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1. Introduction

Two contributions on closed-loop transmit diversity for HS-DSCH were submitted recently:

· [1] by Lucent: This contribution describes Selection Transmit Diversity (STD) for operation on HS-DSCH. In addition, this method is proposed as a means for multi-stream (MIMO) operation at low data rates: Typically at low Ior/Ioc, a single-stream transmission method provides a higher capacity than multi-stream transmission – this is the result of the well-known waterfilling principle.

· [2] by TI: Both open-loop (STTD) and closed-loop (TXAA) transmit diversity schemes are part of the release ’99 standard. This contribution proposes to use the same methods for HS-DSCH.

In this contribution, we compare performance of STD with TXAA and verify some of the conclusions in [2]. It is shown that the existing R’99 closed-loop transmit diversity method (TXAA) is superior to STD proposed in [1].  

In addition, note that TXAA can be operated as part of the MIMO (multi-stream) transmission method, [3,4], similar to STD proposed in [1].
2. Background

Closed-loop transmit diversity is part of the release ’99 standard. Initially both STD and TXAA were considered. However, 

Performance of STD is identical to a simplified TXAA with 1-bit phase feedback (assuming uncorrelated fading channels).

Performance of TXAA with more than one feedback bit is superior to STD. Mode-1 (2-bit phase) and Mode 2 (1-bit gain and 3-bit phase) were selected, which perform better than STD.

Application of TXAA to HS-DSCH is an extension to the existing R’99 methods. 

3. Simulation method and results

Link-level simulations (sub-chip level) were conducted to compare the performance of STD with TXAA. Some key parameters used for simulations are listed in Table 1. For STD, 1-bit feedback is used to select the first or the second antenna. For TXAA, mode 2 (1-bit gain, plus 3-bit phase) was simulated. For these simulations, we assumed no errors in the feedback channel
. In addition, at the receiver, a linear MMSE equalizer was simulated to reduce the effects of self-interference. Only the ITU Pedestrain A model was simulated with i.i.d Rayleigh fading for all rays and antennas. Additional results will be provided in the future contributions.

Table 1. Simulation parameters.

	Parameters
	Value

	(#Tx Antenns, #Rx Antennas)
	(1Tx, 1Rx) or (2Tx, 1Rx)

	Receiver Type
	Linear MMSE

	Channel Model
	ITU Pedestrian A, i.i.d. Rayleigh

	Mobile Speed
	3 km/h

	Pilot Power Fraction
	5% per Antenna

	Overhead Power Fraction
	5% per Antenna

	Walsh Codes
	12 of 16 Codes Assinged to HS-DSCH

	Channel Estimation
	Ideal

	ARQ
	Repeat and Combine

	TTI
	3 Slots

	Feedback Error
	0%

	Feedback Delays
	Link Adaptation:

 measure in slot n; apply in slot (n+4)

TXAA and STD: 

measure in slot  slot n; apply in slot (n+4)

ARQ & Scheduling:

1st transmit in TTI m; 2nd transmit in TTI (m+5)

	MCS levels
	QPSK rates={1/4, 1/2, 3/4}, 

16QAM rates={1/2, 5/8, 3/4}


SINR is measured at the output of the MMSE receiver and it is mapped onto the corresponding modulation/coding levels. The performance of STD and TXAA are shown in Figure 1. It is seen that the throughput with TXAA can be as much as 36% better than STD at low SNRs. At very high SNRs both schemes approach the same maximum allowed MCS level: Throughput of 16QAM r=3/4 is 3 bits/chip with 12 codes out of 16, this leads to throughput = 3x12/16= 2.25 bits/chip or 8.64 Mbps (=2.25 bits/chip x 3.84 Mcps).

3. Conclusions
We note that:

· the existing closed-loop transmit diversity in R’99 (i.e., TXAA) is superior to STD proposed in [1]. 
· TXAA may be used as a building block for future MIMO methods, [3,4].
Thus, there is no need to introduce a new method of single-stream transmit diversity (STD) in the standard.

4. References

[1] TSG-R1(01)1126 (Lucent), “Improving HSDPA system throughput with selection transmit diversity,” Jeju, Korea, November 19-23, 2001.

[2] TSGR1#22(01)1064 (TI), “Comparison between TxAA/STTD and PARC for HSDPA systems with 2 transmit antennas,” Jeju, Korea, November 19-23, 2001.
[3] M. Ahmed, J. Pautler, and K. Rohani, “CDMA Receiver Performance for Multiple-Input Multiple-Output Antenna Systems,” IEEE Vehicular Technology Conference, October 7-11, 2001.

[4] J. Pautler, M. Ahmed, and K. Rohani, “On Application of Multiple-Input Multiple-Output Antennas to CDMA Cellular Systems,” IEEE Vehicular Technology Conference, October 7-11, 2001.

[image: image1.emf]0

0.5

1

1.5

2

2.5

-10 -5 0 5 10 15 20

Average Ior/(Ioc+No) (dB)

Average Bits/Chip

(2Tx, 1Rx) TXAA

(2Tx, 1Rx) STD

(1Tx, 1Rx)


Figure 1. Link level simulation results comparing STD and TXAA.


























































































� Also, to simplify the simulations, we assumed that all feedback bits are transmitted in a single slot time, whereas the R’99 standard specifies 1-bit per slot.





