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Transmit Diversity Schemes applied to the TDD mode (II)

1
Introduction

Performance of Downlink Transmit Diversity schemes when applied to the TDD mode were presented in [1]. It was shown that in Indoor and Pedestrian channels TxAA brings 5 dB performance improvement and STD 3dB. However, both techniques need the implementation of multiple channel estimations at the UE leading to some complexity increase of UEs. Furthermore, the use of long midamble codes is required in the case where there are more than 3 users in the same slot leading to some downlink capacity reduction.

This contribution presents a new transmit diversity scheme which uses the information of the downlink channel but it does not need multiple channel estimations at the UE. The contribution intends to compare performance between this new scheme and TxAA / STD. Furthermore, channel estimation complexity figures given in [2] are revised and are presented again to give enough inputs to decide which is the Tx diversity scheme showing the best performance / complexity compromise. 

2
Phase Alignment Transmit Diversity (PATD)

Consider the case where a TDD system is broadcasting a downlink signal using an antenna array of two elements. Each user experiences a different channel from each of the antennas and furthermore these channels are independent between the users. For simplicity we will introduce the concept supposing uncorrelated Rayleigh Flat Fading channels.
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Figure 1: Combination of transmitted signals for different user locations.

As shown in Figure 1, combining the signals coming from the two antennas results in a third vector. However, if the phase of the transmitted signal in one antenna is rotated, this third vector follows the plotted circle. Moreover, the variation of the circle will be obviously at the same rate for all the users but not at the same starting point (which corresponds to the initial phase of the channel for each antenna). The problem consists on the following: how can the received power by each user be optimised for all the users at the same time using a single weight (phase) in the second antenna (Figure 2).
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Figure 2: Phase alignment Transmit Diversity

The optimum weight (phase) is the angle that maximises the product criteria stated below:
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where K is the number of Downlink users in a slot and Pi is the power received by the user i.

The weight can be easily calculated using the following:
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where C is a constant and (1i is the propagation channel between the antenna 1 and the user i.

All ( are known at the base station. Thus the optimum ( can be found introducing different values of ( in the previous formula (for example each 5°) and comparing the resulting P(() to find the maximum.

In the case where a multipath channel is found, the previous criteria is applied to the strongest path.

The advantage of PATD over TxAA and STD is that it does not require multiple channel estimations at the UE. Therefore, no extra complexity is introduced at the UE and short midamble sequences can be used (same downlink throughput as the single antenna system).

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 show that at a BER of 2% TxAA brings 4.8 dB gain, STD 2.8 dB gain and PATD 3.2 dB gain compared to the single antenna case.
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Figure 1: ETRIA midamble channel estimation

3.2
Pedestrian A Channel

Results given in Figure 2 show that at a BER of 2% TxAA brings 5 dB gain, STD 3 dB gain and PATD 3.4 dB gain compared to the single antenna case.
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Figure 2: ETRPA midamble channel estimation

3.3
Vehicular A Channel

Results given in Figure 3 show that at a BER of 2% TxAA brings 2.2 dB gain, STD 0.8 dB gain and PATD 1.3 dB gain compared to the single antenna case.
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Figure 3: ETRVA midamble channel estimation

4 Channel estimation algorithm Complexity analysis

Previous sections compared  performance of the different Tx diversity schemes. In the following, complexity of the multiple channel estimation algorithm required at the UE by TxAA and STD will be analysed. That will be compared to the complexity of single channel estimation using short midambles (complexity required at the UE in the single antenna case an PATD).

4.1
Complexity of a DFT of 456 points

The Multiple channel estimation algorithm requires 2 DFTs of 456 points [4] when long midambles are used. In document [2] a preliminary analysis of the complexity of that DFT was presented. Figures presented there have been reviewed according some new bibliography [5], [6] showing that it is possible to implement efficient FFT algorithms for any block length.

456 can be decomposed as follows: 


456=8*56=8*3*19

The Cooley-Tukey algorithm [5] states that if Z=X*Y, the FFT of Z can be computed by means of X FFT of Y points and Y FFTs of X points. Therefore, the FFT of 456 is computed by the means of:

FFT of 456 points = 24 FFTs of 19 points + 152 FFTs of 3 points + 56 FFTs of 8 points.

Table 1 summarises the number of operations required to perform these FFTs. This figures can be found in [5] and [6].


Number of Real Mults
Number of Real Adds

FFT of 3 points
4
12

FFT of 8 points
16
52

FFT of 19 poins
76
404

DFT of 456 points
3328
14432

Table 1 : Real operations required for different DFT lengths

4.2 Complexity of the multiple channel estimation algorithm

The multiple channel estimation algorithm is composed by the following steps [3], [4]:

· DFT length 456 of the midamble.

· Multiply the resulting 456 points by 456 complex weights.

· Inverse DFT

Table 2 summarises the complexity of the algorithm:


Number of Real Mults
Number of Real Adds

DFT of 456 points
3328
14432

Weighting
1824
912

IDFT of 456 points
3328
14432

Total Complexity
8480
29776

Table 2: Compexity of the multiple channel estimation algorithm

4.3 Complexity of the single channel estimation algorithm

The single channel estimation algorithm is implemented by correlating the received midamble sequence with the original midamble sequence. The length of the sequence is 192 chips and the correlation is done in a window of 57 chips. The length of the window is chosen to produce a channel estimation having the same length as the channel estimations obtained with the multiple channel estimation algorithm.

The midamble sequence is a sequence having the following sructure [4]:


mid(q) = seq(q)*jq

where seq is either 1 or –1

Therefore, the channel estimation algorithm will only need to perform additions since all multiplications are trivial. Table 3 summarises the complexity of the algorithm:


Number of Real Adds

Correlation of length 192
384

Channel estimation of length 57 chips
21888

Table 3: Complexity of the single channel estimation algorithm

4.3
Complexity comparison:

Using Table 2 and Table 3 complexities of the different algorithms are compared in Table 4. The following has been supposed:

· One channel estimation per frame (i.e. 100 channel estimations per second).

· Each real operation (add or mult) is performed using one instruction.


Single channel estimation
Multiple channel estimation

Number of real operations
21888
38256

Mips
2.1
3.8

Complexity increase
--
81%

Table 4: Complexity comparison of channel estimation algorithms

Table 4 leads to the conclusion that efficient implementation of the multiple channel estimation algorithm leads to significant complexity increase (~81%) of the UE.

The complexity of a Joint Detector when there are 8 active users is approx. 70 MIPS.
5
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 3dB gain, PATD 3.5dB gain and TxAA 5dB gain in raw BER performance. Improvement obtained in vehicular channels is somehow smaller since these kind of channels have more frequency diversity (STD bring 0.8dB, PATD 1.3 dB and TxAA 2.2dB).

It is obvious that the technique having the best performance is TxAA. However, like STD, it requires some additional complexity at the UE (channel estimation roughly 2 times more complex). On the other side, PATD has similar performance to STD but it does not introduce any complexity at the UE.

We consider that one closed loop Tx diversity scheme for the TDD mode has to be standardised. This document has introduced enough inputs (i.e. performance and complexity) to fairly evaluate all the schemes and make possible a decision on which is the scheme having the best performance / complexity compromise.
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