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1. Introduction
In the RAN2 meeting #89, the following open questions were identified with respect to supporting PUCCH on a SCell for a UE configured with CA operation [1]:

· Whether SR is supported on a PUCCH SCell?
· Whether the UE applies the SCell deactivation timer to a PUCCH SCell?

· When PUCCH on a SCell is configured, the PUCCH SCell shall be initially deactivated and then explicitly activated by the eNB?

· How many PUCCHs will be supported for more than 5 CCs? 
In this contribution, we provide analysis for these questions and propose ways forward.
2. Discussion
2.1
Whether D-SR is supported on a PUCCH SCell?
The main motivation to introduce PUCCH on SCell is to ease the uplink control signalling burden on the PCell due to the increased number of DL CCs [2]. Supporting D-SR on PUCCH SCell is preferable as it allows better SR distribution among the serving cells to achieve the target of easing uplink control signalling burden on the PCell. On the other hand, considering activation/deactivation was agreed to be supported for PUCCH SCell and performed through a MAC CE while D-SR is configured by RRC, how to handle the D-SR transmission when the PUCCH SCell is deactivated needs to be further discussed. 
In [3], it was proposed to introduce the configuration of D-SR on both the PCell and the PUCCH SCell. One of main arguments for this solution in last meeting was to allow the NW to configure different periodicity values for D-SR on PCell and PUCCH SCell. Since the number of CCs itself does not have an effect on the number of SRs and all radio bears are served within a single eNB/MAC entity in CA, we do not see a strong benefit for introducing this configuration. Unless a strong need is proved, SR on a single serving cell should be taken as baseline.
Proposal 1: Only one D-SR can be configured by the network. The one D-SR can be on the PCell or on a PUCCH SCell.
2.2 
Activation/Deactivation of a PUCCH SCell
The Activation/Deactivation of a PUCCH SCell was discussed at the last meeting and following agreements were reached:
	7 Activation/Deactivation should be supported for PUCCH SCell.

7a 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. 


Whether the UE applies the SCell deactivation timer to a PUCCH SCell is still FFS. 

In current CA, SCells can get deactivated either by an Activation/Deactivation MAC CE or by the SCell deactivation timer. The UE maintains one sCellDeactivationTimer per SCell with a common value across SCells. The sCellDeactivationTimer for a PUCCH SCell may expire causing the PUCCH SCell to be deactivated which other SCells within the PUCCH Group are still active. This should be avoided and one way is not to apply a sCellDeactivationTimer for PUCCH SCell. Alternatively, it can be left for the responsibility of eNB to avoid this situation, e.g. by sending Activation MAC CE or any PDCCH indicating an uplink grant or a downlink assignment for PUCCH SCell before it expires. 
However, due to the loss of Activation MAC CE/PDCCH, it cannot completely avoid the case where PUCCH SCell is deactivated while other SCells belonging to that PUCCH SCell are still activated. Missed activation for PUCCH SCell will result in data transmission loss at MAC layer, which also causes data transmission delay as the RLC has to retransmit the lost PDUs according to its ARQ procedures (in case of acknowledged mode). The eNB can only detect missed activation when the UE does not respond to the data allocation with an ACK/NACK. As CA is typically used with very high data rates, the potential performance loss could be not negligible. 
To prevent this problem, one possible way is to rely solely on explicit signalling for activation/deactivation of PUCCH SCell to ensure the highest level of common understanding between eNB and UE of PUCCH SCell status. An alternative way would be to introduce a new rule to maintain the deactivation timer of PUCCH SCell. For instance, if the deactivation timer associated with PUCCH SCell expires and at the same time a deactivation timer associated with any SCell within the same PUCCH group is running, then the deactivation timer of the PUCCH SCell is immediately restarted by which the PUCCH SCell remains activated. The first option expects the lower complexity and standard impact. 
Proposal 2: RAN2 to discuss whether SCell deactivation timer should not apply for PUCCH SCell or SCell deactivation timer can be modified for PUCCH SCell. 
2.3 PUCCH group management
RAN2 agreed that PUCCH SCells and the mapping of other SCells to those are configured by RRC. One more thing to consider is how to move SCells between different PUCCH groups and how different types of signalling are required to implement that approach.
There are the following alternatives as how to handle the earlier activated SCell status at PUCCH group reconfiguration:

1. Using current SCell addition/release procedure to remove it first and then add a new SCell associated with another PUCCH cell group.

2. Without removing and adding the SCell, UE performs SCell modification as indicated by RRC reconfiguration message including sCellToAddList a.k.a. delta-signalling. Currently, the network can change several SCell-parameters including SRS, CQI, etc. with delta signalling. 
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Figure 1: SCell regrouping procedure

UE will receive an RRC message from the eNB, UE has 15ms to apply RRC message and SCell1 will remain in PUCCH CG1 before t2, as shown in FIG.1, regardless which option is used. The difference between two mechanisms is that the UE will de-activate SCell1 at t2 in Option 1, while SCell1 will remain activated and switch to PUCCH CG2 in Option 2. Since SCells added to the set of configured CCs are initially deactivated, Option 1 would require additional MAC CE to activate SCell1. In addition, Option 1 may create RF interruption during if the UE performs re-tuning upon activation/deactivation of SCells.  
In our view, both options are feasible and would have limited impact on the standard. To make good use of the aggregated CCs it benefits both the network and UE if the data communication is continuously available to the UE and any interruption time is short, Option 2 is therefore preferable for us.  
Proposal 3: As a baseline, PUCCH group reconfiguration is supported via delta signalling instead of addition-release procedure.  

Another question relates to the addition of a PUCCH configuration to an already configured and activated SCell (i.e. so the SCell becomes a PUCCH SCell). Using Figure 1 above as an example, this may be used if the network wishes to change the PUCCH SCell from SCell 2 to SCell1. This could be achieved by release of the SCell and then addition of the SCell including a PUCCH configuration, but this will cause the SCell to be initially deactivated and then an explicit activation by the eNB would be required. To be consistent with the previous proposal, and since also the similar considerations apply here, we therefore propose that a PUCCH configuration can be added to a configured SCell via delta signalling.
Proposal 4: As a baseline, PUCCH configuration can be added to a configured SCell via delta signalling instead of addition-release procedure. 
We also note that a RadioResourceConfigCommon IE includes several common PUCCH configuration fields e.g. IE PUCCH-ConfigCommon, UplinkPowerControlCommon and UplinkPowerControlCommon-v1020. According to the current specification, the update of RadioResourceConfigCommon IE is provided for an SCell using SCell release/addition procedure, which may require SCell release-addition procedure to change the already configured SCell to the PUCCH SCell.    

To address this issue while still following current CA principle, RadioResourceConfigCommon can be configured for each candidate PUCCH SCell or any SCell regardless of whether SCell is configured as PUCCH SCell in future. Then, when performing PUCCH SCell change, SCell modification procedure can be used to provide UE with or without dedicated PUCCH configurations IE as an implicit way to indicate which SCell is newly configured as a PUCCH SCell. 
2.4 Number of PUCCH SCells

In RAN2 #89 it was agreed that there will be at most two PUCCHs (of which one is always on the PCell) for up to 5 CCs and how many PUCCHs will be supported for more than 5 CCs is still FFS. The number of PUCCH SCells generally depends on several factors including PUCCH format capabilities, UL power reduction due to simultaneous multiple PUCCHs transmission and impacts on UE power consumption etc. Such aspects are being studied by RAN1 and RAN4, respectively. Further agreements from RAN1 and RAN4 are required before we can discuss this issue in detail.
Proposal 5: RAN2 to wait for more inputs from RAN1 regarding the number of PUCCH SCells for more than 5 CCs.
2.5 TAG management
Similar to Rel-12 CA, when the TAT associated with a TAG including a PUCCH SCell expires, UE should consider itself out of sync on all serving cells in the associated TAG until the TAT is started again. For all SCells belonging to this expired sTAG, UE shall flush all HARQ buffers and notify RRC to release SRS. More specifically, we think MAC shall notify RRC to release PUCCH configured on that SCell.
The expiry of TAT of PUCCH SCell group prevents all UL transmission (including PUCCH) except preamble in the cells of this sTAG. However, it does not affect the UL transmission on the cells belonging to the same PUCCH group but in a different TA group e.g. the PUSCH/SRS transmission is still possible in the absence of PUCCH resource.
Proposal 6: When a PUCCH SCell TAT expires, MAC shall notify RRC to release PUCCH in addition to following Rel-12 sTAG expiry handling procedure.
3. Conclusion
In this contribution, we have discussed potential for support of PUCCH on SCell. Our detailed proposals are summarized as follows:
Proposal 1: Only one D-SR can be configured by the network. The one D-SR can be on the PCell or on a PUCCH SCell.
Proposal 2: RAN2 to discuss whether SCell deactivation timer should not apply for PUCCH SCell or SCell deactivation timer can be modified for PUCCH SCell. 

Proposal 3: As a baseline, PUCCH group reconfiguration is supported via delta signalling instead of addition-release procedure.  

Proposal 4: As a baseline, PUCCH configuration can be added to a configured SCell via delta signalling instead of addition-release procedure. 
Proposal 5: RAN2 to wait for more inputs from RAN1 regarding the number of PUCCH SCells for more than 5 CCs.
Proposal 6: When a PUCCH SCell TAT expires, MAC shall notify RRC to release PUCCH in addition to following Rel-12 sTAG expiry handling procedure.
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