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1 Introduction

SORTD for PUCCH Format 1b with channel selection was agreed to be supported primarily for improving UL coverage, similar to supporting SORTD (and repetitions) for PUCCH Format 1b [1]. The only remaining issue is the resource allocation for the second AP as the resource allocation for the first AP follows the Rel-10 one.

Three alternatives were identified in RAN1#69 for down-selection regarding the resource 
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· Alt 1: Explicit RRC configuration of 
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· Alt 2: 
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for implicit resources when MIMO is configured for FDD and TDD M=1
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· Alt 3:
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· Spatial bundling for 3 or 4 bits

The above alternatives are interpreted to apply only for the case the resource determination for the first AP (legacy) is implicit; otherwise, explicit resource determination for the second AP is always assumed.  
2 Resource Mapping 
The main disadvantage of SORTD is that it doubles the required resource overhead (unless the resources for the second AP can be implicitly derived). Considering a TDD system and the typical case of M>1, explicit RRC configuration of resources for the second AP requires that 4 resources are reserved per UE. Then, for the typical case of 
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, the number of UEs that can be accommodated per PRB is 4.5. Although only a few DL CA UEs may be scheduled per subframe, many UEs may be configured with DL CA and unless there are some scheduling restrictions to enable sharing of RRC configured resources among multiple UE configured with DL CA, an additional resource overhead in the order of 2 or more PRBs can be expected (depending on the severity of scheduling restrictions, which will also have some impact on DL throughput, and on the number of UE configured with SORTD which may need to be unnecessarily limited in order to control overhead). At 10 MHz, an additional overhead of 2 PRBs is equivalent to an additional overhead of 4% of the total UL BW (and equivalent to a double digit percentage increase in control resources). Regardless of the exact value of the additional overhead, there is no need for it or for the associated scheduling restrictions as, similar to the first AP, all 4 resources/(or 2 out of 4 resources) for the second AP can be implicitly determined in case of cross-cell scheduling/(or SCell self scheduling). Therefore, Alt. 1 is not preferable. 
Regarding Alt. 2 and Alt. 3, their only difference is for FDD and TDD with M=1 when a PDSCH TM with two Transport Blocks (TBs) is configured in at least one of the 2 cells. In that case, Alt. 2 assumes that 4 CCEs are used to transmit the DCI format associated with any such PDSCH TM, expands the resource mapping to incorporate the additional CCEs, and does not apply HARQ-ACK spatial bundling. In case of a self-scheduling SCell with SU-MIMO PDSCH TM, Alt. 2 requires the configuration of 4 resources (instead of 2 resources in case of SAP transmission). Alt. 3 considers that the Rel-10 spatial bundling is default operation (i.e. also applied for FDD and TDD with M=1), re-uses Rel-10 mapping principles for the resources of the second AP leading to the simplest specifications and a mapping that requires the least overhead and remains the same regardless of the number of configured TBs per cell. 

Considering that SORTD for PUCCH Format 1b with channel selection is primarily useful for improving coverage, the case of a coverage limited UE configured with (rank>1) SU-MIMO is not very likely and should not be a reason for not pursuing the simplest specifications. Also, although the assumption that such UEs will require at least 4 CCEs for the transmission of DCI formats associated with SU-MIMO PDSCH TMs is not unreasonable, the transmission of full HARQ-ACK information without applying spatial bundling is contradictory to the objective of improved coverage. Moreover, even assuming the same HARQ-ACK BLER regardless of HARQ-ACK spatial bundling, any throughput loss from spatial domain bundling (which is much smaller than for time domain bundling) for UL coverage limited UEs will be smaller for FDD or TDD with M=1 than for TDD with M>1 where spatial bundling is necessary and is Rel-10 operation.
Therefore, Alt. 3 is preferred. 

Then, the resource mapping for the second AP follows directly the one for the first AP and re-uses the Rel-10 SORTD mapping:

· If the resource for the first AP is determined from 
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· If the resource for the first AP is RRC configured, the resource for the second AP is RRC configured.
· If the resource for the first AP is indicated by ARI (TPC bits of SCell PDCCH), the resource for the second AP is indicated by the same ARI (same as in Rel-10 SORTD for PUCCH Format 3).
3 Conclusions

This contribution considered the 3 alternatives identified in RAN1#69 for the resource mapping of the second AP for SORTD of PUCCH Format 1b with channel selection. The first alternative introduces unnecessary overhead and/or scheduler restrictions and is not preferred. The second alternative is incompatible with the objective of improving coverage and requires some additional overhead (in case of SCell self scheduling with SU-MIMO). The third alternative leads to the simplest specifications with a same mapping regardless of the number of TBs per cell, the lowest overhead, and directly re-uses the Rel-10 design of SORTD for PUCCH Format 1b, and it is therefore preferred.

Proposal: SORTD for PUCCH Format 1b with channel selection uses spatial bundling and a resource mapping for the second AP as follows:

· If a resource for the first AP is determined from 
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· If a resource for the first AP is RRC configured, a resource for the second AP is RRC configured.
· If a resource for the first AP is indicated by ARI, a resource for the second AP is indicated by the same ARI. 
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