows a system only using one antenna to transmit information. � REF _Ref456069023 \h ��Figure 3� shows the modified STTD scheme: 





�


Figure � SEQ Figure \* ARABIC �2�: Single Tx antenna TDD mode transceiver





The system described in � REF _Ref456073566 \h ��Figure 2� can be modelled by the following equation:





�EMBED Equation.3���……………………………(2)





�


Figure � SEQ Figure \* ARABIC �3�: Modified STTD scheme


The system described in � REF _Ref456069023 \h ��Figure 3� can be modelled by a similar matrix equation to (1), involving the received data and its conjugate. However, considering that the length of the blocks Dataii is much longer than the delay spread of the channel, the model can be simplified to the following :





�EMBED Equation.3���…………………..(3)





where Dataii and Recii are represented in � REF _Ref456069023 \h ��Figure 3� and C and D are matrix having representing the symbol spreading and channel propagation [2]. It has to be noted that this simplified system cannot remove the interference between adjacent blocks transmitted by different antennas (i.e. Data11 with Data11* and Data12,-Data12* with Data 11* and Data12,…). However, the degradation introduced by this is very small compared with the complexity reduction achieved (the system has the same size as the single Tx antenna case).





Modified STTD performance results can be found in [3]. These results show 2.5 dB gain in indoor environments and 0.5 dB in Vehicular environments.





Application of the scheme


The proposed scheme, as an open loop scheme, could be used for data channels of users having high speeds. However, assuming a Joint Detection/Interference cancellation at the UE, this will imply that all the users in the same slot would have to be informed by the NodeB about which users are using STTD to correctly decode information. This requires a significant amount of extra signalling and we believe that is not acceptable.





However, the modified STTD scheme can bring significant BER performance improvement for common channels. These kind of channels will have fixed positions in the frame and users can directly assume STTD encoding for these channels. Modified STTD will require a different midamble to be used in each of the Tx antennas.
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