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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). 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.


There have been many proposals and discussions on UL ACK/NACK transmission in LTE-A [1]-[34]. In this paper, we suggest the general approaches in the aspect of the UL ACK/NACK PUCCH resource allocation. The discussion in this paper is independent from the actual ACK/NACK CA (Carrier Aggregation) PUCCH format for carrier aggregation and the CA PUCCH format for UL ACK/NACK transmission is dealt with in another paper [35].
2. Issues and suggestions
2.1. Explicit ACK/NACK resource allocation and ACK/NACK resource sharing
In designing uplink ACK/NACK transmission scheme, it is the basic decision point whether the ACK/NACK CA 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 some or all of the PDCCH(s) which schedules PDSCH in each subframe dynamically.  

Even though it would be good to maximize the reuse of the Rel-8 ACK/NACK PUCCH resources in the aspect of PUCCH resource utilization, it is hard to manage the ACK/NACK resource assignment for multiple aggregated DL carriers without limitation to the PDCCH/PDSCH scheduling. Since implementation of PDCCH/PDSCH scheduling is already complex much, we think further restriction to the PDCCH/PDSCH scheduling operation should be avoided as much as possible. Therefore, we suggest explicit UE-specific ACK/NACK resource allocation as the baseline to support the ACK/NACK transmission for multiple aggregated DL carriers. That is, ACK/NACK CA PUCCH resource(s) for ACK/NACK transmission for multiple aggregated DL carriers is (are) semi-statically assigned to each UE.
In case of explicit ACK/NACK PUCCH resource allocation, it may be beneficial to share a same PUCCH resource between multiple UEs to reduce the ACK/NACK CA PUCCH resource overhead. This could be done in a pure implicit way by the scheduler operation. That is, eNB may avoid scheduling PDSCHs in a same subframe to the multiple UEs which share a same ACK/NACK CA PUCCH resource so as to avoid collision of the ACK/NACK transmission between those UEs. Moreover, additional mechanisms could be considered to make the ACK/NACK CA PUCCH resource sharing more effective.
Suggestion 1: For the UE operating with multiple CCs, explicit ACK/NACK resource allocation should be the baseline. In addition, ACK/NACK resource sharing between multiple UEs should be considered. 

2.2. 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, using the explicit PUCCH resource in ACK/NACK transmission accompanies potential demerits as follows.

· The PDCCH format for multiple carrier ACK/NACK transmission may require unnecessarily larger transmit power than required by the PDCCH format for single carrier ACK/NACK transmission (the excessive transmit power may be diminished depending on the specific ACK/NACK transmission schemes [15]).

· The Rel-8 ACK/NACK PUCCH resource is wasted unnecessarily even though the single carrier ACK/NACK can be conveyed by the Rel-8 ACK/NACK PUCCH resource which already exists. Considering the ACK/NACK PUCCH resource sharing, it would be beneficial to reuse Rel-8 ACK/NACK PUCCH resource when possible so that the explicit ACK/NACK PUCCH resource could be used by other UEs.
· According to the RAN1 agreement, a Rel-10 UE should reuse Rel-8 ACK/NACK PUCCH resource when it is configured by the DL PCC (primary component carrier) only. When the eNB reconfigures the UE with DL PCC only, eNB may re-assign the explicit ACK/NACK PUCCH resource which has been occupied by the UE to another UE. In this case, those two UEs may transmit ACK/NACK via same explicit PUCCH resource during the carrier reconfiguration if there is a timing misalignment between the eNB and the UE.
To compensate for the potential demerits of the explicit ACK/NACK PUCCH allocation, 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. In more details, two options can be considered as the Rel-8 ACK/NACK fallback operation. For easier understanding, some examples of the operation of option 1 and option 2 are illustrated in figure 1.
Option 1) fallback to the Rel-8 ACK/NACK PUCCH resource when the UE detects only a self-scheduling PDCCH in the DL PCC
·  For this operation, eNB should blindly detect the actually used PUCCH between Rel-8 ACK/NACK PUCCH and LTE-A ACK/NACK PUCCH to handle the case that the UE has correctly detected the PDSCH scheduling only in the DL PCC and missed PDSCH scheduling in all the other DL CCs. 
Option 2) fallback to the Rel-8 ACK/NACK PUCCH resource when the UE detects only a single PDSCH grant in any DL CC in a subframe 
· For this operation, eNB should blindly detect the actually used PUCCH between Rel-8 ACK/NACK PUCCH and LTE-A ACK/NACK PUCCH. This blind detection effort at the eNB would increase compared with the option 1 since eNB should handle the case that the UE has correctly detected the PDSCH scheduling in ‘any single DL CC’ and missed PDSCH scheduling in all the other DL CCs. In addition, eNB should avoid scheduling PDCCHs linked to a same Rel-8 ACK/NACK PUCCH to different UEs to avoid Rel-8 ACK/NACK PUCCH resource collision.
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(a) Examples of option 1 operation
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 (b) Examples of option 2 operation

Figure 1. Examples of the operation of fallback option 1 and option 2

Among those two options, option 1 is preferable since option 2 accompanies scheduling restriction or additional signalling. Therefore, we suggest the operation of fallback to the Rel-8 ACK/NACK PUCCH resource when the UE is assigned single PDSCH-grant PDCCH only in the DL CC linked to the UL PCC

Suggestion 2: A 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 detects only a self-scheduling PDCCH in the DL PCC
2.3. 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, ACK/NACK probability for the multiple PDSCHs scheduled to a single UE in a subframe can be correlated in the sense that they are selected to satisfy a certain target PDSCH BLER. Therefore, we think ACK/NACK bundling (logical AND operation of multiple ACK/NACK bits) across the downlink carriers should be supported for the power limited UEs.

Suggestion 3: Uplink ACK/NACK bundling across the downlink carriers should be supported for the power limited UEs.

3. Summary
In this paper, approaches for UL ACK/NACK PUCCH resource allocation are discussed. We summarize the suggestions from this paper as follows.

Suggestion 1: For the UE operating with multiple CCs, explicit ACK/NACK resource allocation and implicit ACK/NACK resource allocation should be the baseline. In addition, ACK/NACK resource sharing between multiple UEs should be considered. 

Suggestion 2: A 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 detects only a self-scheduling PDCCH in the DL PCC.

Suggestion 3: Uplink ACK/NACK bundling across the downlink carriers should be supported for the power limited UEs.
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