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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]-[16]. In RAN1#60 meeting, the followings are agreed as way forwards for the UL ACK/NACK design. 
	· Simultaneous A/N on PUCCH transmission from 1 UE on multiple UL CCs is not supported 

· A single UE-specific UL CC is configured semi-statically for carrying PUCCH A/N 

· Note that this agreement is unrelated to which DL CCs may carry PDCCH for a UE. 

· Method for assigning PUCCH resource(s) for a UE on the above single UL carrier in case of carrier aggregation

· Implicit / Explicit / Hybrid: FFS

Note that for a CA-capable UE that is configured for single UL/DL carrier-pair operation, single-antenna PUCCH resource assignment shall be done as per Rel-8.


In this paper, we suggest the general approaches for the UL ACK/NACK PUCCH resource allocation and the UL ACK/NACK PUCCH design especially considering FDD mode.

2. Explicit or implicit ACK/NACK resource allocation
In designing uplink ACK/NACK transmission scheme, it is the basic decision point whether the ACK/NACK PUCCH allocation should be explicit or implicit. Here, we assume the definition of ‘explicit’ and ‘implicit’ as follows.

· Explicit allocation: ACK/NACK resource for each UE is assigned by a semi-static manner.

· Implicit allocation: ACK/NACK resource for a UE is decided based on PDCCH(s) scheduling PDSCH in each subframe dynamically.  

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 ACK/NACK feedback for multiple DL CCs should be also designed not to restrict the LTE-A network deployment scenarios. Therefore, we suggest supporting both explicit and implicit ACK/NACK PUCCH allocation. That is, explicit ACK/NACK resource allocation is mainly useful when a small number of UEs are using multiple DL CCs while implicit ACK/NACK resource allocation is mainly useful when there are many UEs using multiple DL CCs. Explicit or implicit ACK/NACK resource allocation can be UE-specifically configured.
Suggestion 1: For the UE operating with multiple CCs, support both explicit ACK/NACK resource allocation and implicit ACK/NACK resource allocation, where explicit or implicit allocation can be UE-specifically configured. 

3. Method of ACK/NACK multiplexing

There are several candidates under discussion for the ACK/NACK multiplexing scheme. We consider 5 ACK/NACK resource allocation schemes here, that is, MSM, PUCCH with reduced SF2, PUCCH format 2 (and the extension), DFT based new format, and resource selection.
3.1. ACK/NACK multiplexing scheme for explicit resource allocation 

In case of explicit ACK/NACK resource allocation, it is straight forward the UE multiplexing capacity (including coexistence with Rel-8/9 UE’s PUCCH resources) and the performance should be a direct criterion in choosing the ACK/NACK multiplexing scheme. Our views on the ACK/NACK multiplexing scheme candidates are as follows.

· MSM with PUCCH format 1a/1b
· It seems that at most two PUCCH resources to support up to 4 bit information in a same PRB are allowable for MSM to keep a low CM value and due to the OOB issue. The MSM with two PUCCH resources can be directly applicable for two DL CCs (or PDCCHs). MSM with PUCCH format 1a/1b may not support large ACK/NACK payload sizes more than 4 bits with carrier aggregation.  

· Sufficient coding gain is not achievable.
· PUCCH with reduced SF=2

· PUCCH with SF=2 only cannot support large ACK/NACK payload sizes.

· Sufficient coding gain is not achievable.
· PUCCH with reduced SF=2 cannot coexist with shortened PUCCH formats in a same PRB.
· The same resource allocation rule as Rel-8 may not be applicable. 
· PUCCH format 2 (and the extension)

· PUCCH format 2 requires possibly a smallest specification change since existing format is reused
· It can coexist with existing PUCCH format 2 and PUCCH format 1/1a/1b by allocating different cyclic shifts in a same PRB for efficient resource utilization, as already defined in Rel-8.
· Larger payload size than Rel-8 PUCCH format 2 can be supported by extension (MSM, 8-PSK, resource selection, SORT, etc.)

· DFT based new format

· Larger payload size than Rel-8 PUCCH format 2 can be supported.
· It can coexist with existing PUCCH format 1/1a/1b by allocating different OCC in a same PRB for efficient resource utilization in case that the number of RS is 3.
· The performance is not guaranteed in case that information bit size is less than 6 bits with Rel-8 TBCC [17].

· FDM can be introduced in order to increase the UE multiplexing capability.

· Resource selection

· With the resource selection scheme, supportable ACK/NACK payload size may be limited unless further modification to the Rel-8 TDD resource allocation method is introduced.

· In case of explicit resource allocation, M ACK/NACK PUCCH resources should be always dedicated to each UE, where M is the number of aggregated (or activated) DL CCs to the UE.

It seems that PUCCH format 2 and DFT based approach among above candidates can support large payload size up to 12bits as a single solution. Based on the further analysis on the performance and the multiplexing capacity of PUCCH format 2 (and the extension) and DFT based approach in another paper [17], we suggest DFT based approach as the ACK/NACK multiplexing scheme for large payload size.
Suggestion 2: DFT based new PUCCH format is suggested as the ACK/NACK multiplexing scheme in case of the explicit resource allocation. The performance should be guaranteed in case that information bit size is less than 6 bits
3.2. ACK/NACK multiplexing scheme for implicit resource allocation 

In case of implicit ACK/NACK resource allocation, all the ACK/NACK multiplexing scheme candidates discussed in the section 3.1 above can be considered (resource selection, MSM, PUCCH format 2, DFT based PUCCH, etc). The performance and the multiplexing capacity should be also a basic criterion in choosing the exact scheme. 
We compared the performances and the multiplexing capacities between the resource selection scheme with PUCCH format 1a/1b not considering specific codebook and using other PUCCH formats (PUCCH format 1b and PUCCH format 2) according to the required number of ACK/NACK bits in another paper [18] according to the fixed number of transmitted bits containing ACK/NACK information (rather than the number of required ACK/NACK states). In the observation of the comparison results in [18], performance dominance between resource selection scheme and other PUCCH formats varies depending on the number of ACK/NACK bits. Therefore, further investigation with exact codebook and the feasible scenarios may be necessary for final conclusion. It could be also considered to limit the PUCCH resources for the resource selection in a same PRB since the detection performance of the resource selection can be improved when the resource candidates experience a same channel condition. In addition, the complexity and the efficiency of dynamic ACK/NACK resource sharing could be different depending on the exact design of the implicit resource allocation for each ACK/NACK multiplexing scheme, that is, fully PDCCH CCE based allocation, partially PDCCH CCE based allocation, etc. Since the efficient ACK/NACK resource sharing between UEs in dynamic scheduling is another important criterion in choosing the ACK/NACK multiplexing scheme for implicit resource allocation, we think further discussion is necessary in choosing the ACK/NACK multiplexing scheme for the implicit resource allocation.
3.3. Fallback to Rel-8 PUCCH format 1a/1b

When the UE configured (or activated) on multiple downlink carriers is scheduled by a single PDCCH in a subframe, it’s too wasteful in the transmit energy aspect transmitting the single bit ACK/NACK via PUCCH format supporting multiple ACK/NACK bits. Therefore, we suggest transmitting ACK/NACK bits via Rel-8 PUCCH format 1a/1b following Rel-8 ACK/NACK transmission rule (that is, using the Rel-8 ACK/NACK PUCCH resource linked to the scheduling PDCCH) when the UE is scheduled by a single PDCCH. 

Suggestion 3: An UE transmits ACK/NACK bits via Rel-8 PUCCH format 1a/1b following Rel-8 ACK/NACK transmission rule (that is, using the Rel-8 ACK/NACK PUCCH resource linked to the scheduling PDCCH) when the UE is scheduled by a single PDCCH.

3.4. ACK/NACK bundling 

Since the radio conditions of downlink and uplink can be different, multiple downlink carrier aggregation for the UEs with an unfavourable uplink radio condition should be supported. Even though the fading environments of the multiple downlink carriers can be uncorrelated, multiple PDSCHs scheduled to a single UE in a subframe can be correlated in the sense that they are selected based on the channel condition. Therefore, we think ACK/NACK bundling (logical AND operation of multiple ACK/NACK bits) across the downlink carriers should be supported for the UEs with an unfavourable uplink radio condition.

Suggestion 4: Uplink ACK/NACK bundling across the downlink carriers should be supported.
4. Summary
In this paper, 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: For the UE operating with multiple CCs, support both explicit ACK/NACK resource allocation and implicit ACK/NACK resource allocation, where explicit or implicit allocation can be UE-specifically configured. 

Suggestion 2: DFT based new PUCCH format is suggested as the ACK/NACK multiplexing scheme in case of the explicit resource allocation. The performance should be guaranteed in case that information bit size is less than 6 bits.
Suggestion 3: An UE transmits ACK/NACK bits via Rel-8 PUCCH format 1a/1b following Rel-8 ACK/NACK transmission rule (that is, using the Rel-8 ACK/NACK PUCCH resource linked to the scheduling PDCCH) when the UE is scheduled by a single PDCCH.

Suggestion 4: Uplink ACK/NACK bundling across the downlink carriers should be supported.
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