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1 Introduction
In RAN1 #68bis, the following conclusions were made regarding transmit diversity for PUCCH format 1b with channel selection: 
Continue discussion. Supporting companies of the common solution (SORTD) are tasked to bring a complete solution in the next RAN1 meeting.

In this contribution, we show our views on this topic.
2 Benefits of TxD for PUCCH format 1b with channel selection
In [1], it was discussed that any improved link level performance by introducing transmit diversity for PUCCH format 1b with channel selection may be converted into benefits on the following aspects. 
· Coverage

· PUCCH overhead

· UE battery saving

The following observations were drawn in [1]

Observation 1: Transmit diversity for PUCCH format 1b with channel selection does not provide meaningful coverage enhancement over single antenna port transmission for PUCCH format 1b with channel selection.
Observation 2: Transmit diversity for PUCCH format 1b with channel selection does not provide PUCCH overhead savings compared to single antenna port transmission for PUCCH format 1b with channel selection.
Observation 3: It is likely to have some benefit on UE power consumption by introducing transmit diversity for PUCCH format 1b with channel selection, while the magnitude of such UE power consumption saving is expected to be small.
In summary, it is unclear how much gain in practice can be achieved by transmit diversity for PUCCH format 1b with channel selection. 
3 Resource allocation for SORTD

For FDD or TDD with M = 1, in case of aggregating two serving cells, Table 1 lists the number of required implicit and explicit PUCCH resources for SAP (single antenna port) PUCCH format 1b with channel selection. It shall be noted that CCE aggregation level of 2 is assumed for the serving cell with MIMO transmission modes, in order to maximally utilize the implicit resources. 
For TDD with M = 2, 3, and 4, in case of aggregating two serving cells, Table 2 lists the number of required implicit and explicit PUCCH resources for SAP PUCCH format 1b with channel selection. It is noted that there was no assumption on the CCE aggregation level.

Table 1: Required PUCCH resources for PUCCH format 1b with channel selection, SAP, 
FDD or TDD with M = 1, 2 CCs
	Number of HARQ-ACK Bits (PCell, SCell)
	Self scheduling
	Cross carrier scheduling

	
	# of Implicit resource
	# of Explicit resource
	# of Implicit resource
	# of Explicit resource

	(1, 1)
	1
	1
	2
	0

	(2, 1)
	2
	1
	3
	0

	(1, 2)
	1
	2
	3
	0

	(2, 2)
	2
	2
	4
	0


Table 2: Required PUCCH resources for PUCCH format 1b with channel selection, SAP, 
TDD with M = 2, 3, 4, 2 CCs
	M
	Self scheduling
	Cross carrier scheduling

	
	# of Implicit resource
	# of Explicit resource
	# of Implicit resource
	# of Explicit resource

	2
	2
	2
	4
	0

	3
	2
	2
	4
	0

	4
	2
	2
	4
	0


With SORTD, the number of required PUCCH resources doubles compared to SAP. For antenna port 0, it is preferable that the PUCCH resource allocation as specified in Rel-10 remains, which provides smooth operation during the transition period of enabling/disabling SORTD for PUCCH format 1b with channel selection. Hence, we have the following preference:
Preference 1: If SORTD for PUCCH format 1b with channel selection is introduced in Rel-11, PUCCH resource allocation for antenna port 0 shall be the same as Rel-10.

For the additional PUCCH resources for antenna port 1 in case of SORTD, generally two approaches can be used:

· Approach 1: Assume higher CCE aggregation levels in order to utilize implicit PUCCH resources

· Approach 2: Completely rely on explicit PUCCH resources
The first approach provides PUCCH overhead savings, at the expense of eNB scheduling restrictions since eNB needs to ensure that there is no collision on the PUCCH resources. For FDD and TDD with M = 1, there is already an assumption that CCE aggregation level of 2 is used for PDCCH scheduling a serving cell with MIMO transmission modes. With Approach 1, even higher CCE aggregation level, e.g. of 4, shall be assumed. This would likely to increase the PDCCH overhead, as well as eNB scheduling restrictions. In addition, Approach 1 requires that the PUCCH resources for antenna port 1 is defined separately for each cases as listed in Tables 1 and 2, which increases the specification complexity. Hence, we have the following preference:
Preference 2: If SORTD for PUCCH format 1b with channel selection is introduced in Rel-11, PUCCH resources for antenna port 1 are always explicitly configured by the eNB.
4 Conclusions
In this contribution, we mainly discuss resource allocation for SORTD, in case it is introduced to PUCCH format 1b with channel selection in Rel-11, with the following preferences:

Preference 1: If SORTD for PUCCH format 1b with channel selection is introduced in Rel-11, PUCCH resource allocation for antenna port 0 shall be the same as Rel-10.

Preference 2: If SORTD for PUCCH format 1b with channel selection is introduced in Rel-11, PUCCH resources for antenna port 1 are always explicitly configured by the eNB.
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