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1. Introduction

At the RAN1#62 meeting, the following agreement was reached regarding the ACK/NACK (A/N) multiplexing scheme on the PUCCH for carrier aggregation (CA).

· For Rel-10 UEs that support up to 4 A/N bits: PUCCH Format 1b with channel selection

· For Rel-10 UEs that support more than 4 A/N bits: 

· Both PUCCH format 1b with channel selection and DFT-S-OFDM are supported

· PUCCH format 1b with channel selection up to 4 A/N bits
· DFT-S-OFDM for the full range of A/N bits
· UE is configured by higher layers between DFT-S-OFDM and PUCCH format 1b with channel selection
For both PUCCH formats, resource allocation for A/N multiplexing was discussed at the meeting [1]-[6], and most of the issues were agreed upon at the RAN1#62 meeting [7]. Therefore, based on [7], this contribution presents the remaining issue regarding the resource allocation scheme for two A/N multiplexing schemes.
2. Resource Allocation for Channel Selection
According to the agreement at the RAN1#61bis meeting, the channel selection for more than 2 DL cells, i.e., more than 4 A/N bits, would not be specified. Hence, the Rel-10 channel selection for CA can be optimized for up to 2 DL cells, which consist of the primary cell (PCell) and secondary cell (SCell). According to the agreed working assumption at the RAN1#62 meeting, our views on resource allocation for channel selection are presented below.
· PDSCH on PCell
It is generally preferred to reuse Rel-8/9 PUCCH format 1a/1b when only the DL PCell is assigned. Therefore, for reception of the DL assignment on only the DL PCell, implicit resource allocation as used in Rel-8/9 LTE should be reused. This is also helpful to avoid the problem with handling ambiguity during the RRC reconfiguration period between CA and non-CA.
· PDSCH on SCell
Figure 1 shows the PUCCH resource allocation scheme for channel selection for CA of up to 2 DL cells. Regarding additional resources for CA, the allocation scheme would be dependent on whether or not the carrier indicator field (CIF) is configured. As shown in Fig. 1(a), implicit resource allocation of Rel-8/9 LTE can be reused when the CIF is configured. This is one of the benefits of employing channel selection from the viewpoint of overhead reduction. On the other hand, explicit resource allocation may be applied when the CIF is not configured as shown in Fig. 1(b). In this case, as indicated in [8], the TPC command field in the DL SCell assignment can be reused as an A/N resource indicator (ARI) for additional resource indication signaling as used in Rel-8/9 semi-persistent scheduling (SPS) since it was also agreed that ARI does not increase the DCI size. 
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Figure 1 – Example of PUCCH resource allocation for channel selection 
Proposal 1: Resource allocation for channel selection is as follows
· When only the DL assignment on the PCell is received, PUCCH format 1a/1b is reused with implicit resource allocation as in Rel-8/9 LTE.

· Additional resources associated with DL SCell assignment:
· When CIF is configured, implicit allocation as in Rel-8/9 LTE is applied.
· When CIF is not configured, resource allocation associated with ARI reusing the TPC command field in the DL SCell assignment.
3. Resource Allocation Scheme for DFT-S-OFDM Format

Figure 2 shows the PUCCH resource allocation scheme for the DFT-S-OFDM format for the UEs supporting more than 4 A/N bits. Regarding the resource allocation for DFT-S-OFDM format, the following point is left as the remaining issue.

· 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)
Additionally, it was agreed that ARI does not increase the DCI size. Hence, as in the case of channel selection, Rel.-8/9 PUCCH format 1a/1b should be employed when the DL assignment is received on only the Pcell. The use of Rel-8/9 PUCCH format 1a/1b is beneficial in reducing the overhead of resources when only the DL assignment on PCell is received. 
Meanwhile, the DFT-S-OFDM format is used as shown in Fig. 2 when resource assignments include at least one DL SCell [9]. The PUCCH resources for the DFT-S-OFDM format can be explicitly allocated by RRC signaling and semi-statically reserved for each UE. In this case, as indicated in [8], the TPC command field in the DL SCell assignments can be reused as ARI for additional resource indication signaling as used in Rel-8/9 SPS.
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Figure 2 – PUCCH resource allocation for DFT-S-OFDM format

Proposal 2: Resource allocation for the DFT-S-OFDM format is as follows
· If no PDCCH corresponding to the PDSCH on the SCells is received, and the PDSCH is received on the PCell, Rel-8/9 PUCCH resource allocation should be used.
· When resource assignments include at least one DL SCell, the DFT-S-OFDM format is used with explicit resource allocation (ARI in DL SCell assignment).
4. Conclusion

This contribution presented our views on the resource allocation scheme for two A/N multiplexing schemes based on the agreement at the RAN1#62 meeting. Our proposals are as follows.
Proposal 1: Resource allocation for channel selection is as follows
· When only the DL assignment on the PCell is received, PUCCH format 1a/1b is reused with implicit resource allocation as in Rel-8/9 LTE.

· Additional resource associated with DL SCell assignment:
· When CIF is configured, implicit allocation as in Rel-8/9 LTE is applied.
· When CIF is not configured, resource allocation associated with ARI reusing the TPC command field in the DL SCell assignment.
Proposal 2: Resource allocation for the DFT-S-OFDM format is as follows
· If no PDCCH corresponding to the PDSCH on the SCells is received, and the PDSCH is received on the PCell, Rel-8/9 PUCCH resource allocation should be used.
· When resource assignments include at least one DL SCell, the DFT-S-OFDM format is used with explicit resource allocation (ARI in DL SCell assignments).
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