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1 Introduction
During RAN1#59bis two alternatives were identified regarding the use of SORTD for PUCCH format 1a/1b in case of dynamic scheduling:

· Alt1: SORTD is always ON if configured

· Alt2: SORTD when two or more CCEs, fallback to single antenna port (or transparent TXD) when one CCE

2 PUCCH TxD for format 1a/1b with Dynamic Scheduling
When SORTD is configured to a UE for format 1a/1b, two D-ACK resources are needed. 
A few methods were identified for assigning these two resources [1]—[6]. A common view exists for the first resource which is obtained by the Rel-8 mechanism using the smallest CCE number of a respective DL grant. For the second resource, the views have not converged. In one method (Method 1), the second resource is also derived from a CCE number used for the DL grant. In another method (Method 2), the second D-ACK resource is semi-statically configured by higher-layer signaling. 
In one way of implementing Method 1, the second resource is derived by a second CCE number of the DL grant. In this case, a clarification is needed if only 1 CCE is used for the DL grant. Some proposals consider having SORTD always on regardless of the number of CCEs used for the DL grant (Alt 1), while others propose having SORTD only when 2 or more CCEs are used for the DL grant (Alt 2). It is noted that for Method 2 or some implementations of Method 1 that does not make use of additional CCE number, Alt 1 would be a natural solution as the second resource is determined regardless of the number of CCEs used for the DL grant. 
Alt 1 and Alt 2 are now compared when Method 1 is used and when a second D-ACK resource is derived by a second CCE number of the DL grant. One obvious drawback of Alt 1 is the CCE usage restriction as the second CCE cannot be used for other UEs’ DL grants. However, it is noted that the second CCE can be used for other purposes than DL grants, e.g., UL grants. On the other hand, Alt 2 has some other drawbacks. One drawback is that a PUCCH D-ACK reception performance can dynamically fluctuate as the PUCCH TxD schemes used in case of 1 CCE and in case of more than 1 CCEs have different performances. This dynamic performance fluctuation may adversely impact DTX threshold tracking performance. Another drawback is that an eNodeB may face error cases when a UE erroneously detects the CCE aggregation level. The error cases that have impact on SORTD resource selection would be to falsely detect an aggregation level of 2 (or more) CCEs when one CCE is used for carrying a DL grant (1-to-2 error) or to falsely detect an aggregation level of 1 CCE when 2 (or more) CCEs are aggregated (2-to-1 error). Error cases from confusing between aggregation levels have already treated in Rel-8 [7]. If the probabilities of the 1-to-2 errors and the 2-to-1 errors are non-negligible (e.g. much greater than 1e-4), Alt 2 allowing switching between two schemes depending on the detected CCE aggregation level does not seem to be a reliable scheme. 
As drawbacks in Alt 2 have a bigger impact on system performance and implementation than Alt 1, Alt 1 is preferred.
3 Resources for PUCCH TxD

Comparing Method 1 (dynamic allocation of a second resource derived from CCE numbers in a corresponding DL grant) and Method 2 (semi-static allocation of a second resource), Method 1 is preferred as Method 2 incurs more overhead than Method 1. 

Method 1 can be implemented in multiple ways, where 
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 is the smallest CCE number in the aggregated CCEs used for the DL grant:

· Method 1-1: Both resources are always derived from 
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· Method 1-2: Both resources are derived from 
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. The first resource is derived from  
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, using the Rel-8 CCE to PUCCH resource mapping. The OCC and CS pair corresponding to the second resource is the closest one to the OCC and CS pair corresponding to the first resource in either the OCC or the CS dimension. 
· Method 1-3: The two resources are derived by 
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 and another CCE number that shares the same parent node as 
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 in the PDCCH search tree, as illustrated in Figure 1. When 
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 is even, 
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 will be used for the derivation of the second resource; on the other hand, when 
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 is odd, 
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 will be used for the derivation of the second resource.
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Figure 1 Illustration of Method 1-3

We see that Method 1-2 may have impact on the PUCCH detection performance as it may reduce the separation distance between two PUCCH resources. Method 1-1 and Method 1-3 may appear similar but they have subtle differences. When one CCE is used to send a DL grant, it can be located either on the left leaf node or on the right leaf node. When the one CCE is located on the left leaf node, Method 1-1 and Method 1-3 would be identical, i.e., it would use 
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 for PUCCH TxD. On the other hand, when the one CCE is located on the right leaf node, Method 1-3 would use 
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. We see some benefits of Method 1-3 over Method 1-1:
· When the one CCE is located on the right leaf node, Method 1-3 uses two CCEs from one aggregation of 2 CCEs while Method 1-1 uses two CCEs from two aggregations of 2 CCEs, one CCE from each aggregation. When Method 1-1 is used, two 2-CCE aggregations cannot be used for DL grants for other UEs while when Method 1-3 is used, only one 2-CCE aggregation is restricted. 
· When there is 2-to-1 CCE detection error when the one CCE is located on the right leaf node, Method 1-3 correctly uses 
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  and 
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 for deriving the two PUCCH resources, while Method 1-3 does not.

Based on these observations, we prefer Method 1-3 for PUCCH format 1a/1b resource mapping: The two resources are derived by 
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 and another CCE number that shares the same parent node as 
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 in the PDCCH search tree.

4 Conclusion
Based on the observations made in this contribution, we have a preference on Alt 1: SORTD is always ON if configured.
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