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Transmit Diversity Schemes applied to the TDD mode

Introduction

Downlink transmit antenna diversity schemes have been intensively discussed when applied to the UMTS-FDD mode. This document introduces the implementation of those diversity schemes in the UMTS-TDD mode. Raw BER performance comparison of the different techniques (TSTD, STD and TxAA) are presented under several propagation conditions.

Transmit Diversity techniques

Transmit Diversity techniques are divided into open loop techniques and closed loop techniques. Contrary to FDD systems where a feedback channel between the MS and the BS is needed to allow the implementation of closed loop techniques, in TDD systems -if uplink/downlink channel reciprocity is assumed- this feedback channel is not required.

In the UMTS-TDD mode there is a delay between uplink slots and downlink slots which depends on the switching point configuration. Closed loop techniques performance at ‘moderate’ user speeds will strongly depend on this delay. The shorter is the delay between the UL and DL slots, the higher are the MS speeds that benefit from closed loop diversity schemes. Therefore, multiple switching point configurations having the shortest delay between UL and DL slots will exhibit better raw BER performance.

2.1
Open Loop techniques

Time Switched Transmit Diversity (TSTD) can be easily implemented in the UMTS TDD mode. No extra channel estimations are needed at the MS when all the users in a slot are transmitted using the same antenna. However, performance of this scheme on coded data can be quite sensitive to switching patterns and interleaving schemes.

This document only presents raw BER results. Therefore, TSTD performance is the same as single antenna performance and no assumptions have been made on switching and interleaving.

2.2
Closed Loop techniques

Implementation of closed loop techniques plus Joint Detection needs the implementation of multiuser channel estimation at the MS. This can be done using the same method as in the uplink. Complexity introduced at the MS is not significant (channels are estimated by means of an FFT). However, when there are more than 4 users in the same slot, the Burst type 1 will have to be used to provide long enough midambles to perform such a number of channel estimations.

Two different closed loop techniques have been studied:

- Selection Transmit Diversity (STD): The antenna having the best Uplink propagation conditions (highest received signal strength) is selected for each user. 

- Transmit Adaptive Antennas (TxAA): The BS uses midamble sent by the MS to separately estimate the channels seen from each antenna for each one of the users. Before transmission of the DL slot, the BS estimates the weight that should be applied to each user’s information to maximize the MS received power (1). Weight estimation is performed using the most recent uplink channel estimation available at the BS. 

P=wHHHHw





(1)
where

H=(h1  h2 …(
and where the column vector hi represents the estimated channel impulse response for the i’th transmission antenna.

It can be demonstrated that the optimal weight that maximize (1) is the eigen-vector associated to the maximal eigen-value of the matrix HHH. For the flat fading case, the optimum weight is simply the complex conjugate of the channel. 

3
Simulation results
In the following raw BER performance of the different transmit Diversity techniques will be compared in several scenarios: ETRIA, ETRPA and ETRVA. Simulations have been performed under the following assumptions:

· 4 users

· Burst Type 1

· MMSE Joint Detector

· One antenna at the receiver

· One code per user per frame

· UL and DL slots separated by 5ms (half frame)

· Perfect knowledge of the UL channels to perform weight estimation or antenna selection

3.1
Indoor A Channel
Results given in Figure 1 (perfect channel knowledge at the MS) and Figure 3 (midamble channel estimation at the MS) show that at BER=10-2 STD brings 4dB gain compared to the single antenna case and that TxAA brings 6dB gain.
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Figure 1: ETRIA ideal channel estimation
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Figure 3: ETRIA midamble channel estimation

3.2
Pedestrian A Channel

Results given in Figure 4 (perfect channel knowledge at the MS) show that at BER=10-2 STD brings 3dB gain compared to the single antenna case and that TxAA brings 5dB gain.
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Figure 4: ETRPA ideal channel estimation

Results given in Figure 5 (midamble channel estimation at the MS) shows that at BER=10-2 STD brings 4dB gain compared to the single antenna case and that TxAA brings 6dB gain.
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Figure 5: ETRPA midamble channel estimation

Figure 6 analyses system performance at Eb/No=10dB vs user speed (supposing a 5ms delay between the UL slot and the DL slot) in a Pedestrian A channel. It can be seen that the crossing points between the single antenna case and the STD and TxAA are 22Km/h and 28 Km/h. 
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Figure 6: ETRPA Eb/No=10dB midamble channel estimation

3.3
Vehicular A Channel

Results given Figure 7 (ideal channel estimation) and Figure 8 (midamble channel estimation) show that at BER=10-2 STD brings only 1dB gain compared to the single antenna case.
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Figure 7: ETRVA Ideal channel estimation
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Figure 8: ETRVA midamble channel estimation

Results given Figure 9 (ideal channel estimation) and Figure 10 (midamble channel estimation) show that at BER=10-2 TxAA brings at most 2.2dB gain compared to the single antenna case in a Vehicular A channel.
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Figure 9: ETRVA ideal channel estimation
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Figure 10: ETRVA midamble channel estimation

Figure 12 analyses system performance at Eb/No=8dB vs user speed (supposing a 5ms delay between the UL slot and the DL slot) in a Vehicular A channel. It can be seen that the crossing points between the single antenna case and the STD and TxAA are 12Km/h and 22 Km/h. 
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Figure 12: ETRVA Eb/No=8dB midamble channel estimation

4
Conclusion

This contribution has shown that closed loop techniques bring significant improvement of system performance in all scenarios. In indoor and pedestrian channels STD brings 4dB gain and TxAA 6dB gain in raw BER performance. Improvement obtained in vehicular channels is somehow smaller since these kind of channels have more frequency diversity (STD bring 1dB and TxAA 2dB).

It is obvious that implementation of closed loop techniques in the TDD mode does not need standarisation if uplink/downlink channel reciprocity is assumed. However, some features have to be standarised to enable future implementation of these schemes:

-Multiple switching points will reduce performance degradation when user speed increases.

-Multiuser channel estimation at the mobile station has to be implemented.
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