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1. Introduction

Several transmit diversity (TxD) schemes for PUSCH were proposed [1-12] in the RAN1 #56bis meeting. While closed loop rank 1 transmission can result in higher gain for the low mobility UEs, an open loop TxD scheme is an effective technique to support higher mobility UEs up to 360 kmph. In this contribution, we propose that for PUSCH TxD CDD should be considered as the baseline LTE-A open loop TxD scheme.
2. Consideration for PUSCH TxD schemes

The following are well-known candidates for the open loop TxD scheme applicable for PUSCH transmission:

1. Low CM SFBC (Space Frequency Block Coding)

· requires 2 cyclic shifts for DMRS multiplexing / demultiplexing
2. STBC (Space Time Block Coding) 

· Additional scheme needs to be considered for orphan symbols

· requires 2 cyclic shifts for DMRS multiplexing / demultiplexing
3. FSTD (Frequency Switched Transmit Diversity)

· requires 2 DFT precoders in order to keep single carrier property

· may require 2 cyclic shifts for DMRS multiplexing / demultiplexing
4. CDD (Cyclic Delay Diversity)

Considering the benefits and drawbacks of these schemes as described below, it can be concluded that CDD should be the baseline TxD scheme for PUSCH.

2.1. Backward compatibility with LTE eNB

Considering that LTE-A UEs should support backward compatibility for operation with an LTE eNB, the TxD scheme which would be applicable for not only LTE-A eNB but also LTE eNB is attractive. Because CDD is transparent to an LTE eNB (i.e. can be used as an antenna virtualization technique) and scheduling gain can be obtained by frequency selectivity, CDD is the most suitable candidate compared to other schemes. 
2.2. Performance

In order to achieve optimum diversity gain, STBC or SFBC would be appropriate for the open loop TxD scheme for LTE-A. However according to the simulation result shown in Figure 1 of Annex 5.2, the performance gap between STBC and CDD is negligible (0.4 dB) when 4 Rx antennas are assumed. Thus CDD does not have a sizeable performance disadvantage compared to STBC or SFBC.

2.3. Complexity

Because CDD does not require 2 DFT precoders and 2 cyclic shifts for DMRS, CDD is the least complicated technique possible for LTE-A TxD scheme. From the venders’ perspective, simpler UE structure would be more appreciated. 
3. Conclusion

In this contribution, we analyze TxD schemes for PUSCH. CDD can apply to not only LTE-A eNB but also to LTE eNB, resulting in scheduling gain and antenna virtualization. Therefore, we propose to employ CDD as the baseline for the LTE-A PUSCH TxD scheme. 
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Annex

4.1. Simulation Assumptions

	Parameter
	Explanation/Assumption

	Bandwidth
	10 MHz

	Carrier Frequency
	2.0 GHz

	Antennas Configuration
	Tx: 2
Rx: 2 and 4

	Channel Model
	6-ray Typical Urban
UE mobility: 120 kmph

	Antenna Correlation
	Tx: 0.1
Rx: 0.5

	Assigned RB number
	8

	MCS
	QPSK, R=1/2

	Receiver Type
	Linear MMSE

	Encoder/Decoder
	Turbo coding
max-log-MAP with 4 iterations

	FFT size
	1024

	Number of Occupied Subcarriers
	600 (50 RBs)

	Channel Estimation
	Ideal

	Cyclic Prefix Type
	Normal CP


4.2. Simulation Results
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