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1 Introduction
Uplink transmit diversity scheme for PUSCH to maintain uplink coverage when multiple antenna ports are introduced in LTE-A has been discussed in a number of contributions [1-7]. Their common characteristic is that the single carrier property is preserved and the candidates are mainly

· FSTD

· CDD

· M-SFBC

· STBC

As it can not always be guaranteed that there are an even number of SC-FDMA symbols within one sub-frame, STBC faces the pairing problem [8]. For instance, the number of symbols per subframe depends on whether slot hopping is used, the cyclic prefix length and the presence of SRS. To solve the pairing problem, CDD or FSTD is proposed to be used in the unpaired symbol [2][4]. This results in that there are two transmit diversity schemes appearing simultaneously when STBC is used with unpaired symbols. 
For the convenience of the following discussion, the combinations of STBC with FSTD or CDD are denoted as
· STBC(CDD) 
· STBC(FSTD)

In this document, the link level performance of diversity schemes listed above are compared under different conditions, such as high frequency selective/flat fading channel, high/low coding rate and high/independent channel correlation.                                                                        
2 Link simulation results
The simulation assumptions and the BLER curves of different simulation cases can be found in Appendix I and II respectively. The required SNR for each scheme to reach 0.1(10%) BLER target is summarized in Table 1.
Table 1 The required SNR [dB] to reach BLER=0.1. The lowest SNR is marked with green.
	  Antenna correlation
	(Tx,Rx)=(0,0)
	   (Tx,Rx)=(0.9,0.5)

	Channel model
	   TU channel
	Flat channel
	   TU channel

	Number of RB
	     1RB
	     5RB
	5RB
	5RB

	Code rate
	 1/3
	 2/3
	 1/3
	 2/3
	 1/3
	 2/3
	 1/3
	 2/3

	FSTD
	3.0 
	9.0 
	1.3 
	6.5 
	0.5 
	5.6 
	2.4 
	7.6 

	CDD
	3.4 
	8.6 
	1.4 
	6.4 
	0.6 
	5.2 
	3.8 
	10.2 

	M-SFBC
	2.7 
	6.9 
	1.1 
	5.8 
	0.2 
	4.3 
	2.4 
	7.3 

	STBC
	2.8 
	7.0 
	0.9 
	5.4 
	0.2 
	4.3 
	2.4 
	7.2 

	STBC(CDD)
	2.8 
	7.2 
	0.9 
	5.4 
	0.2 
	4.3 
	2.4 
	7.3 

	STBC(FSTD)
	2.8 
	7.1 
	0.9 
	5.4 
	0.2 
	4.3 
	2.4 
	7.2 


Based on the simulation results, there are the following observations:

1. CDD is sensitive to antenna correlation, which is the same observation as in LTE. In high correlation, there is about 1.4dB (1/3 code rate) and 2.6dB~3dB (2/3 code rate) performance loss compared to other schemes. 

2. CDD and FSTD have large performance loss at the high code rate in the case of independently fading spatial channel. 
3. STBC based schemes have better performance in high code rate and 5 RB compared to other schemes.
4. The STBC based schemes and M-SFBC have almost similar performance in other cases. In the high frequency selective channel (5RB, TU channel), the gain is 0.2dB and 0.4dB with code rate 1/3 and 2/3 respectively.

3 Conclusion
In this document, the performance of transmit diversity candidate schemes for two antennas and for PUSCH was evaluated and compared under different conditions. The simulation results show that,
· CDD and FSTD have large performance loss in the case of high correlation and high code rate

· STBC based schemes have similar performance with M-SFBC in most cases. 
· An exception is the high frequency selective channel and 5 RB resource allocation, where the STBC based schemes have 0.2 dB and 0.4 dB gain over M-SFBC at code rate 1/3 and 2/3 respectively.  However, the 5 RB allocations are likely not used for power limited cell edge UEs.
· For power limited UEs, which are using a single RB, M-SFBC provides the best performance.

As STBC has the paring problem and while CDD, FSTD and M-SFBC does not, the additional complexity of the STBC based scheme does not justify the relatively small gain that could be achieved in some non-power limited scenarios. When analyzing coverage, a single RB is assumed and for this case, M-SFBC provides best cell edge performance. Regarding the analysis of paring problem of STBC, there is related discussion in a companion contribution [8]. We thus propose that
· M-SFBC is selected as the two antenna transmit diversity scheme for PUSCH 
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Appendix I
                                Table 2 Simulation assumptions

	Channel bandwidth 
	5MHz

	Sampling frequency 
	7.68MHz

	IFFT size
	512

	Sub-frame size
	1ms

	Data bandwidth
	1 or 5 localized RBs

	Frequency hopping
	No

	Channel model
	TU channel /Flat fading channel

	Channel correlation (Tx, Rx)
	(0,0), (0.9,0.5)

	Modulation
	QPSK

	Channel coding
	Turbo code, coding rate=1/3,2/3

	Antenna configuration 
	2 at UE and 2 at eNB

	Channel estimation
	realistic

	UE velocity
	3km/h

	Frequency domain equalization
	LMMSE

	The number of delay samples for CDD
	            128

	The number of SC-FDMA symbols within one sub-frame used for simulation
	FSTD/CDD/M-SFBC/STBC: 12 

STBC(CDD)/STBC(FSTD) :  11


Appendix II
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