3GPP TSG RAN1#62       





                        R1-104687
Madrid, Spain
August 23 – 27, 2010

Agenda Item:
6.2.4.1
Source:
Motorola

Title:
PUCCH Resource Selection for Carrier Aggregation
Document for:
Discussion/Decision
1. Introduction

In RAN1#61bis, several agreements on ACK/NACK for carrier aggregation were reached.  They include the following points –

· ACK/NACK multiplexing

· For Rel-10 UEs that support up to 4 A/N bits: PUCCH Format 1b with channel selection

· For Rel-10 UEs that support more than 4 A/N bits: DFT-S-OFDM
In addition, a single UE-specific uplink component carrier will be configured to carry the PUCCH of up to 5 downlink carriers. This contribution addresses the issue of how PUCCH resource selection should be done in light of the agreement.
2. Resource Selection
Currently, ACK/NACK resource allocation is done implicitly based on the CCE assignment.  However, to support implicit selection with carrier aggregation may require extensive amount of resources to be reserved.  This overhead may be substantial considering (1) the need to support different user-specific carrier configurations and (2) the number of scheduled users with assignment in multiple carriers may be limited.  For instance, enough resources to handle 5 downlink carriers must be reserved in one uplink carrier to handle user-specific 5DL:1UL configuration.

Naturally, when only one DL assignment is given in the DL PCC, PUCCH assignment should be done per Rel-8 procedure based on the CCE used for the assignment.  As a result, it is recommended that ACK/NACK resource assignment is done implicitly based on Rel-8 principle when only one assignment is given (i.e. DL transmission only on one carrier).

PUCCH Format 1b

In Rel-10, this format will be used to support up to 4 A/N bits.  This is analogous to the ACK/NACK multiplexing mode currently supported in TDD.  Currently, ACK/NACK resource allocation is done implicitly based on the CCE assignment.  However, to support implicit selection with carrier aggregation may require extensive amount of resources to be reserved.   This is especially true since carrier aggregation scenario is user-specific.  As a result, it is recommended the explicit PUCCH resource assignment be given via RRC signalling.   In this case, a UE may be assigned the starting index of the reserved PUCCH resource similar to PRACH preamble assignment for the cell.
DFT-S-OFDM
DFT-S-OFDM multiplexing capacity is similar to that of PUCCH Format 2.  Obviously, the multiplexing capacity is much smaller than that of Format 1.  As a result, it would be impractical to use implicit resource selection for this format.   It is therefore recommended the explicit PUCCH resource assignment be given via RRC signalling.  
Some examples of explicit resource assignment methods include –

· Users are given the resource assignment via a field in the DL grant.

· Resource assignment is given via CRC masking – resource selection is given by different masking bit patterns.

· Users are assigned resource (e.g. PUCCH resource index and uplink carrier) via RRC signalling.  eNB manages scheduling to ensure there is no resource conflict.
In general, RRC signalling is the most robust and done with minimal overhead.  Some scheduling flexibility is lost when compared to a more dynamic approach such as explicit assignment via the grant.  However, it is not expected to be a major issue in typical deployment scenarios with sufficient number of UEs.  Thus, this approach should be considered a baseline.  
Recommendation: ACK/NACK resource assignment should be given explicitly via RRC configuration as a baseline for UE when more than one carriers are assigned.
With explicit signalling, scheduling flexibility may be limited and scheduling restriction may need to be imposed to avoid collision.  To minimize this issue, a hybrid approach similar to Rel-8 downlink ACK/NACK resource assignment can also be used to reduce PUCCH overhead.  In this case, ACK/NACK resource assignment is done implicitly in principle but with possible explicit control by the eNB (e.g. to avoid resource conflict).  This is analogous to the PHICH resource assignment where ACK/NACK resource is implicitly tied to the resource block number but can also be explicitly controlled by eNB using DMRS assignment.  With this approach, it may be possible to reduce the PUCCH overhead substantially.  Other hybrid approaches are also possible.  For example, ACK/NACK resource is implicitly tied to the CCE number but can also be explicitly changed by eNB using an explicit assignment field (e.g. number of scheduled carriers).  With this approach, it is possible to reduce the PUCCH overhead substantially since eNB can avoid potential resource contention.
3. Conclusions

This contribution addresses the issue of ACK/NACK resource selection for carrier aggregation in Rel-10.  It is recommended that –

· ACK/NACK resource assignment is done implicitly based on Rel-8 principle when only one assignment is given (i.e. DL transmission only on one carrier). 

· ACK/NACK resource assignment should be given explicitly via RRC configuration as a baseline for UE when more than one carriers are assigned.

Hybrid scheme may also be considered to improve scheduling flexibility and minimize scheduling restriction.
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