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1. Introduction

In LTE-Advanced (LTE-A) system, it should be decided how to realize UL ACK/NACK transmission corresponding to the PDSCH transmission over multiple DL component carriers (CC). There have been many proposals and discussions on UL ACK/NACK transmission in LTE-A [1]-[10]. In RAN1#58bis meeting, the followings are agreed as way forwards for the UL ACK/NACK design. In this paper, we suggest the general approaches for the UL ACK/NACK PUCCH design especially considering FDD mode.
· All A/N for a UE can be transmitted on PUCCH in absence of PUSCH transmission

· Support mapping onto one UE specific UL CC

· One A/N for each DL CC transport block should be supported

· Limited A/N transmission for the DL CC transport blocks should be supported for power limitation

· Support for simultaneous A/N transmission on multiple UL CC is FFS

· One A/N for each DL CC transport block should be supported

· Limited A/N transmission for the DL CC transport blocks should be supported for power limitation

· Exact method for A/N resource allocation is FFS

· Do not optimize the A/N feedback for multiple DL CC assuming large number of UEs being simultaneously scheduled on multiple DL CC 
· Consider performance and power control issues (CM, BER...) 

Clarifications:

· A/N mapping onto one UL CC: semi-static and dynamic mapping are not excluded.

· Multiple PUCCH on an UL CC is not excluded.

2. ACK/NACK PUCCH design
· UE-specific or dynamic ACK/NACK PUCCH allocation
In designing uplink ACK/NACK transmission scheme, it is a basic decision point whether the ACK/NACK PUCCH allocation should be UE-specific (semi-static) or dynamic. Even though current agreement is not to optimize the A/N feedback for multiple DL CCs assuming that only small number of UEs will be simultaneously scheduled on multiple DL CCs, we think the A/N feedback for multiple DL CCs should also be designed not to restrict the LTE-A network deployment scenarios. Therefore, we suggest supporting both UE-specific and dynamic ACK/NACK PUCCH allocation. That is, UE-specific ACK/NACK PUCCH allocation is mainly useful when only a small number of UEs are using multiple DL CCs while dynamic ACK/NACK PUCCH allocation is mainly useful when there are many UEs using multiple DL CCs. UE-specific or dynamic ACK/NACK PUCCH allocation may be UE-specifically configured by RRC signalling.
It should also be noted that Rel-8 dynamic ACK/NACK PUCCH allocation should be used for the LTE-A UEs which are not assigned multiple DL CCs. This means Rel-8 type dynamic ACK/NACK PUCCH resources will be reserved in the UL CCs linked to the DL CCs for UL ACK/NACK transmission.

Suggestion 1: Support both UE-specific ACK/NACK PUCCH allocation and dynamic ACK/NACK PUCCH allocation for the UEs assigned multiple DL CCs. 

Suggestion 2: Rel-8 type dynamic ACK/NACK PUCCH allocation is used when a LTE-A UE is configured by only a single DL CC. 

· UE-specific ACK/NACK PUCCH allocation/transmission
In the UE-specific ACK/NACK PUCCH allocation, a UE assigned multiple DL CCs is assigned ACK/NACK PUCCH resource(s) semi-statically by RRC signalling. For the UE-specific ACK/NACK PUCCH allocation, multiple PUCCH transmission or PUCCH resource selection reusing PUCCH format 1 structure, reusing PUCCH format 2 structure, or modification of them may be considered [11]. In any cases, it is natural that a UE is assigned the ACK/NACK PUCCH resource(s) in a specific UL CC semi-statically in case of the UE-specific ACK/NACK PUCCH allocation.

Suggestion 3: In case of the UE-specific ACK/NACK PUCCH allocation, a UE assigned multiple DL CCs is assigned ACK/NACK PUCCH resource(s) in a specific UL CC semi-statically by RRC signalling.
· Dynamic ACK/NACK PUCCH allocation/transmission
In the dynamic ACK/NACK PUCCH allocation, a UE assigned multiple DL CCs selects PUCCH resource(s) for ACK/NACK transmission based on the PDCCH which has scheduled the corresponding PDSCH by a predefined rule. For the dynamic ACK/NACK PUCCH allocation, multiple PUCCH transmission or PUCCH resource selection reusing PUCCH format 1 structure, reusing PUCCH format 2 structure, or modification of them may be considered [11].
According to the agreement in RAN1#58bis, in case of the dynamic ACK/NACK PUCCH allocation, it is still open whether a UE transmits ACK/NACK in semi-statically assigned UL CC or in any one of the assigned UL CCs. To speed up the LTE-A ACK/NACK design, it would be good to conclude on this open point.

Suggestion 4: It should be decided, in case of dynamic ACK/NACK PUCCH allocation, whether a UE transmits ACK/NACK in semi-statically assigned UL CC or in any one of the assigned UL CCs

In case of the dynamic ACK/NACK PUCCH allocation, a single UL CC should be able to support ACK/NACK transmission for the PDCCH/PDSCH transmission in the multiple DL CCs at least to support the DL heavy aggregation case. Therefore, we suggest the following as well.
Suggestion 5: At least to support a DL heavy aggregation, a single UL CC should be able to support ACK/NACK transmission for the PDCCH/PDSCH transmission in the multiple DL CCs.
· ACK/NACK bundling
In addition to or as an extension of ACK/NACK transmission schemes, ACK/NACK bundling should be supported to ensure e.g. a power limited UE’s cell coverage. Bundled ACK/NACK transmission can be supported in either UE-specific, dynamic ACK/NACK PUCCH allocation mode, or supported in both modes.
Suggestion 6: In addition to or as an extension of ACK/NACK transmission schemes, ACK/NACK bundling should be supported

3. Summary
In this paper, general approaches for UL ACK/NACK transmission over PUCCH are discussed especially for FDD mode. We summarize the suggestions from this paper as follows.
Suggestion 1: Support both UE-specific ACK/NACK PUCCH allocation and dynamic ACK/NACK PUCCH allocation for the UEs assigned multiple DL CCs. 

Suggestion 2: Rel-8 type dynamic ACK/NACK PUCCH allocation is used when a LTE-A UE is configured by only a single DL CC. 

Suggestion 3: In case of the UE-specific ACK/NACK PUCCH allocation, a UE assigned multiple DL CCs is assigned ACK/NACK PUCCH resource(s) in a specific UL CC semi-statically by RRC signalling.
Suggestion 4: It should be discussed and decided, in case of dynamic ACK/NACK PUCCH allocation, whether a UE transmits ACK/NACK in semi-statically assigned UL CC or in any one of the assigned UL CCs.
Suggestion 5: At least to support a DL heavy aggregation, a single UL CC should be able to support ACK/NACK transmission for the PDCCH/PDSCH transmission in the multiple DL CCs.
Suggestion 6: In addition to or as an extension of ACK/NACK transmission schemes, ACK/NACK bundling should be supported
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