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1 Introduction
Uplink single user MIMO is seen as one of the key techniques for Rel-10 to provide considerable improvements over Rel-8 LTE in cell edge user throughput as well as in average spectral efficiency[1]. In the last meeting, a wayforward [2] was proposed to support PUSCH transmit diversity(TxD) in Rel-10 at least for 2 antennas UE. On the other hand, [3] presented simulation results and concluded that TxD is not needed for LTE-Advanced uplink, but long term precoding, outperforms STBC and single antenna transmissions in the most SNR range and proposed for LTE-Advanced. Mr. Chairman suggests that more discussion should be needed to introduce TxD in Rel-10. In this contribution, link level simulations are carried on. The performance comparisons and analysis between STBC based open-loop PUSCH TxD and closed long term precoding are shown in the cases of high mobility. From our analysis, we propose open-loop TxD should be considered for Rel-10 uplink.
2 Discussion on uplink open-loop TxD and long term closed-loop precoding
In order to ensure backward compatibility with Rel-8 UE, Rel-10 system should be the some cell edge coverage compared with Rel-8 as a minimum requirement. Both open-loop TxD and closed-loop rank-1 precoding can meet this requirement. The closed-loop precoding is a good choice when accurate uplink channel information can be obtained.
However, for high mobility UE and uplink SRS is not configured or some specific scenarios, such as VoIP transmission, open-loop TxD become more appropriate. Closed-loop precoding needs UE to send additional channel measurement information (such as SRS) and eNodeB should report the measurement by downlink signalling. For the open-loop TxD, signaling overhead can be saved. Compared to Rel-8 uplink SIMO transmission, larger diversity gain can be obtained by using TxD, which means cell coverage can be extended. Meanwhile, in the same coverage area compared with Rel-8, TxD can reduce the transmission power of UE, making more efficient battery life and less inter-cell interference.

3 Performance comparison
Performance of STBC based open-loop transmission diversity and closed-loop precoding was compared under ITU UMa and ITU UMi macro-cell channel. Both spatially separated and cross-polarized Tx-Rx antenna configurations were considered as UE speeds of 120 km/h. Simulation parameters are summarized in Table 1. 
· In the case of STBC, we assumed that there is even number of SC-FDMA symbols in entire subframe to pairing and PUSCH hopping is disabled.  The issue of orphan symbol case for STBC based TxD is not considered in this contribution.
· In the case of closed-loop precoding, 10ms configured SRS period and 4ms scheduling delay are considered in simulation.
Table 1: Simulation Parameters
	Carrier frequency 
	2.6GHz 

	System bandwidth 
	5 MHz 

	Slot format 
	Normal CP (7 symbols per slot) 

	Channel coding 
	Turbo code 

	Modulation and Code Rate 
	QPSK (0.5)

	Receiver 
	MMSE 

	Channel model 
	ITU UMa, ITU UMi

	Speed 
	120km/h 

	Data transmission BW 
	4 RBs 

	Antenna configuration 
	2x2 

	Antenna separation 
	(a) 0.5 lambda in UE and 4 lambda in BS,  (b) cross-polarized  antennas

	Channel estimation 
	Realistic 

	Configured SRS period 
	10ms 

	Max # of transmission 
	4

	Scheduling delay 
	4ms 

	DM-RS Configuration 
	CDM, DM-RS is precoded for long-term precoding

	Freq. Hopping at Slot Boundary 
	No 

	Tx Diversity schemes
	STBC


The simulated BLER performance results are illustrated as follows.
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Figure 1  BLER performance: UMa channel, spatially separated antennas, 120km/h
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Figure 2  BLER performance: UMa channel, cross-polarized antennas, 120km/h
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Figure 3  BLER performance: UMi channel, spatially separated antennas, 120km/h
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Figure 4  BLER performance: UMi channel, cross-polarized antennas, 120km/h

From the simulation results, we can summarized as

1. In high mobility, open-loop STBC always out-performs long term rank-1 precoding.

2. For urban micro-cell with less correlated/uncorrelated channel (UMi channel), the performance gain of open-loop STBC diversity comparing to long term rank-1 precoding is more evident.

3. In the case of cross-polarized antenna configuration, the performance gain of STBC comparing to long term rank-1 precoding is more evident, especially in the UMa Channel. 
Observation: 
Open-loop transmission diversity is more robust than long term rank-1 precoding at least in high mobility and/or in rich scattering environments.
4 Conclusion
Based on our analysis and simulation result, we propose that open-loop transmission diversity should be considered for Rel-10 uplink.
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