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1 Introduction
At RAN1#62 meeting, three alternatives including SORTD, M-SORTD and SCBC were listed as the candidate TxD schemes for PUCCH with channel selection (2≤  A/N bits  ≤4), and it was agreed that one of these alternatives will be decided at RAN1#62bits meeting [1] provided that there is gain over single antenna operation.
In this contribution, the resource allocation for TxD is discussed and the related performance comparison of the three alternatives under the resource allocation assumption is done. Based on the discussion and simulation results in this contribution, we propose that
· four resources are always used for channel selection when TxD is configured

· for the implicit resource reservation, nCCE and nCCE+1  are used to reserve the A/N resources as in the case w/o channel selection

· for 2 and 3 A/N bits, SORTD is used together with channel selection of a group of two out of the four resources
· for 4 A/N bits, transmit diversity is not supported
2 Assumption on resource allocation to support TxD
For single antenna case, it has been agreed that 2/3/4 resources are reserved for 2/3/4 bits A/N channel selection respectively. Furthermore, the working assumption for resource allocation implies that the reserved resources are implicitly or explicitly derived from different PDCCHs depending on transmitted on the Pcell or Scell [2]. Hence if one PDCCH is missed to be detected, the corresponding resource(s) will not be available.
For TxD, two resources are needed for each A/N transmission since one resource per antenna is required. However, according to the current resource assumption for single antenna case, it cannot be guaranteed that there are two resources available for TxD when the PDCCH corresponding to one of the resources is missed. For instance, the two resources for 2 bits channel selection come from two PDCCHs for Pcell and Scell respectively. For this case, there will be only one resource available when either Pcell PDCCH or Scell PDCCH is missed, and therefore TxD can not be used and it has to fall back to SIMO. The dynamic switching between TxD and SIMO is not desirable for PUCCH due to the fluctuating performance and due to detection complexity. Hence TxD should be always on once it is configured for PUCCH with channel selection.
In order to enable TxD to be always on after configuration, it is necessary to extend the current resource allocation assumption for single antenna case. We assume that nCCE and nCCE+1 of PDCCH are used to implicitly derive two resources as the agreed SORTD resource allocation when the PDCCH is transmitted on the Pcell; otherwise two resources can be explicitly obtained from ARI in PDCCH. 
Based on the assumption, there will be 4 resources to be reserved for 2/3/4 bits A/N channel selection when TxD is applied. It is noted that two cells aggregation is assumed here because channel selection is mainly optimized for the two cell aggregation case. 
3 Performance evaluation 
As the A/N mapping tables for 2/3/4 bits in case of single antenna case have not been finalized, the reference mapping tables in [3] are extended for the evaluation of these three alternatives based on the resource assumption in section 2. The extended mapping tables are listed in Appendix I Table 3~9.
For SORTD, the reserved 4 resources are sufficient for both 2 and 3 bits channel selection with 4 and 8 A/N states respectively. The reserved 4 resources are divided into two groups, and there are 2 resources per group to do “normal” SORTD transmission. Each group represents 2 or 4 A/N states depending on BSPK or QPSK modulation. However, for the 4 bit case, four additional resources, i.e. 8 resources, are needed to perform “normal” SORTD transmission.
For M-SORTD, there are six resource combinations when two of the four reserved resources are selected. In case of 2 or 3 bits, M-SORTD is equivalent to SORTD when the selected two resource combinations are same as the two groups of SORTD. Hence, in the evaluation, it is assumed that SORTD and M-SORTD share the same A/N mapping tables for 2/3 bits channel selection. 
For SCBC, the 4 bits A/N mapping table comes from [4] and 2/3 bits tables are derived from 4 bits table.
The simulation assumptions are listed in Table 10. In the evaluation, three cases Pr(DTX->ACK), Pr(ACK->NACK or DTX) and Pr(NACK->ACK) are simulated for each alternative. The required SNR shall fulfill the following requirements 

Pr(DTX->ACK)<=10-2
Pr(ACK->NACK or DTX)<= 10-2
Pr(NACK->ACK)<= 10-3
The required SNR [dB] for each alternative is summarized in Table 1 and 2 corresponding to the maximum likelihood (ML) and a Normal receiver, respectively. The scheme that provides the lowest SNR is highlighted in green. The detail of simulation results is contained in Appendix III.
Table 1: Required SNR [dB] in case of ML receiver

	A/N bits
	SIMO
	SORTD
	M-SORTD
	SCBC

	2
	-7.8
	-9.0
	-9.0
	-6.5

	3
	-6.6
	-7.6
	-7.6
	-5.2

	4
	-7.2
	-7.8
	-6.3
	-5.1


Table 2: Required SNR [dB] in case of Normal receiver

	A/N bits
	SIMO
	SORTD
	M-SORTD
	SCBC

	2
	-6.0
	-7.0
	-7.0
	-6.9

	3
	-5.9
	-7.0
	-7.0
	-6.8

	4
	-5.5
	-6.5
	-4.0
	-6.2


Based on the simulation results, the following observations are made
· For SIMO, the performance of ML receiver is much better than that of Normal receiver.

· SORTD provides the best performance regardless of the receiver, and there is more than 1dB gain for 2/3 bits and 0.6~1.0dB gain for 4 bits over SIMO.

· M-SORTD does not work well for 4 bits case.
· SCBC shows gain over SIMO in case of Normal receiver. However, when ML receiver is used, the performance is worst because of resource overlapping between some A/N states.

· SORTD and SCBC show the similar gain over SIMO in case of Normal receiver, and SORTD is slightly better than SCBC.

· If comparing the performance of SORTD/SCBC (Normal receiver) with SIMO (using ML receiver), it is worse than SIMO for 2/4 bits and there is only 0.2~0.4dB gain for 3 bits.
According to the performance gain evaluations, SORTD with four reserved resources is the best TxD scheme for PUCCH with channel selection and can provide a significant 1.0-1.2 dB gain for 2 and 3 bit A/N over the single antenna case. 
However, in case of 4 bits A/N, four additional, in total 8 resources needs to be reserved to see gains with transmit diversity over single antenna operation under the assumption of ML detector.  It is therefore not recommended to specify TxD in the 4 bit case. 
4 Conclusion

According to the discussion and performance comparison for the three alternatives, we propose that
· four resources are always used for channel selection when TxD is configured

· for the implicit resource reservation, nCCE and nCCE+1 are used to reserve the A/N resources as in the case w/o channel selection

· for 2 and 3 A/N bits, SORTD is used together with channel selection of a group of two out of the four resources
· for 4 A/N bits, transmit diversity is not supported
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Appendix I

· SIMO: 2/3/4 bits A/N mapping tables refer to [3]
· SORTD/M-SORTD/SCBC
Table 3: 2 bits A/N mapping table for SORTD and M-SORTD
	
	Antenna port #0
	Antenna port #1

	
	S0
	S2
	S1
	S3

	A,A
	
	-1
	
	-1

	A,N
	-1
	
	-1
	

	N,A
	
	1
	
	1

	N,N
	1
	
	1
	


Table 4: 2 bits A/N mapping table for SCBC

	
	Antenna port #0
	Antenna port #1

	
	S0
	S1
	S2
	S3
	S0
	S1
	S2
	S3

	A,A
	
	
	
	-1
	
	
	1
	

	A,N
	
	
	-1
	
	
	
	
	-1

	N,A
	
	-1
	
	
	1
	
	
	

	N,N
	-1
	
	
	
	
	-1
	
	


Table 5: 3 bits A/N mapping table for SORTD and M-SORTD

	
	Antenna port #0
	Antenna port #1

	
	S0
	S2
	S1
	S3

	A,A,A
	
	-1
	
	-1

	A,A,N
	
	j
	
	j

	A,N,A
	
	-j
	
	-j

	A,N,N
	
	1
	
	1

	N,A,A
	-1
	
	-1
	

	N,A,N
	j
	
	j
	

	N,N,A
	-j
	
	-j
	

	N,N,N
	1
	
	1
	


Table 6: 3 bits A/N mapping table for SCBC

	
	Antenna port #0
	Antenna port #1

	
	S0
	S1
	S2
	S3
	S0
	S1
	S2
	S3

	A,A,A
	
	
	
	-1
	
	
	1
	

	A,A,N
	
	
	
	1
	
	
	-1
	

	A,N,A
	
	
	-1
	
	
	
	
	-1

	A,N,N
	
	
	 1
	
	
	
	
	 1

	N,A,A
	
	-1
	
	
	1
	
	
	

	N,A,N
	
	1
	
	
	-1
	
	
	

	N,N,A
	-1
	
	
	
	
	-1
	
	

	N,N,N
	1
	
	
	
	
	1
	
	


Table 7: 4 bits A/N mapping table for SORTD
	
	Antenna port #0
	Antenna port #1

	
	S0
	S2
	S4
	S6
	S1
	S3
	S5
	S7

	A,A,A,A
	
	
	
	-1
	
	
	
	-1

	A,A,A,N
	
	
	
	j
	
	
	
	j

	A,A,N,A
	
	
	
	-j
	
	
	
	-j

	A,A,N,N
	
	
	
	1
	
	
	
	1

	A,N,A,A
	
	
	-1
	
	
	
	-1
	

	A,N,A,N
	
	
	j
	
	
	
	j
	

	A,N,N,A
	
	
	-j
	
	
	
	-j
	

	A,N,N,N
	
	
	1
	
	
	
	1
	

	N,A,A,A
	
	-1
	
	
	
	-1
	
	

	N,A,A,N
	
	j
	
	
	
	j
	
	

	N,A,N,A
	
	-j
	
	
	
	-j
	
	

	N,A,N,N
	
	1
	
	
	
	1
	
	

	N,N,A,A
	-1
	
	
	
	-1
	
	
	

	N,N,A,N
	j
	
	
	
	j
	
	
	

	N,N,N,A
	-j
	
	
	
	-j
	
	
	

	N,N,N,N
	1
	
	
	
	1
	
	
	


Table 8: 4 bits A/N mapping table for M-SORTD

	
	Antenna port #0
	Antenna port #1

	
	S0
	S1
	S2
	S3
	S0
	S1
	S2
	S3

	A,A,A,A
	
	
	
	-1
	
	-1
	
	

	A,A,A,N
	
	
	
	j
	
	j
	
	

	A,A,N,A
	
	
	
	-j
	
	-j
	
	

	A,A,N,N
	
	
	
	1
	
	1
	
	

	A,N,A,A
	
	
	-1
	
	
	
	
	-1

	A,N,A,N
	
	
	j
	
	
	
	
	j

	A,N,N,A
	
	
	-j
	
	
	
	
	-j

	A,N,N,N
	
	
	1
	
	
	
	
	1

	N,A,A,A
	
	-1
	
	
	-1
	
	
	

	N,A,A,N
	
	j
	
	
	j
	
	
	

	N,A,N,A
	
	-j
	
	
	-j
	
	
	

	N,A,N,N
	
	1
	
	
	1
	
	
	

	N,N,A,A
	-1
	
	
	
	
	
	-1
	

	N,N,A,N
	j
	
	
	
	
	
	j
	

	N,N,N,A
	-j
	
	
	
	
	
	-j
	

	N,N,N,N
	1
	
	
	
	
	
	1
	


Table 9: 4 bits A/N mapping table for SCBC [4]
	
	Antenna port #0
	Antenna port #1

	
	S0
	S1
	S2
	S3
	S0
	S1
	S2
	S3

	A,A,A,A
	
	
	
	-1
	
	
	1
	

	A,A,A,N
	
	
	
	j
	
	
	j
	

	A,A,N,A
	
	
	
	-j
	
	
	-j
	

	A,A,N,N
	
	
	
	1
	
	
	-1
	

	A,N,A,A
	
	
	-1
	
	
	
	
	-1

	A,N,A,N
	
	
	j
	
	
	
	
	-j

	A,N,N,A
	
	
	-j
	
	
	
	
	j

	A,N,N,N
	
	
	1
	
	
	
	
	1

	N,A,A,A
	
	-1
	
	
	1
	
	
	

	N,A,A,N
	
	j
	
	
	j
	
	
	

	N,A,N,A
	
	-j
	
	
	-j
	
	
	

	N,A,N,N
	
	1
	
	
	-1
	
	
	

	N,N,A,A
	-1
	
	
	
	
	-1
	
	

	N,N,A,N
	j
	
	
	
	
	-j
	
	

	N,N,N,A
	-j
	
	
	
	
	j
	
	

	N,N,N,N
	1
	
	
	
	
	1
	
	


Note: 

In the above tables, S0, S1, S2 and S3 are assumed to be the four reserved resources, where S0 and S1 are derived from the PDCCH for Pcell PDSCH, S2 and S3 are derived from PDCCH for Scell PDSCH.
Appendix II

Table 10: 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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	Receiver Type
	ML: sequence correlation 

Normal: channel estimation and detection


Appendix III

ML receiver:
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Fig.1                                                                           Fig.2
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Normal receiver:
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