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1 Introduction
In Rel-10, transmit diversity (TxD) scheme was defined for different PUCCH formats except format 1b with channel selection, and the adopted TxD scheme is SORTD (Spatial Orthogonal Resource Transmit Diversity). For these PUCCH formats with SORTD, it has been verified that there is significant performance gain over single antenna port transmission. To further optimize the performance of format 1b with channel selection, it is decided to investigate TxD scheme for format 1b with channel selection [1]. 
In this document, SORTD as the TxD scheme for format 1b with channel selection is discussed and the performance gain over single antenna port transmission is evaluated. Based on the discussion and evaluation results, we propose that SORTD is the transmit diversity scheme for format 1b with channel selection.  
2 SORTD for format 1b with channel selection
Actually TxD scheme for format 1b with channel selection had been discussed in Rel-10, and it was agreed to adopt SORTD if TxD is supported for format 1b with channel selection. However, several companies raised the concern on resource overhead because the number of reserved resources for single antenna port needs to be double to support SORTD. Finally, there was no consensus on this issue due to lack of time for discussion. Hence, both performance gain and the impact of resource overhead shall be taken into account for the TxD scheme selection in Rel-11. 
2.1 Performance evaluation

To obtain performance gain especially for UEs with lower SNR (i.e. power limited scenario) is the basic motivation to introduce TxD scheme. For the lower SNR UEs, the performance gain provided by TxD can increase cell coverage. Alternatively the transmission power can be reduced while maintaining the same cell coverage, which can prolong battery life and reduce the interference to other UEs. Thus the TxD scheme shall show promising performance gain over single antenna port transmission at least.  

In Rel-10, there were three TxD candidate schemes for format 1b with channel selection, which are SORTD, modified SORTD [2], SCBC (Spatial Code Block Coding) [3]. The evaluation results have shown that SORTD provides the best performance for format 1b with channel selection and is robust to receiver among these three candidate schemes [4]~[9], and therefore SORTD is preferred to be TxD scheme for format 1b with channel selection from performance gain perspective. 

Although these results are not based on the final agreed ACK/NACK mapping table [10], the observation reflects the performance trend. To further verify the performance gain provided by SORTD over single antenna port, link level simulation is performed according to the defined Rel-10 2/3/4 bits ACK/NACK mapping table for format 1b with channel selection. The 2/3/4 bits ACK/NACK mapping tables are extended for SORTD respectively, which are shown in Appendix I. In the ACK/NACK mapping table for SORTD, each ACK/NACK state is mapped onto two orthogonal resources and two same modulation symbols, wherein two antenna ports transmit the same modulation symbol using these two orthogonal resources.  
The simulation assumptions are listed in Table 5. In the simulation, three cases Pr(DTX->ACK), Pr(ACK->NACK/DTX) and Pr(NACK->ACK) are simulated. The required SNR shall fulfill the following requirements
Pr(DTX->ACK)≤10-2 
Pr(ACK->NACK/DTX) ≤10-2
Pr(NACK->ACK)≤10-3
The required SNR [dB] for SORTD and single antenna port case is summarized in Table 1.The detail of simulation results is contained in Appendix III. 
Table 1: Required SNR [dB] for SORTD and single antenna port transmission
	Number of ACK/NACK bits
	Single antenna port
	SORTD

	2
	-7.8
	-9.0

	3
	-7.2
	-8.0

	4
	-6.8
	-7.6


From the evaluation results, it can be observed that SORTD provides 0.8~1.2dB gain over single antenna port transmission depending on the number of ACK/NACK bits, which aligns with the evaluation results in Rel-10. Hence, from performance improvement point of view, SORTD should be adopted as the TxD scheme for format 1b with channel selection. 
2.2 Resource overhead of SORTD  
According to the discussion in section 2.1, the number of required resources for 2/3/4 bits ACK/NACK mapping table is 4/6/8 respectively when SORTD is applied. There will be 2/3/4 additional resources needed in addition to the current resources allocated for single antenna port case. Whether the impact of increased resource overhead is serious or not would depend on the number of SORTD configured UEs and resource allocation.  
Firstly, there is the assumption for carrier aggregation “Do not optimize the A/N feedback for multiple DL CC assuming large number of UEs being simultaneously scheduled on multiple DL CCs”. It implies that the typical scenario is there will be only small number of UEs performing carrier aggregation simultaneously. Even for the small number of UEs performing carrier aggregation simultaneously, only a part of UEs may use format 1b with channel selection. Furthermore, SORTD is configurable and up to eNodeB configuration and it can be utilized for a few UEs that really need performance improvement, e.g. power limited or cell-edge scenario.  Hence there will be only a few UEs to use SORTD for format 1b with channel selection simultaneously.
Secondly, if the resource allocation is well designed, it can further alleviate the impact of the resource overhead increase. For example, the principle of Rel-10 resource allocation for format 1b with channel selection (i.e. full implicit or hybrid implicit and ARI (ACK/NACK resource indication) based explicit resource allocation) can be reused to dynamically allocate resource and increase the efficiency of resource usage. 
We will take 2 CCs carrier aggregation in FDD to illustrate how to allocate the resources needed for SORTD. As format 1b with channel selection is mainly optimized for the 2 CCs case, there will be up to two PDCCHs transmitted simultaneously.  In case of cross-carrier scheduling from PCell, two resources can be derived from each PDCCH on the PCell by using nCCE and nCCE+1, and therefore four resources are obtained implicitly. These four implicit resources are sufficient for 2 bits channel selection with SORTD. However, 2 or 4 additional explicit resources would be needed for 3 or 4 bits channel selection with SORTD respectively. In case of non cross-carrier scheduling, there are only two implicit resources available which are derived from nCCE and nCCE+1 of  PDCCH on the PCell, and therefore 2/4/6 explicit resources derived from ARI of the PDCCH transmitted on SCell are needed for 2/3/4 bits channel selection with SORTD respectively. For the additional resources indicated by ARI, they are reserved by RRC and these resources could be shared by many UEs, and therefore the resource usage is effective.

All in all, we do not see the resource overhead as an issue for supporting SORTD for format 1b with channel selection. 
3 Conclusion

According to the performance comparison and the discussion on resource overhead issue in this contribution, we propose 

· SORTD is supported as the TxD scheme for format 1b with channel selection.
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Appendix I
                                       Table 2: 2 bits SORTD ACK/NACK mapping table
	ACK/NACK state
	Antenna port#0
	Antenna port#1

	
	S0
	S1
	S2
	S3

	ACK, ACK
	
	-1
	
	-1

	ACK,NACK/DTX
	-1
	
	-1
	

	NACK/DTX,ACK
	
	1
	
	1

	NACK,NACK/DTX
	1
	
	1
	


Table 3: 3 bits SORTD ACK/NACK mapping table
	ACK/NACK state
	Antenna port #0
	Antenna port#1

	
	S0
	S1
	S2
	S3
	S4
	S5

	ACK,ACK,ACK
	
	-1
	
	
	-1
	

	ACK,NACK/DTX,ACK
	
	j
	
	
	j
	

	NACK/DTX,ACK,ACK
	
	-j
	
	
	-j
	

	NACK/DTX,NACK/DTX,ACK
	
	
	-1
	
	
	-1

	ACK,ACK,NACK/DTX
	-1
	
	
	-1
	
	

	ACK,NACK/DTX,NACK/DTX
	j
	
	
	j
	
	

	NACK/DTX,ACK,NACK/DTX
	-j
	
	
	-j
	
	

	NACK/DTX,NACK/DTX,NACK
	
	
	1
	
	
	1

	NACK,NACK/DTX,DTX
	1
	
	
	1
	
	

	NACK/DTX,NACK,DTX
	1
	
	
	1
	
	


Table 4: 4 bits SORTD ACK/NACK mapping table

	ACK/NACK state
	Antenna port #0
	Antenna port#1

	
	S0
	S1
	S2
	S3
	S4
	S5
	S6
	S7

	ACK,ACK,ACK,ACK
	
	-1
	
	
	
	-1
	
	

	ACK, NACK/DTX, ACK, ACK
	
	
	-j
	
	
	
	-j
	

	NACK/DTX, ACK, ACK, ACK
	
	-j
	
	
	
	-j
	
	

	NACK/DTX, NACK/DTX, ACK,ACK
	
	
	
	-1
	
	
	
	-1

	ACK,ACK,ACK,NACK/DTX
	
	j
	
	
	
	j
	
	

	ACK,NACK/DTX,ACK,NACK/DTX
	
	
	1
	
	
	
	1
	

	NACK/DTX,ACK,ACK,NACK/DTX
	
	1
	
	
	
	1
	
	

	NACK/DTX,NACK/DTX,ACK,NACK/DTX
	
	
	
	j
	
	
	
	j

	ACK,ACK,NACK/DTX,ACK
	
	
	-1
	
	
	
	-1
	

	ACK,NACK/DTX,NACK/DTX,ACK
	
	
	j
	
	
	
	j
	

	NACK/DTX,ACK,NACK/DTX,ACK
	
	
	
	-j
	
	
	
	-j

	NACK/DTX,NACK/DTX,NACK/DTX,ACK
	
	
	
	1
	
	
	
	1

	ACK,ACK,ACK/DTX,NACK/DTX
	-1
	
	
	
	-1
	
	
	

	ACK,NACK/DTX,NACK/DTX,NACK/DTX
	j
	
	
	
	j
	
	
	

	NACK/DTX,ACK,NACK/DTX,NACK/DTX
	-j
	
	
	
	-j
	
	
	

	NACK/DTX,NACK,NACK/DTX,NACK/DTX
	1
	
	
	
	1
	
	
	

	NACK,NACK/DTX,NACK/DTX,NACK/DTX
	1
	
	
	
	1
	
	
	


Note: S0~S7 represent the reserved resources.
Appendix II

Table 5: Simulation assumptions

	Parameter
	Value

	Carrier frequency
	2GHz

	Channel model
	EPA/5MHz

	Velocity
	3km/h

	Frequency hopping
	At slot boundary

	Antenna configuration
	1×2/2×2

	RX antenna correlation
	Uncorrelated

	CP
	Normal

	Signal bandwidth
	180kHz

	RX false alarm detection threshold
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Note: One error for each falsely generated ACK bit

	Noise estimation
	Ideal

	Number of UEs
	1

	Number of PRBs for PUCCH
	1
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Fig.1                                                                         Fig.2
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Fig.3                                                                          Fig.4
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Fig.5                                                                              Fig.6
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