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1 Introduction

HARQ-ACK resource indication was agreed for PUCCH Format 3 in order to reduce the respective overhead by allowing RRC-configured resources to be shared among multiple UEs. Collisions can be avoided with negligible scheduling restrictions through the use of a PUCCH resource index that is included in the PDDCH scheduling PDSCH in Scells. In summary, the resource for PUCCH Format 3 is determined as follows:     
a) A UE using PUCCH Format 3 for HARQ-ACK transmission is configured 4 resources through higher layer (RRC) signaling. 
b) The TPC Information Element (IE) in the PDCCH scheduling PDSCH on the Pcell is used to provide the TPC command and the TPC IE (2 bits) in the PDCCH scheduling PDSCH on any Scell is used to index which of the 4 configured resources the UE should use for PUCCH Format 3 transmission.
a. If no PDCCH scheduling PDSCH on any SCell is received, and PDSCH scheduling PDSCH on the PCell is received, the Rel-8 PUCCH 1a/1b format and resource are used.
While the specifications for the UE to determine the PUCCH Format 3 resource are complete, the use of the same mechanism when the UE is configured channel selection for HARQ-ACK transmission in the PUCCH has not been concluded. 
This contribution considers the overhead reductions that can be achieved for channel selection (with PUCCH Format 1b) by using the same PUCCH resource indexing method as for PUCCH Format 3 and shows that they are comparable to those for PUCCH Format 3.
2 Using PUCCH Resource Index for Channel Selection

The use of a PUCCH resource index for channel selection is assumed to be applicable only for resources in response to PDSCH reception in the Scell in case of no cross-cell scheduling (also, RRC-configured resources for HARQ-ACK transmission corresponding to SPS PDSCH in the Pcell are not relevant to the use of a PUCCH resource index). In case of cross-cell scheduling (from the Pcell), using a PUCCH resource index does not provide any overhead reduction while the drawback of not being able to apply power control when the UE misses PDCCH scheduling PDSCH in the Pcell is maintained. Therefore, the use of a PUCCH resource index in case of channel selection is beneficial only in case of no cross-cell scheduling. 
Without cross-cell scheduling, 1-2 RRC-configured resources, depending on the configured TM on the Scell (and possibly on the support of TxD, if specified for channel selection), are required for channel selection (with PUCCH Format 1b). As DL CA configuration to a UE is primarily to support high data rates and as such a UE will be typically experiencing a high SINR, use of DL MIMO may be assumed leading to the requirements of 2 RRC-configured resources for the respective HARQ-ACK transmission from the Scell using channel selection.
Table 1 summarizes the required UL overhead, with and without the use of a PUCCH resource index, for channel selection and for PUCCH format 3 assuming various percentages of the at least 600 active (non-DRX) UEs at 10 MHz [1] with DL CA configuration. Additionally, 1 Scell with SU-MIMO DL TM (no cross-cell scheduling), 
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 for channel selection, multiplexing capacity of 5 UEs per PRB for PUCCH Format 3, and normal CP are assumed. For channel selection, the PUCCH resources corresponding to dynamic PDSCH scheduling in the Pcell are implicitly determined from the respective PDCCH. It is noted that support of channel selection has been agreed to be limited to 2 cells for FDD [2] (the same can apply for TDD regardless of the choice for the candidate mapping table).
As an approximation, the number of UEs sharing the same resources is considered to be equal to the range of the PUCCH resource index which can indicate 4 resources. It is immediately observed that the use of a PUCCH resource index is essential even when only moderate percentages of active UEs are configured with DL CA and that the overhead reduction is similar for channel selection and PUCCH Format 3. 
Table 1: Relative Overhead for HARQ-ACK Transmission with and without PUCCH Resource Indexing.

	
	Channel Selection 
	PUCCH Format 3

	Percentage of UEs with CA Configuration
	Without Index
	With Index
	Without Index
	With Index

	10%
	20%
	5%
	24%
	6%

	20%
	40%
	10%
	48%
	12%

	30%
	60%
	15%
	72%
	18%


In general, the gain from using a PUCCH resource index may vary (e.g. it will become smaller for 
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, larger for extended CP, etc.) but any reduction in the required UL overhead that is greater than a few percentage points is substantial. Therefore, the use of a PUCCH resource index should also apply in case of channel selection (UL overhead reduction for HARQ-ACK transmission with DL CA should not be available only for PUCCH Format 3). 
Moreover, as the mapping tables for channel selection are designed assuming implicit resource allocation and there is no impact from DTX (e.g. [2]), there is no additional issue associated with the use of a PUCCH resource index for channel selection, relative to PUCCH Format 3, when a PDCCH for the Pcell or the Scell does not exist or it is missed by the UE. 
Proposal: The PUCCH resource indexing mechanism for PUCCH Format 3 is also used for channel selection without cross-cell scheduling.

3 Conclusions

This contribution considered the extension for the support of PUCCH resource indexing to channel selection (in addition to PUCCH Format 3) and concludes that PUCCH resource indexing can provide significant overhead reductions also for channel selection.
Proposal: The PUCCH resource indexing mechanism for PUCCH Format 3 is also used for channel selection without cross-cell scheduling.
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