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1.
Introduction
In 3GPP RAN1#62 bis, it has been agreed that if TxD is supported for channel selection (2<=A/N<=4), the alternatives are:

· Alt 1: SORTD

· Number of resources reserved for channel selection doubles the number needed for single antenna case.
· Alt 2: Modified SORTD

· Number of resources reserved for channel selection is the same as the number needed for single antenna case,  select 2 of them to transmit the same modulation symbol.
· Alt 3:  SCBC

· Coding applied on the 2 resources jointly determined by channel selection for transmission, one such example of coding is R1-104452

To decide on one of the alternatives in the next meeting.
It was also decided in RAN1#62 that in the cases SORTD is configured, it will always be used with second resource being determined from (n_CCE+1). However, this decision is not valid for the cases with channel-selection.

This contribution shows simulation results for these multi-A/N signalling methods. 
2. TxD for channel selection
In this chapter we discuss the transmission diversity methods that are suitable for the channel selection scheme. The space diversity can be achieved by utilizing either SORTD (Spatial Orthogonal Resource Transmit Diversity) or SCBC (Space Code Block Coding). 
SORTD

In SORTD, separate PUCCH channels are reserved for both transmit antenna ports.  The mapping 8 PUCCH format 1b channels would be required for carrying just 4 bits of information. These channels can be reserved either implicitly or explicitly.
Modified SORTD
In modified sort the number of resources reserved for channel selection remain  same as the number needed for single antenna case. The table used in evaluation is shown in Table 1 [1].
Table 1 Enhanced SORTD

	A/N bits
	Antenna port#1
	Antenna port#2

	 b0
	b1
	b2
	b3
	 Ch#1
	Ch#2
	Ch#3
	Ch#4
	Ch#1
	Ch#2
	Ch#3
	Ch#4

	0
	0
	0
	0
	s0
	　
	　
	　
	　
	
	s0
	　

	0
	0
	0
	1
	s1
	　
	　
	　
	　
	
	s1
	　

	0
	0
	1
	0
	s2
	　
	　
	　
	　
	
	s2
	　

	0
	0
	1
	1
	s3
	　
	　
	　
	　
	
	s3
	　

	0
	1
	0
	0
	　
	s0
	
	　
	s0
	　
	　
	

	0
	1
	0
	1
	　
	s1
	
	　
	s1
	　
	　
	

	0
	1
	1
	0
	　
	s2
	
	　
	s2
	　
	　
	

	0
	1
	1
	1
	　
	s3
	
	　
	s3
	　
	　
	

	1
	0
	0
	0
	
	　
	s0
	　
	
	　
	
	s0

	1
	0
	0
	1
	
	　
	s1
	　
	
	　
	
	s1

	1
	0
	1
	0
	
	　
	s2
	　
	
	　
	
	s2

	1
	0
	1
	1
	
	　
	s3
	　
	
	　
	
	s3

	1
	1
	0
	0
	　
	
	　
	s0
	
	s0
	　
	

	1
	1
	0
	1
	　
	
	　
	s1
	
	s1
	　
	

	1
	1
	1
	0
	　
	
	　
	s2
	
	s2
	　
	

	1
	1
	1
	1
	　
	
	　
	s3
	
	s3
	　
	


SCBC

The spatial block coding can also be directly applied over PUCCH Format 1b channels. The exemplary mapping for 4 PUCCH channels is shown in Table 2 [2]
Table 2 SCBC
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3. Evaluation
The performance comparison between SCBC, modified SORTD, SORTD and single antenna transmission is shown in Figure 1. Simulation assumptions are align with [3] and given also in Table 2.   Both modified SORTD and SCBC suffer from NACK to ACK requirements resulting negative gain compared to Tx diversity.  The SORTD gives 1 dB Tx diversity gain.
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Figure 1 Performance comparison between SORTD and SCBC based channel selection diversity schemes 

.
4.
Conclusions
In this contribution, we compared the performance of SORTD with two other TxD methods that keep the PUCCH Format 1b resource consumption at the level of single antenna transmission.  We found out that the performance of SCBC and modified SORTD is not sufficient in the case of fully implicit resource allocation. However, as pointed out in [2] SCBC does not suffer from these problems in the case of explicit resource allocation where multiple resources subject to channel selection are located on the same PRB. In this case RS signals from different antennas can be allocated to fixed channels or the channels could be selected based on the information content. 
Furthermore, we show 1 dB gain for multiantenna SORTD over single antenna transmission. Because of the fact that multi-antenna transmission using SORTD duplicates the number of needed channels compared to single antenna transmission, we need to further investigate feasibility of explicit and implicit resource allocation schemes in combination with channel selection. 
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Appendix
Table 3 Simulation assumptions

	Parameters
	Value

	Carrier frequency
	2.0 GHz

	System bandwidth
	10 MHz 

	Channel model
	 TU

	Frequency hopping
	at slot boundary

	Antenna setup
	1x2 and 2x2,  spatially separated elements : 0.5 lambda in UE and 4 lambda in BS

	RX antenna correlation
	According to spatial distance

	Channel estimation
	Practical (Averaging over all RS symbols in slot)

	CP type
	normal CP

	Signal bandwidth
	180 kHz

	RX false alarm detection threshold
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	Noise estimation
	Ideal

	Number of UEs
	1

	Number of PRBs for PUCCH
	1


� EMBED Equation.3  ���
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