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1 Introduction
A discussion on the suitability of various MIMO candidate techniques for UTRA TDD was presented at the RAN1#32 meeting [1]. It was proposed that the techniques

1) DoA-based DL beamforming

2) Closed-loop Tx diversity (TxAA) and

3) Code reuse

be evaluated as part of the MIMO WI. In this contribution we present preliminary link level simulation results comparing TxAA and code reuse applied to HSDPA in UTRA TDD. It should be noted that TxAA may be implemented with minor or no modifications to standards, depending on the number of receive antennas. The results presented show that the code reuse technique provides a significant increase to the throughput compared to TxAA especially in the four transmit antenna case. 
2 Overview of Candidate Techniques
2.1 TxAA in UTRA-TDD
TxAA attempts to maximize the SNR at the receiver by applying complex weights 
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to symbols transmitted by each of the M antennas. The weight vector
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is computed such that 
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 is maximized, where 
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is the channel matrix.  In UTRA FDD, TxAA requires the UE to feedback downlink channel information. Significant limitations on performance are placed by quantization, errors and delays associated to the feedback information. 
Channel reciprocity may be exploited to avoid these drawbacks in UTRA TDD. The NodeB can compute the transmit weight vector based on the observed uplink channel. It should be noted that an obvious limitation to this approach is caused by the UL-DL slot delay. The performance of this scheme may thus be compromised at high vehicular speeds.
2.2 Code Reuse in UTRA-TDD
Recent contributions to the MIMO WI have shown that the code reuse concept applied by itself [2] or applied in conjunction with some form of transmit diversity [3]

 REF _Ref63767035 \r [4] is highly effective in increasing DL throughput in UTRA FDD.  Code reuse offers similar improvements to UTRA TDD. Furthermore, as highlighted in [1], it is possible to extend MUD receiver architectures (commonly used for UTRA TDD) to jointly perform MIMO equalization. In this contribution we present link level simulation results for code reuse applied alone to UTRA TDD. .
3 Simulation Results
The following assumptions are made:

	Carrier Frequency
	2 GHz

	Chip Rate
	3.84 Mcps

	TTI length
	10 ms

	Burst Type
	2

	Modulation
	QPSK, 16-QAM

	Spreading Factor
	16

	Number of multi-codes
	12

	HS-DSCH structure
	all codes used over 8 consecutive time slots
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	0 dB

	Channel Coding
	Turbo coding, R =1/3, ½ and ¾. Log-MAP decoding using 4 iterations.

	Channel Model
	single path Rayleigh

	MIMO Correlation Model
	IID

	UE Speed
	3 km/h

	Channel Estimation
	Perfect

	Code reuse Detection
	Iterative MMSE 

	TxAA weights
	Ideal, calculated for first timeslot of allocation


Figure 1 presents single-user throughput as function of 
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for the following MIMO techniques:
	MIMO Technique
	Antenna Configurations

	Code reuse
	(2,2) and (4,4)

	TxAA
	(2,1), (2,2), (4,1) and (4,4)


Figure 1 shows that the single-user throughput offered by the (4,4) code reuse technique is far superior to all other schemes compared in this contribution. The (2,2) code reuse scheme does offer a two fold increase in the peak data rate compared to the TxAA techniques. However, as seen in Figure 1, the (2,2) TxAA scheme performs better than (2,2) code reuse up to the maximum throughput it can offer. 
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Figure 1 HSDPA throughput for FER<10%
4 Conclusions
We have presented link level simulation results comparing code reuse to TxAA applied to UTRA TDD HSDPA. The results show that the code reuse technique provides a significant improvement to DL throughput, especially in the four transmit antenna case.  
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