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1. Introduction

In RAN1#62b, the format 3 resource indexing has been discussed. Three alternatives for PRB/OC index determination were proposed for further consideration. In addition, for PUCCH format 3 resource allocation, it was agreed to reuse the TPC field (2 bits) in the PDCCH corresponding to PDSCH on SCell as ARI to indicate an explicit resource derived from the RRC configured resource(s). However, the details on RRC configuration and ARI are still open. In this contribution, we discuss these remaining issues on PUCCH format 3.
2. PRB/OC index determination
The following three alternatives for the PUCCH format 3 PRB/OC indexing were proposed in RAN1#62b:

· Alt 1: SF in the first slot
For this approach, the multiplexing capacity of PUCCH format 3 is always 5, irrespective of SRS or non-SRS subframes. The parameter PUSCH-HoppingOffset
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, representing the bandwidth of PUCCH, shall be configured according to the PUCCH overhead in non-SRS subframes. Therefore, the PUCCH overhead is minimum. On the other hand, in SRS subframes, two PUCCH format 3 resource indices are mapped to the same physical resources (i.e. PRB and OC sequence). Hence, scheduler restriction is applied in SRS subframes to insure that the same PUCCH format 3 physical resource is not assigned to multiple UEs.
· Alt 2: SF in the second slot
In this case, the multiplexing capacity of PUCCH format 3 varies between SRS and non-SRS subframe. Consequently, the number of PRBs occupied by PUCCH format 3 may change between subframes. In other words, the same PUCCH format 3 resource index may point to different physical resource (PRB and OC sequence) in SRS and non-SRS subframes. Further, the parameter
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 shall be configured according to the PUCCH overhead in SRS subframes. In non-SRS subframes, if the last a few PRBs configured for PUCCH format 3 are vacant, they are potentially available for PUSCH transmission [1]. 
· Alt 3: SF of 4 always assumed

For this approach, the PUCCH overhead is same as Alt.2. The benefit of this approach is that the same PUCCH format 3 resource index always points to the same physical resource, irrespective of the subframe type (i.e. SRS or non-SRS subframe). This facilitates ICIC on PUCCH format 3 PRBs [1]. On the other hand, the spectral efficiency of Alt.3 is lowest, since even in non-SRS subframe, the 5th OC sequence is left unused. 
Among the above three alternatives, Alt.1 is not preferable, since scheduler restriction is required for eNB. 
It is also preferable that a higher layer signaling is provided to indicate the starting PRB of PUCCH format 3. The range of this higher layer signaling shall be sufficiently wide such that the location of PUCCH format 3 resources can be flexibly controlled by eNB.
3. ARI for PUCCH format 3
There are two methods for PUCCH format 3 resource indication with ARI:
· Alt 1: Higher layer configures 4 resources, and ARI indicates one of them to use in an UL subframe
This approach is similar to the PUCCH resource allocation of Rel-8 DL SPS transmission. The ARI in PDCCH indicates one of the resource indices by a defined mapping, as shown in Table 1.
Table 1: ARI mapping for resource index

	ARI
	Resource used for ACK/NAK transmission

	“00”
	The first PUCCH format 3 resource configured by higher layers

	“01”
	The second PUCCH format 3 resource configured by higher layers

	“10”
	The third PUCCH format 3 resource configured by higher layers

	“11”
	The fourth PUCCH format 3 resource configured by higher layers


· Alt 2: Higher layer configures 1 resource,  and ARI indicates an offset relative to the configured resource
Denote the index of the PUCCH format 3 resource configured by RRC as 
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, and the offset between the configured PUCCH format 3 recourse and the ARI indicated PUCCH format 3 resource as 
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, where the step size of 
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 can be fixed by specification or configured by higher layer, and an example of ARI mapping for 
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 is shown in Table 2. UE shall use the PUCCH format 3 resource with index 
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 to transmit ACK/NAK, if indicated by the ARI in PDCCH. 
Table 2: ARI mapping for resource offset

	ARI
	Resource used for ACK/NAK transmission

	“00”
	The PUCCH resource with k = 0

	“01”
	The PUCCH resource with k = 1

	“10”
	The PUCCH resource with k = 2

	“11”
	The PUCCH resource with k = 3


Among the two alternatives, our preference is Alt 1, since Alt 1 is the same as the Rel-8 SPS ACK/NAK resource allocation while Alt 2 does not provide any meaningful gain over Alt 1. 
4. Conclusions

In this contribution, we discuss the remaining details on PUCCH format 3, with the following proposals:
Proposal 1: For PUCCH format 3 PRB/OC determination, either Alt. 2 or Alt. 3 shall be adopted.
Proposal 2: A higher layer signaling is provided to indicate the starting PRB for PUCCH format 3.

Proposal 3: For PUCCH format 3, four PUCCH format 3 resources are configured by RRC, and ARI indicates one of them for each UL subframe.
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