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1. Introduction
In last RAN2 meeting, Rel-13 CA enhancement was discussed. One open issue is given as below:
· FFS: When PUCCH on an SCell is configured, the PUCCH SCell shall be initially deactivated and then explicitly activated by the eNB.
PUCCH SCell change is one kind of PUCCH cell group reconfiguration. And the HARQ-ACK and CSI handling during the reconfiguration is an important issue. In this contribution we give our analysis on the SCell activation/deactivation state when PUCCH cell group reconfiguration from the perspective of HARQ-ACK and CSI handling.
To make the description simple, in the section two we call PUCCH Cell Group as PCG, PUCCH Cell Group including PCell as as primary PCG (i.e. pPCG), and PUCCH Cell Group including PUCCH SCell as secondary PCG (i.e. sPCG).
2. Discussion
2.1. Current HARQ-ACK and CSI mechanism 
For HARQ-ACK, it carries on PUCCH and PUSCH UCI. In CA, HARQ-ACK codebook on both PUCCH and PUSCH are related to the configured serving cell set. To reduce the ambiguity on codebook change during the RRC reconfiguration on configured serving cell set change, PUCCH fallback mode was introduced: if there is only a PDSCH transmission on PCell, HARQ-ACK on PUCCH will fall back on Rel-8 mechanism (i.e. PUCCH format 1a/1b and dynamic PUCCH resource selection). And there is no fallback mode on PUSCH. 
For CSI, there are two types: periodic CSI and aperiodic CSI. For aperiodic CSI, it only carries on PUSCH UCI, and it is under eNB control and dynamic scheduled by eNB explicitly. For periodic CSI, it carries on both PUCCH and PUSCH UCI. In CA, for periodic CSI, UE only transmits the CSI of one activated serving cell each time. According to the predefined priority given in 36.213, eNB is aware of the CSI and corresponding serving cell. In general, periodic CSI reporting is related to the activated serving cell set. For SCell activation/deactivation, due to the strict timing for CSI reporting, there is no ambiguity period for CSI reporting. For RRC reconfiguration, in case of SCell addition, since the default state is deactivated, there is no CSI ambiguity; in case of SCell removal, although there is CSI ambiguity if the SCell activated, it is not required to be deactivated first from the spec. There are two reasons: 1) eNB can handle this case by discarding the received CSI if it is not sure about the corresponding serving cell; 2) RRC reconfiguration is infrequent and the ambiguity period is short (i.e.15~20ms), and the impact of the ambiguity can be ignored.
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Figure-1 HARQ-ACK and CSI mechanism in legacy CA
In Rel-13 CA enhancement, as indicated in [1], HARQ-ACK and CSI reporting is within one PCG, similar as DC. Hence, the legacy CA mechanism will be reused in each PCG. There are some observations as below.
Observation 1: HARQ-ACK codebook is related to the configured serving cell set in one PCG.
Observation 2: CSI reporting is related to the activated serving cell set in one PCG. 
Observation 3: HARQ-ACK fallback mode can avoid the ambiguity during RRC reconfiguration procedure for SCell addition/removal.
Observation 4: There is no CSI ambiguity during SCell activation/deactivation. 

Observation 5: There is CSI ambiguity during RRC reconfiguration procedure for activated SCell removal.

The following analysis is based on these observations. 
2.2. PUCCH Cell Group reconfiguration
There are four kinds of PUCCH Cell Group reconfiguration: 1) sPCG addition/removal; 2) SCell of only sPCG change (i.e. addition/removal); 3) SCell change between PCGs; 4) PUCCH SCell change in sPCG.
· sPCG addition/removal
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Figure-2
sPCG addition/removal

Figure-2 gives an example: for sPCG addition, SCell-2&3 are changed from pPCG to sPCG; and for sPCG removal, SCell-2&3 are changed back to pPCG. 
In addition case, in pPCG, the configured serving cell set is changed, and ACK fallback mode can be used; the activated serving cell set will be changed if SCell-2/3 is activated, and eNB can handle the CSI ambiguity since it is same as removing one SCell in legacy CA (according to observation 5). In sPCG, if SCell-2/3 is activated, during the reconfiguration, eNB will not start scheduling in the sPCG and will not process the received data/signal, and it is not so difficult for eNB. If eNB does not like the special handling during ambiguity period, it can deactivate SCell before sPCG addition, and after that activate the SCell.

In removal case, in pPCG, the situation is same as in addition case, and there is no requirement on the activated state of the involved SCells.
Hence, during sPCG addition/removal, there is no requirement on the activated state of the involved SCell, i.e. SCell-2&3 in Figure-2. 
Observation 6: In case of sPCG addition and removal, there is no extra requirement on the activated/deactivated state on the SCell which is moved from pPCG to sPCG or from sPCG to pPCG, including PUCCH SCell and normal SCell. 
· SCell of only sPCG change (i.e. addition/removal)
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Figure-3
SCell of only one PCG change
Figure-3 gives an example on the SCell of sPCG addition/removal. 
In SCell addition case, in sPCG, since the initial state of SCell is deactivated, the activated serving cell set is not changed, and it is no CSI ambiguity. The configured serving cell set is changed, if PCG level ACK fallback mode is introduced, the transmission on PUCCH SCell can performed and the transmission in pPCG will not be impacted during the ambiguity period. 
In SCell removal case, in sPCG, configured serving cell set is changed, but if PCG level ACK fallback mode is introduced, transmission in pPCG will not be impacted, and transmission on PUCCH SCell can be performed. Activated serving cell set will be changed if the activated SCell is removed, but eNB can handle the CSI ambiguity since it is same as removing one SCell in legacy CA (according to observation 5).
Proposal 1: PCG level HARQ-ACK fallback mode should be introduced.
· Normal SCell change between PCGs
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Figure-4
SCell change between PCGs
Figure-4 gives an example: for pPCG->sPCG, SCell-1 is changed from pPCG to sPCG; and sPCG->pPCG, SCell-3 is changed from sPCG to pPCG. 

In both cases, the configured serving cell set of both PCGs are changed, but PCG level HARQ-ACK fallback mode can resolve the ACK ambiguity problem. The activated serving cell set of both PCGs are changed if the SCell-1/3 are activated, and the situation is same as the pPCG in sPCG addition/removal. Hence, there is no requirement on the activated state of the involved SCell. 
Observation 7: In case of normal SCell change between pPCG and sPCG, there is no extra requirement on the activated/deactivated state on this SCell. 
· PUCCH SCell change in sPCG
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Figure-5
PUCCH SCell change in sPCG
Figure-5 gives an example: in sPCG, PUCCH SCell is changed from SCell-2 to SCell-3.
According to the current agreement, “While PUCCH SCell is deactivated, the other SCells belonging to that PUCCH SCell should not be activated. The eNB can manage the activation/deactivation status properly, i.e., no additional UE based mechanism is needed.”, the ambiguity issue is analysis as below:

· Case 1: Before reconfiguration, if SCell-2 is deactivated, SCell-3 should be deactivated, and there is no ambiguity issue; 

· Case 2: Before reconfiguration, if SCell-2 is activated, SCell-3 is deactivated, eNB should explicitly indicate SCell-2 in deactivated state before reconfiguration, since after reconfiguration SCell-3 is the PUCCH SCell, and its deactivated state will not allow SCell-2 activated; 

· Case 3: Before reconfiguration, if both SCell-2 and SCell-3 are activated, there will be ambiguity on PUCCH SCell.  During the reconfiguration, eNB behavior is same as that in sPCG addition, i.e. stop scheduling and discard received data/signal in sPCG. 
The ambiguity issue is only exist in the case of both source and target SCells activated, and it is same as that in sPCG addition, hence, whether to make the SCells deactivated before the reconfiguration, it can be up to eNB implementation.
Observation 8: In case of PUCCH SCell change in sPCG, there is no extra requirement on the activated/deactivated state on the PUCCH SCell.
In general, about the activated/deactivated state of the involved normal SCell and PUCCH SCell during the PCG reconfiguration, based on the observation 6, 7, 8, two proposals are given as below:
Proposal 2: When normal SCell is reconfigured to PUCCH SCell, the activated state is unchanged, i.e. activated or deactivated.

Proposal 3: When PUCCH SCell is reconfigured to normal SCell, , the activated state is unchanged, i.e. activated or deactivated.
Proposal 4: When a normal SCell is changed from one PCG to another PCG, the activated state is unchanged, i.e. activated or deactivated.
Proposal 5: To avoid the ambiguity during the PCG reconfiguration, eNB can deactivated the involved SCell first and then activated it later. 
3. Conclusion
According to the analysis in section 2, it is proposed:
Proposal 1: PCG level HARQ-ACK fallback mode should be introduced.
Proposal 2: When normal SCell is reconfigured to PUCCH SCell, the activated state is unchanged, i.e. activated or deactivated.

Proposal 3: When PUCCH SCell is reconfigured to normal SCell, , the activated state is unchanged, i.e. activated or deactivated.
Proposal 4: When a normal SCell is changed from one PCG to another PCG, the activated state is unchanged, i.e. activated or deactivated.
Proposal 5: To avoid the ambiguity during the PCG reconfiguration, eNB can deactivated the involved SCell first and then activated it later. 
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