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1. Introduction

In RAN1#62, the general agreements for PUCCH format 3 resource allocation were made:

· Explicit A/N resource allocation configured by RRC
· PDCCH corresponding to PDSCH on SCell shall indicate a resource (“A/N Resource Indicator”, ARI) derived from the RRC configured resource(s)

· If no PDCCH corresponding to PDSCH on SCells is received, and PDSCH is received on the PCell, one of the following shall be agreed:

· Either Rel-8 resource is used, or

· PDCCH corresponding to PDSCH on PCell indicates a resource (“A/N Resource Indicator”, ARI) derived from the RRC configured resource(s)

· The UE assumes same ARI for all PDCCHs corresponding to PDSCH on SCells

· The ARI does not increase the DCI format size

In this contribution, we discuss the remaining details on resource allocation for PUCCH format 3 without and with TxD.
2. Design of ARI

To improve the utilization of Rel-8 implicit PUCCH format 1a/1b resources, one state of ARI can be reserved for explicit indication of the implicit PUCCH format 1a/1b resource on PCC. Figure 1 shows an example where only PDSCH on one SCell is scheduled with the corresponding PDCCH on PCell and eNB can configure UE to use the implicit PUCCH format 1a/1b resource on PCell to transmit ACK/NAK.

[image: image1.emf]PDSCH

PDCCH

PCell

SCell


Figure.1 Cross carrier scheduling

Given that ARI shall not increase the DCI format sizes, it is necessary to discuss which field in DCI format can be reused as ARI. For FDD, the TPC field in DL grant corresponding to SCell can be reused as ARI, and TPC field in DL grant corresponding to PCell is used adjust the PUCCH transmit power [1]. With such a design, the following cases are possible:
· If PDSCH is received on both PCell and SCell, UE shall use PUCCH format 3 to transmit ACK/NAK on the PUCCH format 3 resource indicated by the ARI (or TPC) in the PDCCH corresponding to SCell. The PUCCH transmit power shall be adjusted according to the TPC command in DL grant corresponding to PCell.
· If PDSCH is received only on PCell, UE shall use PUCCH format 1a/1b to transmit ACK/NAK on the implicit Rel-8 resource. The PUCCH transmit power shall be adjusted according to the TPC command in DL grant corresponding to PCell.
· If PDSCH is only received on SCell, UE shall transmit ACK/NAK using PUCCH format 3 on the resource indicated by the ARI (or TPC) in the PDCCH corresponding to SCell. The PUCCH transmit power can be adjusted according to the TPC command in DCI format 3/3A, or remain the same as the latest PUCCH transmit power when DCI format 3/3A is not received.
According to the above UE behavior, in case all DL grants corresponding to SCells are missed and the PDSCH on PCell is received, UE shall transmit ACK/NAK on the implicit Rel-8 PUCCH format 1a/1b resource. However, eNB may expect the UE to use PUCCH format 3. Thus, eNB has to perform blind detection on two different PUCCH formats when PDSCH is scheduled on both PCell and SCells. Avoiding such blind detection at eNB is preferable from implementation perspective. 
While reusing TPC field seems to be the only option for ARI design in FDD, there are other viable fields in DCI format that can be reused for ARI in TDD. One example is the DAI field in TDD DL grants. For TDD ACK/NAK design in Rel-10 CA, it is possible that DAI bits are not used if only ACK/NAK full multiplexing is supported [2]. Hence, the DAI bits in DL grant on both PCell and SCell can be reused as ARI. The advantage of reusing DAI is that UE knows the ACK/NAK resource as long as any one of the PDCCHs is received. Thus, eNB blind detection on different PUCCH formats can be avoided for dynamic ACK/NAK transmission.
3. Resource allocation methods
3.1. PUCCH format 3 without TxD
The following two alternatives for PUCCH format 3 resource allocation can be considered:
Alt.1: Multiple PUCCH format 3 resources are configured by RRC, and ARI indicates one of them or the implicit Rel-8 PUCCH format 1a/1b resource in each 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 or the implicit Rel-8 PUCCH format 1a/1b resource by a defined mapping. The number of configured PUCCH format 3 resources by higher layers depends on the ARI bit width. An example of 2-bit ARI is shown in Table 1.
Table 1: ARI mapping for resource index
	ARI
	Resource used for ACK/NAK transmission

	“00”
	The implicit Rel-8 format 1a/1b resource

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

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

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


Alt 2: A single PUCCH format 3 resource is configured by RRC, and ARI indicates an offset relative to the configured PUCCH format 3 resource or the implicit Rel-8 PUCCH format 1a/1b resource in each UL subframe.
Denote the index of the PUCCH format 3 resource configured by RRC as 
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, where the step size of 
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 can be fixed by specification or configured by higher layer. 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. An example of 2-bit ARI is shown in Table 2.
Table 2: ARI mapping for resource offset

	ARI
	Resource used for ACK/NAK transmission

	“00”
	The implicit Rel-8 resource

	“01”
	The PUCCH resource with 
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	“10”
	The PUCCH resource with 
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	“11”
	The PUCCH resource with 
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Among the two alternatives, our preference is Alt.1, since Alt1 is the same as the Rel-8 SPS ACK/NAK resource allocation while Alt. 2 does not provide any meaningful gain over Alt. 2. 
3.2. PUCCH format 3 with TxD
According to the evaluations in [3], SORTD provides the best ACK/NAK detection performance and hence is the preferred choice for PUCCH format 3 TxD scheme. With SORTD, two resources are needed for the two transmit antenna ports at UE. The following methods for PUCCH format 3 resource allocation with TxD can be considered:
Option 1: Higher layer configures multiple PUCCH format 3 resource pairs, and each pair contains two different PUCCH format 3 resources. ARI in DL grant indicates one of the configured PUCCH format 3 resource pairs or the implicit Rel-8 PUCCH format 1a/1b resource.

Option 2: Higher layer configures multiple PUCCH format 3 resources. ARI in DL grant indicates one of the configured PUCCH format 3 resources or the implicit Rel-8 PUCCH format 1a/1b resource for the first antenna port (AP). The resource for the second AP has an offset relative to the resource of the first AP, where the offset can be fixed by specification or semi-statically configured by higher layers.

For PUCCH format 1/1a/1b with TxD, it has been agreed that the resource for the second AP is the immediate resource after the PUCCH resource for the first AP, i.e. the resource for the second AP has a fixed offset relative to the resource for the first AP. Therefore, Option 2 is preferable for PUCCH format 3 resource allocation with TxD, to be consistent with the PUCCH format 1/1a/1b resource allocation with TxD.
4. Conclusions

In this contribution, we discuss resource allocation for PUCCH format 3 without and with TxD. We currently have the following proposals:
Proposal 1: For ARI design:

· Explicit indication to use the implicit Rel-8 PUCCH format 1a/1b resource on PCC is supported by ARI.

· TPC  in DL grant corresponding to SCell is used as ARI for FDD.

· DAI in DL grant is used as ARI for TDD.

Proposal 2: For PUCCH format 3 without TxD, multiple PUCCH format 3 resources are configured by RRC, and ARI indicates one of them or the implicit Rel-8 PUCCH format 1a/1b resource in each ULsub frame.

Proposal 3: For PUCCH format 3 with SORTD, multiple PUCCH format 3 resources are configured by RRC. ARI in DL grant indicates one of the configured PUCCH format 3 resources or the implicit Rel-8 PUCCH format 1a/1b resource for the first antenna port. The resource for the second antenna port has a fixed offset relative to the resource for the first antenna port.
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