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1. Introduction

At the RAN1#60 meeting, it was agreed that a single UE-specific UL component carrier (CC) would be configured semi-statically to carry the PUCCH ACK/NACK (A/N), scheduling request (SR), and periodic channel state information (CSI) from a UE. Furthermore, according to the agreements at the RAN1#58bis meeting, the following two A/N transmission schemes should be supported in Rel. 10.
· Full A/N transmission: One A/N for each DL CC transport block should be supported.
· Limited A/N transmission: Limited A/N transmission for the DL CC transport blocks should be supported for power limitation.

In order to support full A/N transmission, a PUCCH structure that can convey at least 10 bits is required. This was confirmed at the previous RAN1#60bis meeting. Based on the agreements, this contribution discusses the A/N transmission schemes for the “Full” and “Limited” A/N transmissions that are to be supported in Rel. 10.
2. Full A/N Transmission Scheme

In order to support full A/N transmission, a PUCCH structure that can support the payload size of at least 10 bits is required. This was confirmed at the previous RAN1#60bis meeting. The one remaining issue regarding the maximum payload size is the need for explicit DTX signaling. The benefit of explicit DTX signaling is basically to achieve accurate redundancy version (RV) control for the DL retransmissions when misdetection of the PDCCH for the DL assignments occurs. However, 1-2 additional bits are required in the PUCCH payload according to the number of DL CCs [1]. Therefore, as discussed during the previous RAN1 meeting, more careful study may be needed on this issue considering both the DL and UL performance. Currently, we are investigating the following possibilities.

· Alt. 1: Support explicit DTX signaling (max. 12 bits [1])
· Alt. 2: Support explicit DTX signaling only for the DL CC with one codeword (CW) transmission (max. 10 bits)
· Alt. 3: No explicit DTX signaling (max. 10 bits)
In Alt. 2, three statuses for one CW (DTX, NACK, and ACK) and four statuses for two CWs (NACK/NACK, ACK/NACK, NACK/ACK, and ACK/ACK) are switched while retaining the same number of bits. Among the alternatives, we prefer Alt. 1 if the maximum of 12 bits is allowed. Otherwise, Alt. 2 has a slightly higher preference.

To support the payload size of the maximum 10 (or 12) bits efficiently, the transmission scheme based on the joint coding of multiple A/N bits is preferred as many companies suggested [2]. Whether PUCCH format 2 is reused or a new format such as multi-sequence modulation [3] and block-spreading based format [4],[5] is introduced is FFS.

Proposal 1: Support the PUCCH format for full A/N transmission based on joint coding. Consider explicit DTX signaling at least for the single CW case.

3. Limited A/N Transmission Scheme

The requirement for limited A/N transmission is to achieve better UL coverage to support DL carrier aggregation in macrocellular environments. In this sense, the channel selection reusing PUCCH format 1b, which is designed to achieve a wide coverage area in Rel. 8 TDD, can be the baseline for the limited A/N transmission scheme although some modifications may be required, e.g., to avoid the problem of a misalignment period [6]. The channel selection can efficiently support DL carrier aggregation up to three CCs without any CC bundling [6]. Although it requires spatial bundling, achieving UL coverage that is competitive with that for Rel. 8 UEs is more important in the existing macrocellular deployments. Furthermore, by reusing PUCCH format 1b, the channel selection has a flexible multiplexing capability considering the existing Rel. 8 PUCCH resources such as dynamic/semi-persistent A/N and SR. Therefore, we propose to support limited A/N transmission based on the channel selection in addition to the joint coding based scheme, which can support a larger payload size.

Proposal 2: Support limited A/N transmission based on channel selection. Its main target is macrocell deployment with 2-3 DL CCs in FDD.
4. Conclusion

This contribution discussed the uplink A/N transmission schemes to support full and limited A/N transmissions for DL carrier aggregation. Our proposals are as follows.

Proposal 1: Support the PUCCH format for full A/N transmission based on joint coding. Consider explicit DTX signaling at least for the single CW case.

Proposal 2: Support limited A/N transmission based on channel selection. Its main target is macrocell deployment with 2-3 DL CCs in FDD.
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