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1. Introduction
UL SU-MIMO has been discussed in many contributions as an important technology to increase uplink system capacity for multi-PA UE. Considering coverage and performance in bad channel condition such as high speed, UL transmit diversity in PUSCH should be well studied. CM and performance especially in high Doppler speed should be considered as important issues to evaluate the feasibility of transmit diversity technology for SC-OFDM system. In RAN1#58bis, some decisions about TxD in PUSCH were agreed as follows:
· 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
In this contribution, we further discuss the need of introducing new UL TxD in Rel-10 with some simulation results.
2. Discussion
2.1. Open loop transmit diversity for PUSCH

Open-loop transmit diversity has been discussed in many contributions [1]-[5]. From previous discussions, LCM-SFBC (M-SFBC) and STBC seem to be more advantageous for PUSCH open loop diversity transmission with robust diversity gain and relatively lower CM.
Alamouti STBC
When there are even SC-FDMA symbols in one slot or one subframe, Alamouti STBC can be directly applied maintaining single-carrier feature at each transmit antenna. The symbols sent from the two transmit antennas over two consecutive SC-FDMA symbols form an orthogonal Alamouti code. But if there are only odd SC-FDMA symbols in one slot or one subframe, for example, when SRS is configured in the subframe, STBC faces the symbols pairing problem. Though some solutions can be introduced for unpaired SC-FDMA symbol, such as CDD, FSTD or SDM, they will lead to additional complexity and loss of coding gain. 
M-SFBC
Due to constraint of PA capability in UE, Alamouti SFBC suffers from high CM in transmit antennas. To keep CM low, modified SFBC (M-SFBC) is proposed in [2] and [3]. By modifying the mapping pattern of paired subcarriers in SC-FDMA symbols, the same CM as single antenna transmission can be obtained. However, as the distance in frequency between jointly encoded symbols is larger than Alamouti SFBC, the orthogonality between encoded symbols is destroyed, which leads to performance loss especially in large delay channel. 
2.2. Long term precoding based on PMI

A closed loop transmit diversity is introduced in [5] as long term rank=1 precoding. Long term statistical channel information such as spatial covariance matrix from sounding is exploited to choose precoding matrix from a codebook which is applicable to both short-term and long-term precoding. SRS transmission does not need to be frequent or wideband to get long-term CSI, that is to say, sounding is not the limiting factor in closed-loop precoding. 
It is shown in [5] that, this scheme can provide better performance than open-loop transmit diversity schemes. However, as a closed-loop mode, additional feedback overhead is needed to indicate PMI to UE. Long term precoding may also suffer in high Doppler scenarios due to feedback delay.
2.3. Closed-Loop transmission based on long term channel reciprocity
In [6], Single Antenna Port Mode for the UEs with multiple antennae is introduced for LTE-A uplink transmission. In this transmission mode, long term channel reciprocity can be exploited in the UL transmission. Rank=1 precoding based on long term channel information is robust against non-ideal issues such as channel estimation error or calibration error. Even in FDD system, the long term channel reciprocity can be obtained effectively. UE can calculate precoding matrix by, for example, EVD of statistical channel correlation matrix obtained in a period of time from downlink RS. As the precoding matrix is unknown to BS, the CQI can be estimated by the same way as single antenna transmission (e.g. MRC based estimation). 
Compared to long term precoding based on PMI and open loop transmit diversity, more precoding gain can be obtained by non-codebook based precoding without any codebook restriction and feedback overhead. The CM value can also be kept low with wideband precoding. Furthermore, only one port DMRS is needed for uplink demodulation and the transmission scheme can be used for all uplink scenarios (1, 2 or 4 TX scenarios)
3. Performance

In this section, we compare the transmit diversity schemes mentioned above with simulation results.
Figure 1- 10, we compare the throughput performance of different schemes in different scenarios, both with and without SRS, in single-polarized or cross-polarized antenna configuration. For the unpaired symbol in STBC when SRS in configured, CDD is used in the unpaired symbol as in [2]. The duplex frequency distance between uplink and downlink in FDD system is 100M, and long term statistical downlink CSI in last 1s is used as uplink CSI for precoding.
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Figure 1: Performance of transmit diversity without          Figure 2: Performance of transmit diversity without

   SRS in 3km/h for TDD system (UrbanMacro, SP)           SRS in 120km/h for TDD system (UrbanMacro, SP)
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Figure 3: Performance of transmit diversity with              Figure 4: Performance of transmit diversity with

        SRS in 3km/h for TDD system (UrbanMacro, SP)          SRS in 120km/h for TDD system (UrbanMacro, SP)
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Figure 5: Performance of transmit diversity without             Figure 6: Performance of transmit diversity without

SRS in 3km/h for FDD system (UrbanMacro, SP)                SRS in 120km/h for FDD system (UrbanMacro, SP)
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Figure 7: Performance of transmit diversity without          Figure 8: Performance of transmit diversity without

      SRS in 3km/h for TDD system (UrbanMacro, DP)           SRS in 120km/h for TDD system (UrbanMacro, DP) [image: image9.emf]0 2 4 6 8 10 12 14 16 18 20
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Figure 9: Performance of transmit diversity without             Figure 10: Performance of transmit diversity without

SRS in 3km/h for FDD system (UrbanMacro, DP)               SRS in 120km/h for FDD system (UrbanMacro, DP)

It can be seen from the figures 1- 6 that among open-loop transmit diversity schemes, STBC can provide better performance without SRS and comparable performance with SRS compared to M-SFBC. Long term channel information based close loop rank=1 schemes show robust gain against all of the open-loop transmit diversity schemes. Further observation is that rank=1 precoding based on long term channel reciprocity slightly outperforms long term PMI based precoding due to no restriction in codebook size. In figures 7-10, performance with cross-polarized array is presented, and all schemes show similar performance in this scenario.
4. Conclusion
In this contribution, further comparison among open loop transmit diversity schemes and long term precoding schemes are presented. Long term channel information based rank=1 precoding scheme shows superior performance compared to STBC and M-SFBC in single polarized array and comparable performance in cross-polarized array. According to above discussion and simulation results, we propose that it is not justified performance-wise to introduce a new transmit diversity scheme for PUSCH in LTE-Advanced. The single antenna port mode in terms of rank1 precoding based on long term channel reciprocity is good enough for uplink diversity.
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6. Appendix 
Table 1  Simulation parameters

	Parameter

	Assumption

	Antenna configuration
	2×2 （single-polarized and cross-polarized）

	Distance of UE antennae
	0.5

	Distance of BS antennae
	10

	Bandwidth
	5M

	Duplex mode
	TDD/FDD(
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	Channel model
	UrbanMacro

	Codebook
	Rank1 codebook in R1-092940

	MCS 
	Refer to 36.213

	Channel code
	Turbo code

	HARQ retransmission number
	4

	Carrier frequency
	2.0 GHz

	Receiver 
	MMSE

	CQI/PMI delay
	5 ms 

	DMRS estimation
	Ideal 

	CQI estimation
	Ideal

	CSI 
	Statistical CSI in 1s for long term precoding

	Codeword/layer number
	1

	Scheduled resource  block
	6 RB

	Precoding granularity 
	Wideband precoding

	Pilot overhead 
	2 symbol for each subframe

	UE mobile speed
	3km/h 120km/h
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