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1
Introduction
In RAN WG1 Meeting #80, some agreements were reached for the carrier aggregation enhancements beyond 5 carriers:  
· RAN1 supports following two mechanisms for UCI feedback to support Rel.13 CA configurations.

· Enhancements to support UCI feedback on PUCCH on Pcell for up to 32 DL carriers and enhancements to support UCI feedback on PUSCH on one cell for up to 32 DL carriers

· Applicable to both cases when UL CA is configured or UL CA is not configured for UL CA capable UEs

· Applicable to non-UL CA capable UEs

· FFS: Multiple PUCCHs on Pcell

· Two PUCCH cell groups are configured for up to 32 DL carriers

· Applicable only when UL CA is configured

· FFS: how many PUCCH cell groups are supported

· FFS: more than two PUCCH cell groups case

In this contribution we present our view on the FFS questions on the number of supported PUCCH cell groups. This issue was addressed in multiple contributions in the RAN1 #80 meeting, and the opinions were divided. 
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Discussion
As explained in the work item description [1], an important justification of introducing PUCCH on SCell is to allow moving of UCI load to SCells. This is particularly important in the CA deployment scenario #4 with a macro cell as PCell and remote radio heads providing small SCells. Carrying UCI for a large number of UEs and for multiple SCells through the UL of the macro cell would reserve large amount of UL resources and easily cause significant capacity problems on the UL of the macro cell. Further, carrying UCI for large number of SCells can happen more efficiently through Scells due to the lower path loss. On the other hand, it would be important to maintain PUCCH on the macro cell for reliable handling of mobility. Therefore, supporting PUCCH on at least one SCell is well justified.

Observation 1: There is a good justification for PUCCH on one SCell.
In principle, supporting of PUCCH on multiple SCells (besides PUCCH on PCell) is one way to avoid specification and implementation work on new PUCCH format(s) and UCI feedback enhancements for carrying feedback for a large number of cells. With PUCCH cell groups of at most five DL cells, no new PUCCH format(s) would be needed. However, although the targets of the work item could be fulfilled formally this way, assuming that UE can support a large number of UL carriers or constraining the number of aggregated DL cells according to the number of supported UL carriers is not reasonable. Furthermore, RAN 1 agreed to support UCI feedback on PCell PUCCH for 32 DL carriers which means that there is anyway a need for enhanced UCI feedback irrespective of the decision on the maximum number of PUCCH cell groups. 
Observation 2: More than two PUCCH cell groups would not reduce the specification work for new PUCCH format(s) and UCI feedback enhancements.
By configuring PUCCHs of different UEs to different SCells, the total UCI load can be distributed over the SCells.  Introducing multiple SCell PUCCHs might not bring essential further benefit in this sense.  
Observation 3: More than two groups are not needed for spreading the UCI load from different UEs among the SCells. 
The simplest way of specifying multiple SCell PUCCHs would be extension of dual connectivity approach with UE specific semi-static grouping of SCells and transmitting UCIs of different groups on different SCell PUCCHs. This would lead to fairly inflexible and inefficient system where, without DL scheduling constrains, UEs would in the worst case transmit on all the PUCCH’s but there would be feedback only for one DL cell per PUCCH while it would be more resource and power efficient to collect all the feedback on one PUCCH.  

Observation 4: Simple PUCCH grouping with multiple PUCCH cell groups leads to DL scheduling constraints or inefficient use of resources due to distributing UCI feedback to multiple ULs.   
We have not found good grounds for multiple SCell PUCCHs and therefore propose that 
Proposal: The maximum number of PUCCH groups is two in Rel 13.
3
Conclusion
In this contribution, we discussed the number of PUCCH groups. We make the following observations: 

Observation 1: There is a good justification for PUCCH on one SCell.
Observation 2: More than two PUCCH cell groups would not reduce the specification work for new PUCCH format(s) and UCI feedback enhancements.
Observation 3: More than two groups are not needed for spreading the UCI load from different UEs among the SCells. 
Observation 4: Simple PUCCH grouping with multiple PUCCH cell groups leads to DL scheduling constraints or inefficient use of resources due to distributing UCI feedback to multiple ULs.
We do not see any reason to support more than two PUCCH groups and propose that 
Proposal: The maximum number of PUCCH groups is two in Rel 13.
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