3GPP TSG RAN WG1 #61                                               R1-102691
Montreal, Canada
10 – 14 May, 2010
Agenda Item:
6.2.4.1
Source: 
LG Electronics

Title: 
ACK/NACK resource allocation in LTE-A
Document for:
Discussion and decision
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]-[28]. In this paper, we suggest the general approaches in the aspect of the UL ACK/NACK PUCCH resource allocation. PUCCH format for UL ACK/NACK transmission is dealt with in another paper [29].
2. Issues and suggestions
2.1. 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 some or all of the PDCCH(s) which schedules PDSCH in each subframe dynamically.  

Even though current agreement is not to optimize the A/N feedback for multiple DL CCs assuming that large 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. Actual PUCCH formats/methods for explicit/implicit ACK/NACK resource allocation are discussed in another paper [29].
Suggestion 1: For the UE operating with multiple CCs, consider supporting both explicit ACK/NACK resource allocation and implicit ACK/NACK resource allocation, where explicit or implicit allocation can be UE-specifically configured. 

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, 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. In more details, we may consider two options 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 Rel-8 ACK/NACK when the UE is assigned single PDSCH-grant PDCCH in any DL CC

· For this operation, eNB should blindly detect the actually used PUCCH between Rel-8 ACK/NACK PUCCH and LTE-A ACK/NACK PUCCH. 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.

Option 2) fallback to Rel-8 ACK/NACK when the UE is assigned single PDSCH-grant PDCCH only in the DL CC linked to the UL PCC

·  For this operation, eNB should blindly detect the actually used PUCCH between Rel-8 ACK/NACK PUCCH and LTE-A ACK/NACK PUCCH.
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(a) Examples of option 1 operation
[image: image2.emf]DL CC1 (linked

to UL PCC)

PDCCH

DL CC2

DL CC1 (linked

to UL PCC)

DL CC2

DL CC1 (linked

to UL PCC)

DL CC2

DL CC1 (linked

to UL PCC)

DL CC2

Rel-8 

A/N

LTE-A 

A/N

Rel-8 

A/N

LTE-A 

A/N

Rel-8 

A/N

LTE-A 

A/N

Rel-8 

A/N

LTE-A 

A/N


Ex.1                      Ex.2                   Ex.3                    Ex.4

 (b) Examples of option 2 operation

Figure 1. Examples of the operation of fallback option 1 and option 2
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 is scheduled by a single PDCCH (or a single PDCCH only in the DL CC linked to the UL 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, consider supporting both explicit ACK/NACK resource allocation and implicit ACK/NACK resource allocation, where explicit or implicit allocation can be UE-specifically configured. 

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 is scheduled by a single PDCCH (or a single PDCCH only in the DL CC linked to the UL PCC).

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