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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#58, a way forward [6] on UL single antenna port mode was agreed.
· UL Single Antenna Port Mode is defined for the UEs with multiple transmit antennas.

· In this mode, the UE behavior is same as the UE behavior with single antenna from eNB’s perspective
· Exact UE implementation is left to UE vendors (e.g., PA architecture)

· PUCCH, and/or PUSCH, and/or SRS transmission can be independently configured for single uplink antenna port transmission

· Detail scenarios and operation FFS 
· UL Single Antenna Port Mode is the default operation mode before eNodeB is aware of the UE transmit antenna configuration

In this contribution, we discuss a few transmit diversity schemes for PUSCH and give our views 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][2][3] showing steady performance and similar implementation as downlink in LTE Rel-8. Some of the advantages and disadvantages of primary open loop transmit diversity schemes for PUSCH are listed below:

Table1: Primary open loop transmit diversity mode
	TxD Mode
	Advantages
	Disadvantages

	CDD
	Low CM
Low demand to data symbols number
	Sensitive to antenna correlation
Large performance loss at the high code rate due to low diversity gain

	FSTD
	Low CM

Low demand to data symbols number
	Large performance loss at the high code rate due to low diversity gain
Waste of frequency resource

	STBC
	Low CM

Full diversity gain
	Pairing problem with odd number of data symbols

	SFBC
	Full diversity gain
Low demand to data symbols number
	High CM

	PVS
	Medium diversity gain

Low demand to data symbols number
	High CM


The diversity gain of CDD and FSTD can’t provide desired performance for LTE-A in high code rate. Due to constraint of PA capability in UE, transmit diversity schemes with high CM such as SFBC and PVS are also not very attractive for PUSCH transmission. To keep CM low, modified SFBC (M-SFBC) is proposed in [1] with the same CM as single antenna transmission at the cost of some performance loss due to destruction of the orthogonality of coding symbols, especially in large delay channel. The symbol pairing problem in STBC can also be solved by repeating the unpaired symbol, CDD, FSTD or SDM, which will lead to additional complexity and loss of coding gain. 
From most of the contributions in RAN1#58 meeting, M-SFBC and STBC seem to be more advantageous for PUSCH open loop diversity transmission with significant diversity gain and relatively lower CM.
2.2. Long term precoding based on PMI

A closed loop transmit diversity is introduced in [4] 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 [4] 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 uplink Single Antenna Port Mode for the UEs with multiple antennae, 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 only be estimated blindly, for example, by the same way as single antenna transmission (e.g. MRC based estimation). 
Compared to long term precoding based on PMI, 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 one 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. The CM property and throughput of M-SFBC, STBC, codebook based long term precoding and precoding based on long term channel reciprocity are compared below.
· CM property
The CM values on each antenna with different TxD schemes and modulation types are listed in table 2. 



Table2: CM property of primary transmit diversity mode
	Modulation type
	TxD schemes
	CM in tx1
	CM in tx2

	QPSK
	SISO
	1.2522
	1.2532

	
	STBC
	1.2621
	1.2621

	
	M-SFBC
	1.2590
	1.2590

	
	SFBC
	1.2602
	1.8869

	
	LT Codebook
	1.2531
	1.2531

	
	LT Non-codebook
	1.2585
	1.2585

	16QAM
	SISO
	1.9907
	1.9917

	
	STBC
	2.0306
	2.0306

	
	M-SFBC
	2.0233
	2.0233

	
	SFBC
	2.0344
	2.4397

	
	LT Codebook
	2.0299
	2.0299

	
	LT Non-codebook
	2.0319
	2.0319

	64QAM
	SISO
	2.0993
	2.1002

	
	STBC
	2.1773
	2.1773

	
	M-SFBC
	2.1811
	2.1811

	
	SFBC
	2.1837
	2.5471

	
	LT Codebook
	2.1801
	2.1801

	
	LT Non-codebook
	2.1817
	2.1817


It’s shown in table 2 that all TxD schemes have the similar CM property as single antenna transmission except for SFBC with higher CM in the second antenna.
· Performance
Figure 1- 6 compare the throughput performance of different TxD schemes in different scenarios. Performance of both with and without SRS are simulated, and for the unpaired symbol in STBC when SRS in configured, symbols is repeated on all antennas as in [5]. The duplex frequency distance between uplink and downlink in FDD system is 100M, and long term statistical downlink CSI in last 2.5s 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                                           SRS in 120km/h for TDD system
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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                                         SRS in 120km/h for TDD system
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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                                           SRS in 120km/h for FDD system
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 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 outperforms long term PMI based precoding due to no restriction in codebook size.  
4. Conclusion
In this contribution, transmit diversity for PUSCH including open-loop schemes and closed-loop schemes is discussed under different assumptions. Long term channel information based rank=1 precoding scheme shows superior performance compared to other schemes. Open-loop transmit diversity schemes do not show gain in any circumstances. 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 based on long term channel reciprocity based rank1 precoding can be a baseline and other schemes showing better performance is not precluded at the stage.
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6. Appendix 
Table 3, Simulation parameters

	Parameter

	Assumption

	Antenna configuration
	2×2 

	Correlation of UE antennae
	0.5

	Correlation of BS antennae
	0.1

	Bandwidth
	5M

	Duplex mode
	TDD/FDD(
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	Channel model
	TU

	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 2.5s 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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