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1 Introduction
In RAN1#58 held in Shenzhen in August 2009 [1], the following has been agreed for PUCCH Tx diversity:

· Multiple-resource PUCCH for 2Tx
· Rel-8 PUCCH format
· PUCCH format 1/1a/1b
· Spatial Orthogonal-Resource Transmit Diversity (SORTD) is applied
· The same modulated symbol d(0) is transmitted on different orthogonal resources for different antennas
· Resource allocation is FFS
· PUCCH format 2/2a/2b: FFS
· Multiple-resource PUCCH for 4Tx
· 2Tx TxD is applied
· 2Tx TxD transmission is UE implementation issue
The main contents of these bullet points were captured in a TP as proposed in [2].
In this contribution, we discuss about resource allocation methods for SORTD used for PUCCH format 1/1a/1b.

2 PUCCH Resource Allocation for SORTD
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Figure 1 PUCCH TxD: SORTD utilizing two PUCCH resources
A UE configured to do PUCCH TxD utilizes two PUCCH dynamic-ACK (D-ACK) resources when the UE implements SORTD as illustrated in Figure 1. When a PDCCH DL grant has been transmitted in more than 1 CCE for the UE, the first 2 CCE indices for the PDCCH could be used for determining the two PUCCH resources required for SORTD, following a similar spirit as Rel-8’s. However, when a PDCCH DL grant for the UE has been transmitted in only one CCE, the UE’s behavior is not confirmed by the RAN1 group yet. In this one-CCE case, at least two alternatives of the UE behavior can be considered. 

In one alternative (Alternative 1), the UE utilizes a specification-transparent transmit diversity scheme to transmit a dynamic ACK/NACK modulation symbol in a single PUCCH resource which is mapped by the one CCE. The ACK/NACK modulation symbol is multiplexed with the same CS and OC mapping to one CCE, and then the data are transmitted over two antennas using slot-based PVS or TSTD, which preserves single-carrier (SC) property and employ one orthogonal resource for DMRS and control data. Alternative 1 is illustrated in Figure 2.
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Figure 2  One-CCE Alternative 1. Spec-transparent Tx Diversity
In another alternative (Alternative 2), the UE is assigned an additional PUCCH resource as well as the PUCCH resource one-to-one mapped by the one CCE using the Rel-8 mapping rule, and utilizes SORTD using the two PUCCH resources. The additional PUCCH resource can be implicitly indicated by the one CCE. For example, when the one CCE has CCE index number 
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, the additional PUCCH resource is one-to-one mapped by 
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Some benefits of Alternative 2 over Alternative 1 include:
· Alternative 2 gives better reliability of PUCCH D-ACK transmissions than Alternative 1. 
· The PUCCH D-ACK transmission reliability is kept the same regardless of the number of CCEs used for a corresponding PDCCH DL grant.

One drawback of Alternative 2 over Alternative 1 is that the additional CCE cannot be used for DL grants for another UE. However, the additional CCE can be used for other DCIs than DL grants: e.g., UL grant.

Considering the benefits and drawbacks of Alternative 2 over Alternative 1, we have preference on Alternative 2. 
3 Conclusion
In this contribution, we considered on a design issue of how to assign PUCCH D-ACK resources for PUCCH TxD. Based on the consideration, we propose the following:
· If the number of CCEs is greater than or equal to 2, use first 2 CCEs to map two PUCCH D-ACK resources for SORTD.

· If the number of CCEs is less than 2, consider giving an additional PUCCH resource for a UE to implement SORTD. In this case, the CCE mapping to the additional PUCCH resource cannot be used for DL grant, but it can be used for other DCIs, like UL grant.
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