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1 Introduction

The MIMO technique is introduced to improve the downlink performance of HSPA system. In Rel.7 the two MIMO schemes, Dual-stream Transmit Antenna Arrays (D-TxAA) and Per-Antenna Rate Control (PARC), are mainly investigated for FDD. Finally, it is decided that D-TxAA is applied to HSDPA to enhance the downlink throughput and data rate for FDD system[1].

For 1.28Mcps TDD system, PARC and D-TxAA also are the potential MIMO schemes for further HSPA downlnk enhancement. In this contribution the link level simulation performance comparison between D-TxAA and PARC is presented from the viewpoint of the user throughput for 1.28Mcps TDD.
2 MIMO Schemes
For TDD the PARC scheme is motivated by its performance and the availability of receiver architectures that may be based on multi-user receivers widely used in TDD[2]. Independently encoded and modulated data streams are transmitted from the transmit antennas. The coding and modulation format for each stream is set by the Node B based either on post-detection SINR measurements reported by the UE or on the SINR measurements made on the (reciprocal) uplink channels. The UE can jointly detect all physical channels using a space-time equaliser.
D-TxAA attempts to maximize the SINR of the two transmit streams at the receiver by applying complex weights to symbols transmitted by each transmit antennas. The weight vector is chosen from the codebook based on the selected weight optimization criterion. In [3] there are three option, i.e. maximization of the received power, maximization of the received SINR, and maximizaion of the sum-rate of the streams. The power maximizing weight is simple to calculate whereas other criteria may require complex evaluation of SINRs. And the optimization criterion based on the received power provides practically the same performance as the more sophisticated algorithms. 

In FDD, D-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 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 Uplink-Downlink slot delay. The performance of this scheme may thus be compromised at high vehicular speeds.
3 Assumptions and Results

In the link level evaluation, we compared the following four types of transmission techniques using an NTX transmitter- and NRX receiver-antenna branch configuration denoted as NTX×NRX. 

For the baseline scheme:

－1×1 Single-Input Single-Output (SISO) configuration
－1×2 antenna branch configuration

For the MIMO scheme:

－2×2 antenna branch configuration employing a multi-coded word PARC algorithm (the antenna distance: 4 wavelength at Node B, 0.5 wavelength at UE)
－2×2 antenna branch configuration employing D-TxAA algorithm (the antenna distance: 4 wavelength at Node B, 0.5 wavelength at UE)
Table 1 contains the most important assumptions employed. In simulation the common OVSF codes and distinct scrambling codes are chosen for two data streams to reduce the intercode interference. For these MIMO schemes a single midamble basecode per cell is used. And the different midamble shifts are applied to the bursts transmitted from the respective transmit data streams.

Table 1: Assumption for link level simulation.
	Carrier Frequency
	2 GHz

	Chip Rate
	1.28 Mcps

	TTI length
	5 ms

	Number of timeslot
	5

	Weight optimization criterion for D-TxAA
	Maximization of the received power

	HARQ
	Chase Combining, 4 HAP

Maximam retransmission number: 4

	AMC
	On (QPSK, 16-QAM; Transport Block Size: see TS25.321 )

	UE Category
	2.8Mbps class

	Spreading Factor
	16

	Number of multi-codes
	16

	Channel Model
	SCM CASEI 3kmph; 

SCM CASEIII 120kmph;

SCM CASEIV 3kmph;

	Channel Estimation
	Realistic post-processing

	Detection Algorithm
	MMSE-BLE Joint Detection 


Figure 1~3 show the single-user link throughput offered by the MIMO techniques over the different channel conditions.
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Figure.1  HSDPA throughput for BLER<0.1 over SCM CASE I
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Figure.2  HSDPA throughput for BLER<0.1 over SCM CASE III
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Figure.3  HSDPA throughput for BLER<0.1 over SCM CASE IV

From the simulation results we can see that the 2×2 PARC scheme outperforms 2×2 D-TxAA due to the realistic assumption. Comparing to the single antenna transmission techniques, PARC and D-TxAA based 2×2 MIMO schemes do offer a two fold increase in the peak data rate. The 1×2 transmission provides the better throughput performance in lower SINR region because of the normalized total transmit power and combination process at receiver. Anyway, the MIMO technique will conduce to enhancing the HSPA downlink throughput.
4 Conclusions 

In this document we have presented link level simulation results comparing PARC and D-TxAA applied to 1.28Mcps TDD HSDPA. The results show that 
  －The MIMO technique can provide significant throughput gains over the HSDPA systems with single antenna  transmission.
－PARC is superior to D-TxAA because of the non-ideal channel estimation and the non-ideal antenna weight selection (UL-DL slot delay, selection error and non-optimal weight criterion). 
－D-TxAA increases the signalling overhead and the processing complexity, in particular the need for antenna weight selection.
So it seems clear that PARC is a more suitable scheme for the introduction of MIMO in 1.28Mcps TDD HSDPA.
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