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1 Introduction
At RAN1#48bis meeting in Malta, the following working assumption was agreed as transmit diversity for DL-SCH and L1/L2 control channels (i.e., excluding BCH) in E-UTRA downlink ‎[1], 
· adopt SFBC as the open loop transmit diversity mode for 2 Tx.

· adopt SFBC-based open loop transmit diversity techniques for 4 Tx.

For 4-tx TxD SFBC-based schemes, there are a number of candidates currently being proposed/evaluated, which include [2]-[7]
1. SFBC+FSTD
2. SFBC+CDD

3. SFBC+PSD 
4. QO-SFBC  
5. Balanced SFBC+FSTD  (Samsung’s proposal on LTE reflector)
 In this contribution, the pros/cons of each scheme are analyzed and compared in brief and a way forward is proposed based on the analysis and comparison 
2 Comparison Summary
In the past year or so, lots of efforts have been devoted by many companies to compare different TxD schemes for the system with 4 Tx antennas [2]-[7]. the purpose of this contribution is to summarize the comparison among SFBC-based schemes in order to facilitate the decision on TxD for 4-tx. 
Table 1 Comparison of CDD and SFBC transmit diversity schemes
	
	SFBC+FSTD 
	SFBC+CDD
	SFBC+PSD
	QO-SFBC
	Balanced SFBC+FSTD

	Performance


	· Provides consistent superior performance in all scenarios,

· Robust in highly spatial-correlated channel

· Better capability in interference rejection 
	· Performance is worse than SFBC+FSTD in most scenarios

· Significant worse performance in highly spatial-correlated channel and effective one rx antenna scenarios


	· Performance is close to SFBC+FSTD in most scenarios.

· Performance is  worse than SFBC+FSTD in highly spatial-correlated channel

· Hard to optimize performance for both interference rejection and transmit diversity.  
	· If MMSE is used, its performance is close to SFBC-FSTD

· More vulnerable in UEs with one effective Rx antenna
	· Performance is close to SFBC+FSTD in low SNR
· Significant performance loss at high SNR when simple extended Alamouti decoder is used. 

	Channel Estimation
	Simple and straightforward
	Have to apply phase rotation to get composite channel
	Have to apply phase rotation on every tone 
	Simple and straightforward
	Simple and straightforward

	Transmitter Complexity
	Same as 2-tx
	Simple,  apply cyclic delay in time domain
	Need phase rotation on every tone in frequency domain
	Minor if  ( =k
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(i.e. if c=exp(j() = ±1 or ±j) otherwise needs phase rotation.
	Simple 

	Receiver Complexity


	Simple, able to use Alamouti decoder, no extra complexity on top of 2-tx TxD
	Have to use  MMSE or MLD receiver
	Simple, able to use Alamouti decoder
	Have to use MMSE or more complicated MLD receiver
	Can use simple extended Alamouti decoder or more complicated MMSE receiver which requires 4x4 matrix inverse  

	Mapping
	Pairing two tones 
	Pairing two tones
	Pairing two tones 
	Have to assign four tones together
	Have to assign four tones together


3 Way Forward Proposal
Based on the above analysis summary, as way forward, we propose to adopt SFBC-FSTD as 4-tx transmit diversity for DL-SCH and L1/L2 control channels (i.e., excluding BCH) in E-UTRA downlink.
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