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1 Introduction
At the UL MIMO session in RAN1 meeting #62, three schemes, SORTD, Modified SORTD and SCBC were agreed as candidates for UL TxD with channel selection and that selection of one of them (if TxD is supported) is to be selected in meeting #62bis.
This contribution contains a description of the Modified SORTD scheme.

2 Modified SORTD 
In case of single antenna port transmission with channel selection, the A/N information is encoded by selecting one channel from a set of available channels (consisting of orthogonal resources) and using that channel to transmit a modulation symbol. The combination of the selected channel and the transmitted modulation symbol together is used to transfer the A/N information bits. 
When there are two antenna ports then two orthogonal resources, one per antenna port is needed. The single antenna port scheme is then straightforwardly extended by a selection of two channels (orthogonal resources) from the set of available channels and then using these two selected channels to transmit a modulated symbol. As the same modulated symbol is transmitted from both antenna port using different orthogonal resources, this transmission scheme is similar to SORTD. 

To summarize, in Modified SORTD:
· PUCCH channels (or channel elements, CE) for the first and second antenna port is selected from the pool of N channels, based on the information content 
· One modulated symbol is selected based on information content, replicated, and transmitted from each of the two antenna ports on the selected resource for the corresponding antenna port
When there are 
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 channels available for selection, the number of combinations of selecting two channels out of N is
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. If QPSK modulation is used, then the total number of combinations, or states, is 
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 which can convey at total 
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 A/N bits. 
The values of interest here are N=2,3 or 4 channels for selection
 which then gives that 2,3 or 4 A/N bits respectively can be transmitted. This is equivalent to the RAN1 agreement for the single antenna port case. 
3 Example for 4 bits A/N
In this section, an example is given to further illustrate how Modified SORTD is used for A/N channel selection. As Rel-10 channel selection is optimized for up to 2 CCs, the typical case of 4 bits A/N would be MIMO with two codewords on each CC. An example of Modified SORTD for 4 bits A/N is shown in Table 1. 
The channel selection table is strongly related to resource allocation (e.g. implicit or explicit) and since the resource allocation scheme for channel selection has not been decided yet (even for single antenna case), this table is just an example to describe the principle of Modified SORTD. It may be further optimized when the resource allocation discussion has settled. A similar table for 2 and 3 bits can be constructed.
Note that when presenting simulation results at RAN1#62bis, it is very useful if also the table used in the simulations, or similar information is given for easy validation.

Table 1: Example table of Modified SORTD for 4 bits A/N with channel selection
	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
	　
	


4 Conclusion
In this document, Modified SORTD for A/N with channel selection is described and an example table for 4 bits is given. 
As the performance depends on the table, it is recommended that when presenting simulation results at RAN1#62bis, the table used in the simulations, or similar information shall be given to enable validation.




















































� Note that N=2 case does not involve any selection so the Modified SORTD  becomes the “normal” SORTD as a special case.
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