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1. Introduction

At the RAN1#61bis 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: DFT-S-OFDM 

Regarding the agreement, this contribution focuses on PUCCH format 1b with channel selection [1] and discusses its mapping tables. Note that the issues regarding resource assignments are discussed in our contribution related to a separate agenda item [2].

2. Design Criteria for Channel Selection Mapping Table 
(1) Optimization for CA of up to 2 DL component carriers (CCs)
In the Rel. 10 channel selection, the mapping table of A/N bits should be optimized for CA of up to 2 DL CCs that consist of the primary CC (PCC) and secondary CC (SCC). We note that, according to the agreement at the RAN1#61bis meeting, the channel selection for more than 2 DL CCs, i.e., more than 4 A/N bits, does not need to be specified.
Proposal 1: The mapping table for Rel. 10 channel selection for CA is designed to be optimized for CA of up to 2 DL CCs that consist of the PCC and SCC.
(2) Commonality to Rel. 8/9 format 1a/1b (fallback to non-CA)

Regarding the A/N transmission schemes for CA, it is generally preferred to reuse the Rel. 8/9 PUCCH format 1a/1b when only a DL PCC is assigned [3]-[5]. By doing this, continuous DL transmissions using a DL PCC is possible without interruption during the RRC reconfiguration period between the CA and non-CA [6]. Therefore, it is desirable that the mapping table for Rel. 10 channel selection for CA is equivalent to the mapping table for Rel. 8/9 PUCCH format 1a/1b when a UE receives only a DL assignment for the DL PCC. As a reference, the mapping table for Rel. 8/9 PUCCH format 1a/1b is given in Table 1 [1].
Proposal 2: The mapping table for Rel. 10 channel selection for CA is designed to be equivalent to the mapping table for Rel. 8/9 PUCCH format 1a/1b when a UE receives only a DL assignment for the DL PCC.
Table 1 – Mapping table for Rel. 8/9 PUCCH format 1a/1b
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According to the proposal, it is clear that the mapping table specified for Rel. 8/9 TDD is not suitable. For instance, Fig. 1 shows a mapping table for CA of up to 2 DL CCs by reusing the method for Rel. 8/9 TDD. We can see that when a UE receives only a DL assignment for the DL PCC, i.e., DTX on DL SCC, the mapping table is different from that for PUCCH format 1a/1b.
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Figure 1 – Mapping table reusing method for Rel. 8/9 TDD
3. Proposed Mapping Table for Rel. 10 Channel Selection
Figures 2(a) and 2(b) show the candidate mapping tables for CA of up to 2 DL CCs when the number of PUCCH resources is limited to 2. Option 1 shown in Fig. 2(a) is the proposal in [4],[6]. In this method, the mapping table is equivalent to that for PUCCH format 1a when a UE receives only a DL assignment for the DL PCC , i.e., DTX on DL SCC, with a single codeword (CW). However, when the DL assignment for the DL PCC has double CWs, the mapping table is different from that for PUCCH format 1b since spatial bundling is always applied as in Rel. 8/9 TDD. Therefore, we propose Option 2, which is modified from Option 1 to achieve the perfect commonality to Rel. 8/9 PUCCH format 1a/1b as shown in Fig. 2(b). In Option 2, the mapping table for PUCCH format 1a/1b is fully reused for both the single CW and double CW cases when only the DL PCC is assigned. It is worthwhile noting that Option 2 also supports explicit DTX feedback for the DL PCC assignment.
Proposal 3: Support of Option 2 (based on Proposals 1 and 2) for the mapping table in Rel. 10 channel selection for CA
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(a) Option 1
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(b) Option 2 (differences from Option 1 are highlighted in red)
Figure 2 – Candidate mapping tables for CA of up to 2 DL CCs

4. Conclusion

This contribution presented the remaining issue regarding the details of channel selection focusing on the exact mapping table. Our proposals were derived as follows. 
Proposal 1: The mapping table for Rel. 10 channel selection for CA is designed to be optimized for CA of up to 2 DL CCs that consist of the PCC and SCC.
Proposal 2: The mapping table for Rel. 10 channel selection for CA is designed to be equivalent to the mapping table for Rel. 8/9 PUCCH format 1a/1b when a UE receives only a DL assignment for the DL PCC.
Proposal 3: Support of Option 2 (based on Proposals 1 and 2) for the mapping table in Rel. 10 channel selection for CA (simpler version is given in Table 2 below)
Table 2 – Proposed A/N mapping table for Rel. 10 channel selection for CA (Option 2)
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