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1 Introduction
The introduction of PUCCH on SCell is mainly driven by the possibility to off-load the PCell from some of the PUCCH signalling [1]. This feature is expected to be particularly useful in a carrier aggregation (CA) setup “beyond 5 carriers” where the existing PUCCH formats and UCI reporting functionalities may not be efficient.

The present contribution addresses some of mainly UP related open issues related to PUCCH on SCell that have been planned to be discussed during this RAN2#89-bis meeting [2]:

· Activation/Deactivation related aspects
· Activation/Deactivation handling when PUCCH is configured on an SCell
· Applicability of the SCell deactivation timer to a PUCCH SCell
· UE behaviour upon TA timer expiry
· Path loss reference for PUCCH SCell.
We refer to our paper “Configuration of PUCCH SCell” for configuration details of PUCCH on SCell and to “SR on PUCCH-SCell” for discussion on whether D-SR resource shall be configured on the PUCCH-SCell or not [3][4].
2 Discussion
Figure 1 illustrates a possible carrier aggregation deployment with PUCCH on SCell. A PUCCH on SCell configuration is a special carrier aggregation framework in which one or more SCells are configured as PUCCH-SCells and provided with PUCCH resources. A PUCCH-SCell is supposed to convey PUCCH information related to one or more SCells that are mapped to it via RRC signalling.
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Figure 1: Possible carrier aggregation deployment with PUCCH on SCell.
2.1 Activation/Deactivation of the PUCCH-SCell

In RAN2#89 meeting, it was agreed that activation/deactivation should be supported for PUCCH-SCells. It was also agreed that the eNB should ensure that when the PUCCH-SCell becomes deactivated all SCells mapped to this PUCCH should also be deactivated, i.e. the eNB should not indicate that the PUCCH-SCell should get deactivated while a cell mapped to this PUCCH-SCell is activated.
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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. 




Therefore, since deactivation has been already discussed, in the sequel we just focus on activation details.
Activation of PUCCH-SCells might be carried out following different procedures depending on whether the component carrier that is going to be configured as PUCCH-SCell is already active or not. 
In the following scenario, we refer to “candidate PUCCH-SCell” to a component carrier that is going to be configured as PUCCH-SCell for some SCells.
A possible scenario for activation is depicted in Figure 2, where the candidate PUCCH-SCell represents a component carrier that is going to be configured as PUCCH-SCell. In Figure 2, the candidate PUCCH-SCell is initially deactivated and it does not have any PUCCH resources configured.  The objective is to configure the candidate PUCCH-SCell and re-map some existing serving cells to the candidate PUCCH-SCell. 
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Figure 2: A possible scenario for the activation of the PUCCH-SCell
Since a PUCCH-SCell should be activated if there are SCells activated and mapped to it, following options could be considered:
1. The eNB first activates the candidate PUCCH-SCell. Then the eNB sends an RRC message with the PUCCH resources for the candidate PUCCH-SCell and remapping of other SCells.
2. The eNB sends an RRC message with the PUCCH resources for the candidate PUCCH-SCell and remapping of other SCells. The new PUCCH-SCell is active by default upon RRConnectionReconfiguration processing.

3. The eNB first sends an RRC message containing the PUCCH resources and the list of the serving cells to be mapped to the candidate PUCCH-SCell. The eNB shall also provide in the RRC message additional information which can indicate that the new PUCCH-SCell and the SCell mapped to it shall be activated or not after RRConnectionReconfiguration processing.
4. The eNB deactivates the SCells which should be re-mapped to the candidate PUCCH-SCell. Then the eNB sends an RRC message with PUCCH resources for the candidate PUCCH-SCell and the list of the serving cells to be mapped to the candidate PUCCH-SCell. After reception of RRCConnectionReconfigurationComplete, the eNB re-activates the new PUCCH-SCell and the SCells mapped to it. 

Option 1 and 4 imply additional delays that might arise e.g. if MAC CE commands are lost or postponed in the unlicensed spectrum because of LBT events. Option 2 instead has the drawback that operators might desire to statically configure the PUCCH-SCell and the related SCells mapping and activate them for UL/DL traffic only when it is needed.
Therefore, we propose to have the possibility to activate the PUCCH-SCell and the SCells mapped to it when added or modified.

Proposal 1 Introduce RRC signalling where the network can instruct the UE to activate SCells upon addition and modification.
It is worth noting that Proposal 1 seems to be general enough to be applied to other possible scenario, e.g. 
· When a candidate PUCCH-SCell is not yet configured as serving cell for the UE.
· When the SCells to be remapped to a new PUCCH-SCell are not active yet. 
2.2 Deactivation timer on PUCCH-SCell
Besides the MAC CE deactivation command, a serving cell can be deactivated by the timer sCellDeactivationTimer. The sCellDeactivationTimer is restarted each time the UE sends/receives data on a serving cell; hence it will expire if the SCell is not used for data communication for a given period of time. If the timer is configured on the PUCCH-SCells, the eNB would therefore need to schedule the UE on the PUCCH-SCell frequently enough to avoid impacting UCI transmissions related to the SCells mapped to this PUCCH-SCell.

However, depending on the load and priority of the bearers mapped in the PUCCH-SCell, as well as on LBT mechanism in LAA, the eNB might not manage to schedule the PUCCH-SCell frequently enough.
Observation 1 The eNB cannot always schedule the UE frequently enough to ensure that the sCellDeactivationTimer never expires.

The other alternative to ensure that the sCellDeactivationTimer never expires would be to configure the value to infinity for the timer. However, since the UE applies a common timer value for all SCells the eNB would need to use the value infinity for all SCells just in order to avoid that PUCCH SCell never gets deactivated, which seems to be not desirable.

We therefore propose that the sCellDeactivationTimer should not be used for SCells with PUCCH, similar to how it is not applied to the PSCell in Dual Connectivity.

Proposal 2 sCellDeactivationTimer is not used for PUCCH-SCells.
2.3 Path loss reference for PUCCH-SCell
In current CA legacy behaviour, the eNB indicates for a certain SCell whether the PCell or the SCell itself should be used to estimate the path loss.

One possible option could be to extend the pathlossReferenceLinking and allow a SCell to use as path loss reference the corresponding PUCCH-SCell or another SCell in the same TAG. The motivation why the PCell can be used as pathloss reference was that the PCell is always activated, so for SCells provided from the same physical location as the PCell, the UE can use the PCell as reference also for those SCells. However, in contrary to the PCell, the PUCCH-SCell can be deactivated and hence it would not be suitable to use the PUCCH-SCell as pathloss reference for other serving cells. We therefore propose.  

Proposal 3 The legacy path loss reference linking can be applied to the PUCCH-SCell framework. 
3 Conclusions
In this paper, we have given an overview of open issues on the topic “PUCCH on SCell”.

Based on the above discussion, we propose the following:
Proposal 1
Introduce RRC signalling where the network can instruct the UE to activate SCells upon addition and modification.
Proposal 2
sCellDeactivationTimer is not used for PUCCH-SCells.
Proposal 3
The legacy path loss reference linking can be applied to the PUCCH-SCell framework.
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