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1 Introduction 
During RAN2#89 meeting, it was agreed that 3 scenarios for PUCCH group should be supported [1]. In this paper, additional scenario for PUCCH Grouping will be analyzed.
2 Discussion
In RAN2#89, it was agreed that the following scenarios should be supported unless severe problems are identified:

Scenario 1: one TAG contains multiple serving cells with PUCCH, illustrated as Figure 1;

Scenario 2: Each TAG only comprises cells of one PUCCH group, illustrated as Figure 1;

Scenario 3: A TAG comprises the serving cells (without PUCCH) which belong to the different PUCCH groups, illustrated as Figure 1;
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Figure 1 Scenario 1
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Figure 2 Scenario 2
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Figure 3 Scenario 3
In Scenario 3, it is assumed that when serving cells of a sTAG belong to different PUCCH groups, all serving cells in this sTAG could not configure PUCCH. There is no agreement about the scenario “A TAG comprises the serving cells (with PUCCH) which belong to the different PUCCH groups” illustrated as Figure 4.
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Figure 4 Scenario 4
In Scenario 4, a TAG comprises the serving cells (with PUCCH) which belong to different PUCCH group. This scenario should also be possible if independent configuration of PUCCH groups and TAGs is the basic requirement.
In this scenario, there is a case that PUCCH on SCell2 is released in case of TAT expiry of sTAG1 which might be caused due to the issue from SCell1. If PUCCH on SCell2 is released, then the downlink transmission of sTAG2 should be impacted accordingly since the serving cells of sTAG2 belong to the same PUCCH group with SCell2. If this case happens, it looks inefficient since the issue of SCell1 (without PUCCH, not PCell) might cause PUCCH release and cause the data transmission issue for other serving cells which share the same PUCCH. One reason why this case might happen could be originated from that the selection of the timing reference cell for sTAG is left for UE implementation nowadays, which means that UE might select any serving cell as its timing reference cell for one sTAG. If UE selects SCell1 of sTAG1 as the timing reference cell autonomously, then the issue could happen; but if UE selects PUCCH SCell2 of sTAG1 as the timing reference cell, in case of the issues from SCell2 triggering TAT expiry, since PUCCH SCell has problems itself, the release of PUCCH looks reasonable.

The similar issue also happens to Scenario 2 and Scenario 3, e.g. assuming there are multiple serving cells in sTAG2, illustrated as Figure 5 and Figure 6. 
The possible solution is that UE selects PUCCH SCell as the timing reference cell for the sTAG which PUCCH SCell belongs to. This could be achieved by UE implementation intelligently.
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Figure 5 Scenario 2 with multiple serving cells in sTAG2
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Figure 6 Scenario 3 with multiple serving cells in sTAG2
Based on the above analysis, in order to support independent configuration of PUCCH groups and TAGs and achieve better performance, there are the following proposals:
Proposal 1: Scenario 4 “a TAG comprises the serving cells (with PUCCH) which belong to different PUCCH group” should also be supported.

Proposal 2: UE selects PUCCH SCell as the timing reference cell for the sTAG which PUCCH SCell belongs to. This could be achieved by UE implementation intelligently.
3 Conclusion
Based on the analysis in this paper, there are the following proposals:
Proposal 1: Scenario 4 “a TAG comprises the serving cells (with PUCCH) which belong to different PUCCH group” should also be supported.

Proposal 2: UE selects PUCCH SCell as the timing reference cell for the sTAG which PUCCH SCell belongs to. This could be achieved by UE implementation intelligently.
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