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1. Introduction

Over the past 3GPP TSG RAN WG1 meetings, [1]-[12] have discussed the necessity of open-loop PUSCH diversity and relative schemes. Due to the system design constraint imposed by space-time block coding (STBC), it is hardly adopted as the open-loop UL transmit diversity scheme candidate. To guarantee the simplicity of the system design, SFBC and its pertinent variants remain the top-priority candidates for the open-loop UL transmit diversity of PUSCH. In this paper, we propose two variants of the Rel.8 SFBC scheme, and single-carrier (SC) SFBC scheme as the baseline of the open-loop PUSCH diversity design. Low-PAPR CDD and frequency switch transmit diversity (FSTD) are not discussed here, since they don’t conflict with SFBC-design baseline and are always complementary to achieve even higher transmit diversity.
2. System Models

We consider a UL SC-FDMA system with 
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 transmit antennas for a UE, where all the transmit antennas are grouped in K (K=1 or 2) antenna groups with each having two antennas. Transmit multiplexing can be easily increased by scaling the number of antenna groups K, i.e. increasing the even number of antennas at the transmit side, although additional inter antenna-group interference is introduced. We need to find out how much this inter-antenna-group interference is and suggest it is whether or not worthwhile to use the scalability of antenna groups, with no further precoding between antenna groups.
2.1. SC-SFBC
All the antenna groups of a particular UE have the same precoding operation, and therefore we use Fig. 1 to show the transmit structure of antenna group 
[image: image3.wmf](

)

K

k

 

k

,

,

1

K

=

 for SC-SFBC, where the parts forming streams and precoding, and so on, are not depicted.
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Fig. 1 Transmit structure of antenna group 
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 of a particular UE for SC-SFBC.
On group 
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, a data stream of length-
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 for SFBC precoding operation are given by
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 denotes the DFT of 
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. The proposed SFBC generates 
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2.2. Dual-DFT SFBC (DDFT-SFBC)
Fig. 2 shows the transmit structure of antenna group 
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 for DDFT-SFBC, where the parts forming streams and precoding, and so on, are not depicted.
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Fig. 2 Transmit structure of antenna group 
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 of a particular UE for DDFT-SFBC.
On group 
[image: image19.wmf](

)

K

k

 

k

,

,

1

K

=

, two data streams of length-
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 and 
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 denote the DFTs of 
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Can DDFT-SFBC not only be achieved by following subclause 2.2, but be achieved using precoding before DFT operation as well, which is not introduced here. Therefore, DDFT-SFBC has its own advantage in terms of flexibility of system design.
3. Performance Evaluation

3.1. PAPR

We investigate the PAPRs of the proposed SC-SFBC and DDFT-SFBC compared to STBC, Rel.8 SFBC and non-precoding UL SC-FDMA. The QPSK comparison results for 6 PRBs and 1 PRB in 10M Hz-bandwidth UL systems are shown in Table I.

Table I Average QPSK PAPRs (dB) of SC-SFBC and DDFT-SFBC compared to STBC, Rel.8 SFBC and non-precoding UL SC-FDMA
	
	SC-SFBC
	DDFT-SFBC
	STBC
	Rel.8 SFBC  
	non-precoding

SC-FDMA

	6 PRBs
	Ant. 1
	5.3966
	6.2378
	T1
	5.3967
	5.4082
	5.3849

	
	
	
	
	T2
	5.3924
	
	

	
	Ant. 2
	5.3993
	6.2341
	T1
	5.3924
	5.9077
	

	
	
	
	
	T2
	5.3967
	
	

	1
PRB
	Ant. 1
	4.1826
	4.8885
	T1
	4.1738
	4.1905
	4.1713

	
	
	
	
	T2
	4.1838
	
	

	
	Ant. 2
	4.1561
	4.8807
	T1
	4.1838
	4.5957
	

	
	
	
	
	T2
	4.1738
	
	


As in Table II, in terms of average PAPR level, the proposed SC-SFBC is located comparable with STBC and non-precoding SC-FDMA and is lower than Rel.8 SFBC and DDFT-SFBC.
3.2. Simulation Results

The system parameters employed in the simulation is shown in Table II.
Table II System Parameters

	Carrier frequency
	2.0 GHz

	System bandwidth
	10 MHz

	Data transmission BW
	6 PRBs and 1 PRB (i.e., 72 subcarriers and 12 subcarriers)

	Slot format
	CP (7 SC-FDMA symbols per slot)

	Channel model
	SCME-Urban Macro (18 paths)

	UE speed
	3km/h and 300km/h

	Antenna configuration
	2x2 (K=1), 2x4 (K=1) and 4x4 (K=2)

	Antenna correlation
	Tx: 0.5
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; Rx: 0.5
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	Channel coding
	Turbo code (coding rate = 1/3)

	Modulation
	QPSK and 16QAM

	Frequency hopping
	N/A

	Receiver
	MMSE

	Channel estimation
	Perfect CSI


Fig. 3 demonstrates the performance of the proposed SC-SFBC, DDFT-SFBC, SFBC and STBC. For both UE speed = 3km/h and 300km/h, the proposed SC-SFBC only slightly underperforms the other three schemes by around 0.1-0.2dB. 

[image: image34.wmf]
Fig. 3 Impact of the UE velocity on the performance.
QPSK and 16QAM modulation schemes are applied in Fig. 4. The result indicates that the higher-order modulation, the larger performance gap between the proposed SFBC and the other three schemes. However, the SC-SFBC only suffers a 0.3-0.4dB penalty compared to the other three schemes for 16QAM modulation.
[image: image35.wmf]
Fig. 4 Impact of the modulation schemes on the performance.
Fig. 5 illustrates the 1-RB and 6-RB scenarios for the proposed SFBC. It is shown that the fewer number of RBs, the more indistinguishable performance between the proposed SFBC and the other three schemes.
[image: image36.wmf]
Fig. 5 Impact of the number of RBs on the performance.
The impact of the Tx-Rx number on the proposed SFBC is shown in Fig. 6. As expected, the 2x4 configuration obtains the best performance among all the options. Similar to the 2x2 case, SC-SFBC only suffers a 0.1-0.2dB loss in the 2x4. The other focus of Fig. 6 is to investigate the performance while the number of transmit antenna group-K are directly scaled. We see that the 4x4 (K=2) has an around 2dB performance degradation from the 2x2 (K=1) case. As a result, not that big performance loss leads to the inspiration to further investigate how the precoding measure works between SFBC transmit antenna groups.
[image: image37.wmf]
Fig. 6 Impact of the Tx-Rx number on the performance.

4. Conclusion
SC-SFBC is proposed as the baseline transmit diversity scheme for LTE-A PUSCH.
· SC-SFBC generates a moderate PAPR comparable to non-precoding SC-FDMA and STBC.
· SC-SFBC only suffers a very limited loss compared to other SFBC variants.

· Precoding for multi transmit antenna groups are FFS.
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