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1. Introduction

In RAN1#57bis meeting, MIMO adhoc group discussed a joint wayforward on PUCCH TxD schemes[1], which proposes SORTD (Spatial Orthogonal-Resource Transmit Diversity) for PUCCH format 1a/1b.
SORTD requires two (time/frequency/code) resources for transmitting PUCCH. The resource assignment scheme for PUCCH of release 8 was not discussed in the MIMO session but in the main session. Hence, we propose PUCCH resource handling in TxD should also be discussed in the main session before the decision of the actual TxD scheme in MIMO session.

In this contribution, we discuss the system merits of TxD schemes (e.g., SORTD) for PUCCH format (including PUCCH format 2), and several alternatives for resource allocation schemes for PUCCH in LTE-A.

2. Discussion

2.1. Merits of TxD schemes for PUCCH
As discussed in [5], the TxD for PUCCH doesn’t contribute for enhancing the cell coverage for LTE-Advanced, since Rel 8 UEs should be also supported within the same spectrum band. However, we see some merits of having TxD for PUCCH as follows.

· Improvement of the performance within the same range

· Similar format as PUCCH formats 2/2a/2b in Rel 8 might be used for carrying multiple ACK/NACKs in the operation of carrier aggregation
· TxD scheme for PUCCH helps to obtain lower BLER for ACK/NACK

· Higher order modulation or coding rate might be supported by PUCCH in LTE-Advanced
· Reduction of the required power per antenna

· TxD using multiple antenna could contribute to reduce the required power per antenna
· Especially, the property with the same transmission power of PUCCH between antennas is useful for the simultaneous resource transmission of PUCCH and PUSCH when MIMO transmission is configured for the UE.
2.2. Discussion on resource allocation schemes for PUCCH
In the following discussion, we separate the discussion of resource allocation schemes for large PUCCH payload formats like PUCCH formats 2/2a/2b and for small PUCCH payload formats like PUCCH formats 1/1a/1b.

2.2.1 TxD schemes for large PUCCH payload formats
As also discussed in [2], the performance improvements for large PUCCH payload formats would be useful, since higher order modulation/coding rate and multiple ACK/NACK transmission using these formats might be applied in LTE-Advanced. In addition, it is relatively easy to apply multiple-resource based TxD for PUCCH formats 2/2a/2b compared to small PUCCH payload formats like PUCCH formats 1/1a/1b, since resources for large PUCCH payload formats are always semi-statically configured by RRC.
Therefore, SORTD would be a promising TxD scheme for large PUCCH payload formats, since SORTD would achieve better performance. Moreover, resource indication schemes for PUCCH format 2/2a/2b in Rel 8 can be significantly reused.
2.2.2 TxD schemes for small PUCCH payload formats 
The performance improvement for small PUCCH payload formats like PUCCH formats 1/1a/1b doesn’t contribute to improve the cell coverage.  If multiple-resource based TxD schemes are used, it increases the complexity of the scheduler significantly, since these formats are regularly utilized by dynamic ACK/NACK signals and the resource used for dynamic ACK/NACK is decided by the CCE usage for PDCCH.
We don’t deny the support of SORTD since it could contribute to reduce the required power per antenna; however, the resource allocation schemes for multiple-resource based TxD schemes should be carefully studied by whole TSG RAN WG1 (not only in MIMO adhoc group).
Followings are possible alternatives for resource allocation schemes if SORTD is supported for small PUCCH payload formats.
· Alt.1 : All of the resources are linked to CCEs used for PDCCH if CCE aggregation size is larger than 2[6]

· Pros

· Unused PUCCH resources by Rel 8 UEs can be efficiently reused
· Cons

· The TxD schemes for PUCCH could be dynamically varied depending on the CCE aggregation size, which may complicate the UE implementation

· Alt.2 : All of the resource positions are explicitly signaled by RRC (similar to ACK/NACK indication schemes for SPS in Rel 8)
· Pros

· Simple resource allocation scheme
· Semi-static configuration for PUCCH TxD schemes is guaranteed, which may simplify the UE implementation

· Cons
· Some PUCCH resources linked to CCE is not used; hence, less efficient usage of PUCCH resources
· Alt.3 : One of PUCCH resources is linked to CCE as in Rel 8, and other PUCCH resources position are explicitly signaled by RRC 
· Pros

· Semi-static configuration for PUCCH TxD schemes is guaranteed, which may simplify the UE implementation 
· Can reuse the resource allocation scheme for ACK/NACK repetition in Rel 8

Among these alternatives, we currently think Alt.3 is a simple and efficient scheme for PUCCH resource indication if SORTD is supported, although further careful studies are necessary in RAN1.
3. Conclusion

In this contribution, we discussed the merits of SORTD for PUCCH format and several alternatives for resource allocation schemes (if SORTD is supported) for PUCCH in LTE-A.

We propose PUCCH resource handling in TxD is discussed in the main session before the decision of the actual TxD scheme in MIMO session.

We currently think a similar resource indication scheme as Rel 8 ACK/NACK repetition is sufficient for supporting SORTD; however, careful further studies are necessary on this issue.
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