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1. Introduction

At the RAN1#63 meeting, the mapping table for channel selection was discussed, and the table of [1] was agreed upon for Frequency Division Duplex (FDD). However, in the case that a single codeword (CW) transmission occurs due to dynamic rank adaptation when the mapping table for a two CW transmission mode (TM) is being configured, it remains unclear which ACK/NACK (A/N) states are to be used. Furthermore, the resource allocation scheme and simultaneous transmission scheme for A/N and the scheduling request (SR) for channel selection still remain as issues. In this contribution, we describe our views on the mapping table for channel selection in conjunction with these remaining issues.
2. Dynamic Rank Adaptation Using Configured Mapping Table
Regarding the mapping table for channel selection, it was also agreed that the mapping table would be dependent on the number of configured Cells and TMs. Assuming that two DL Cells and the TMs of two CWs on both of the DL Cells are configured without spatial bundling, a 4-bit A/N mapping table is used. However, when a single CW transmission occurs in a Cell or both Cells due to dynamic rank adaptation, only two or three A/N bits are required to be sent. In this case, it is not clear which A/N states of the 4-bit A/N mapping table should be used to feedback 2 or 3 A/N bits. In this contribution, we consider the following two alternatives in the case that a single CW transmission occurs when the mapping table for a two CW TM is being configured. 
· Alt. 1: Replace ‘ACK/NACK’ and ‘NACK/NACK’ with ‘ACK’ and ‘NACK’, respectively
· Alt. 2: Replace ‘ACK/ACK’ and ‘NACK/NACK’ with ‘ACK’ and ‘NACK’, respectively
Figure 1 shows the A/N table for Alt. 1 where the A/N states including ‘NACK’ for the second CW are used for A/N transmissions. The colored A/N states are valid for A/N transmission. As shown in Fig. 1(a), in the case of 1 CW on the primary cell (PCell) using the 4-bit mapping table, the second resource is not used and hence there is potential to reduce the overhead. However, the resulting A/N states for the 1 CW on the PCell are not the same as those for format 1a. Figure 2 shows the A/N table for Alt. 2. In Alt. 2, the A/N states for the 1 CW on the PCell with ‘NACK/DTX’ on the secondary cell (SCell) are the same as those for format 1a. Therefore, Alt. 2 is preferred because the fallback property to Rel-8/9 PUCCH format 1a/1b should be given higher priority.
Proposal 1: In the case that a single CW transmission occurs when the mapping table for a two CW TM is being configured, ‘ACK/ACK’ and ‘NACK/NACK’ should be replaced with ‘ACK’ and ‘NACK’, respectively.
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(a) Alt. 1 using 4-bit mapping table
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(b) Alt. 1 using 3-bit mapping table

Figure 1 – Mapping table for Alt. 1
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(a) Alt. 2 using 4-bit mapping table
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(b) Alt. 2 using 3-bit mapping table

Figure 2 – Mapping table for Alt. 2

3. 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 since PUCCH format 3 is specified to support more than 4 A/N bits. Hence, the Rel-10 channel selection for carrier aggregation (CA) can be optimized for up to 2 DL cells, which consist of a PCell and 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 in avoiding the problem regarding handling ambiguity during the RRC reconfiguration period between CA and non-CA. When the TM of two CWs is configured on the PCell, two resources are implicitly derived from the PDCCH [2].
· PDSCH on SCell

Figure 3 shows the PUCCH resource allocation scheme for channel selection for CA of up to 2 DL cells. Regarding additional resources for CA, this allocation scheme is dependent on whether or not the carrier indicator field (CIF) is configured. As shown in Fig. 3(a), implicit resource allocation of Rel-8/9 LTE can be reused when the CIF is configured. When the TM of two CWs is configured in each Cell, two resources per Cell are implicitly derived from the PDCCH [2]. On the other hand, explicit resource allocation is applied when the CIF is not configured as shown in Fig. 3(b). In this case, as indicated in [3], 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 the ARI does not increase the DCI size. 
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Figure 3 – Example of PUCCH resource allocation for channel selection 

Proposal 2: 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 the CIF is configured, implicit allocation as in Rel-8/9 LTE is applied.

· When the CIF is not configured, explicit resource allocation associated with the ARI reusing the TPC command field in the DL SCell assignment is applied.

4. Simultaneous Transmission of A/N and SR

Simultaneous transmission of A/N and a SR for channel selection has not yet been decided. In Rel-8/9, A/N is transmitted using the usual A/N resource for a negative SR transmission while it is sent using a reserved SR resource for a positive SR. For PUCCH format 3, it was agreed that one bit for SR indication is jointly coded with multiple A/N bits. Regarding the channel selection, there are still several options [5] – [9]. However, it seems preferable to utilize the Rel-8/9 A/N and SR transmission mechanism and to use one Rel-8/9 SR resource since the agreed A/N mapping table for FDD supports the fallback to Rel-8/9 format 1a/1b for the reception of DL assignment only in the PCell. When we consider reusing the Rel-8/9 SR resource, there are three options as presented below. Here we note that, for all the options, A/N bits are transmitted using format 1b with channel selection on the usual A/N resource when a negative SR transmission occurs. Hence, the case for A/N bits with a positive SR transmission is discussed below.
Opt.1: One SR resource and multiple PUCCH transmissions

In this option, one SR is reserved by higher layer signalling as in Rel-8/9. For a positive SR transmission, A/N bits are transmitted in the same way as the case for a negative SR while the SR is simultaneously transmitted using format 1 with the SR resource. In this option, no A/N information is dropped and the PUCCH overhead for the SR is kept the same as that in Rel-8/9. However, simultaneous PUCCH transmissions of A/N and the SR occur for a positive SR, which is not preferable from the viewpoint of corruption of the single carrier property.
Opt. 2: Multiple SR resources and one PUCCH transmission
In this option, the same number of SR resources as that for A/N resources for channel selection are reserved by higher layer signaling. For a positive SR transmission, A/N bits are transmitted using format 1b with channel selection on the reserved SR resources replacing the PUCCH resources. In this option, although A/N bits can be transmitted without dropping any information, the overhead becomes large compared to the other options. Taking into account the fact that the 4-bit mapping table requires 4 resources, it is desirable to avoid an increase in the amount of reserved SR resources. We note that SR resources may be frequently configured in the time domain to reduce the uplink transmission latency. Furthermore, we note that the detection probabilities of A/N and the SR are degraded due to an increase in the number of reserved PUCCH resources.
Opt. 3: One SR resource and one PUCCH transmission

In this option, one SR resource is reserved by higher layer signaling as in Rel-8/9. Two A/N bits, i.e., one A/N bit per Cell, are transmitted using format 1b on the SR resource. When the TM of two CWs is configured, spatial A/N bundling is applied to each Cell. This option keeps the resource overhead the same as that in Rel-8/9. However, the downlink throughput may be deteriorated due to the spatial A/N bundling. We note that the degradation is limited to only the case when a positive SR is transmitted. In this case, in order to maintain the A/N performance irrespective of the presence of the SR, different power settings may be necessary for negative and positive SR transmissions.

Based on the discussion above, we give higher priority to the single carrier property as well as the resource overhead, and hence our preference is Opt. 3.
Propose 3: For simultaneous transmission of A/N and the SR, one SR resource is used as in Rel-8/9. For a positive SR transmission, 

· Two A/N bits, i.e., one A/N bit per Cell, are transmitted using format 1b with the SR resource. 

· When the TM of two CWs is configured, spatial A/N bundling is applied to each Cell.
· Different power settings may be necessary for negative and positive SR transmissions.

5. Conclusion

This contribution presented our views on the remaining issues regarding format 1b with channel selection. The proposals in this contribution are given below.

Proposal 1: In the case that a single CW transmission occurs when the mapping table for two CW TM is being configured, ‘ACK/ACK’ and ‘NACK/NACK’ should be replaced with ‘ACK’ and ‘NACK’, respectively. 
Proposal 2: 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 the CIF is configured, implicit allocation as in Rel-8/9 LTE is applied.

· When the CIF is not configured, explicit resource allocation associated with the ARI reusing the TPC command field in the DL SCell assignment is applied.

Propose 3: For simultaneous transmission of A/N and the SR, one SR resource is used as in Rel-8/9. For a positive SR transmission, 

· Two A/N bits, i.e., one A/N bit per Cell, are transmitted using format 1b with the SR resource. 

· When the TM of two CWs is configured, spatial A/N bundling is applied to each Cell.
· Different power settings may be necessary for negative and positive SR transmissions.
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