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1. Introduction

In RAN1 #58bis, the following refinements on PUSCH transmit diversity (TxD) were concluded in [1]:

· Need more discussion on the need to introduce TxD in Rel-10

· Identify target use cases where 2TxD bring additional benefit, compared to existing single antenna mode and SM mode

· Take into account performance, power consumption, etc

· For the study purpose, focus on Alt 1 and Alt 2 for 2TxD

· Alt 1: (STBC-based)

· Performed after DFT precoding

· SC-FDMA symbols in a slot  is divided into pairs of 2,  plus possibly one unpaired symbol

· FFS: SC-FDMA symbols in a subframe is divided in to pairs of 2 when PUSCH hopping is not used

· STBC for paired SC-FDMA symbols 

· FFS for unpaired SC-FDMA symbol if it exists

· FSTD, PSD and etc.

· Alt 2: (SFBC)

· Performed after DFT precoding

· Map to subcarriers to preserve CM

· New 2TxD can be introduced before or in next meeting the latest

· 4-tx transmit diversity is FFS

Some simulation results comparing closed-loop precoding and different transmit diversity schemes for PUSCH were given in [2 – 12].  In this contribution, we provide additional simulation results for other simulation scenarios to demonstrate the performance advantages of the STBC-II scheme for 2-Tx PUSCH.
Based on the analysis and simulation results provided in this contribution, we recommend that TxD for PUSCH is introduced in Rel-10.
2. Simulation Study
In our simulations, we compared closed-loop long-term precoding and the STBC-II scheme in terms of link-level throughput versus averaged SNR per receive antenna with link adaptation.  The 1x2 SIMO scheme was also simulated as the benchmark.
· In the case of closed-loop long-term precoding, single-stream precoding is assumed.  By using the SRS with 10ms periodicity, the eNB can estimate the covariance information of the spatial channels.  The precoding vector corresponding to the largest eigenvalue is calculated using eigenvalue decomposition of the spatial channel covariance matrix.  Subsequently the precoding vector is sent back from the eNB to the UE.  In our simulations, the quantization error of the precoding vector and the estimation error of the covariance information were not considered.  But inaccuracy of the precoding vector due to 4ms scheduling delay is taken into account.
· In the case of STBC-II, we assumed that there is an even number of SC-FDMA symbols for STBC.  The pairing issue of STBC can be addressed by some simple methods.  The performance loss and increased complexity due to the additional processing are marginal as discussed in previous contributions [4, 9, 10].  Therefore, the pairing issue is not considered further in this contribution.
The other simulation parameters and assumptions are summarized in Table. 1.
Table 1.  Simulation Parameters and Assumptions

	Parameters
	Values

	Carrier frequency
	2.0 GHz

	System bandwidth
	10 MHz (FFT size N=1024)

	TTI length
	1.0 ms (i.e., 1 subframe or 2 slots)

	Cyclic Prefix
	Normal CP

	User bandwidth
	5 PRB’s

	Spatial Channel Model
	SCME Urban Micro (NLOS)

	Antenna configurations
	1x2, 2x2 
0.5 lambda antenna spacing at UE

4 lambda antenna spacing at eNB

	Velocity
	3km/h, 30km/h, 120km/h

	MCS
	QPSK: R=1/8, 1/6, 1/5, 1/4, 1/3, 2/5, 1/2, 3/5, 2/3, 3/4

16QAM: R=2/5, 9/20, 1/2, 3/5, 2/3, 3/4, 4/5, 5/6

64QAM: R=3/5, 5/8, 2/3, 17/24, 3/4, 4/5, 5/6

	BLER target for 1st transmission
	10%

	HARQ
	HARQ scheme
	Chase Combining

	
	Round trip delay
	8ms

	
	Max number of retransmissions
	4  (total of 5 transmissions)

	Frequency Hopping
	No

	Configured SRS period
	10ms 

	Scheduling delay
	4 ms

	Channel Estimation
	ideal

	Receiver
	LMMSE

	Turbo decoder
	Linear-log-MAP (i.e., MAX-log-MAP plus linear correction function) with 8 iterations


For fair comparison, the transmit power of the two antennas of STBC-II has been normalized, that is, the total transmit power of STBC-II is the same as the transmit power of 1x2 SIMO.  
The throughput performance versus the averaged SNR per receive antenna for UE speeds of  3km/h, 30km/h and 120km/h are demonstrated in Fig. 1, Fig. 2 and Fig. 3, respectively.  From the figures, we can see that open-loop STBC-II scheme outperforms closed-loop precoding remarkably, even in the case of low UE velocity of 3km/h.  As the SNR increases, the performance gain of STBC-II over closed-loop precoding enhances.
This can be understood to be reasonable in view of the fact that the gain of closed-loop precoding depends heavily on the transmit antenna correlations.  When the antennas are separated far enough or there are rich scatterers around the UE, the covariance matrix of the spatial channel will become the identity matrix, which is not beneficial for the closed-loop precoding transmission scheme.   
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Fig. 1
Throughput comparison between CL precoding and STBC-II for 3km/h
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Fig. 2
Throughput comparison between CL precoding and STBC-II for 30km/h
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Fig. 3
Throughput comparison between CL precoding and STBC-II for 120km/h
3. Conclusions

In this contribution, we compare the long-term closed-loop precoding and STBC-II in terms of link-level throughput with link adaptation in the Urban Micro scenario.

The simulation shows that the STBC-II scheme can achieve significant performance gains over closed-loop precoding, especially in rich scattering environments or high speed scenarios. Meanwhile the open-loop TxD scheme does not require any additional signalling overhead.  For the STBC-II scheme, the pairing issue could be addressed by some efficient solutions, which have been illustrated in previous contributions.  Therefore, we suggest that PUSCH TxD cannot be replaced by closed-loop precoding.  The STBC-II scheme is therefore recommended as a candidate scheme for LTE-advanced PUSCH TxD.
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