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1 Introduction
Enhancement on carrier aggregation (eCA) has been approved as a WI in R-13 [1]. With eCA, up to 32 CCs can be aggregated together. When more CCs are supported, one important issue is the PUCCH overload, which can be mitigated by allowing PUCCH to be transmitted on serving cells other than PCell and PSCell. In this contribution, we present our views on the general scenarios and potential issues for the support of PUCCH on SCell.
The following agreements and FFS items were made in RAN2 #89 meeting (only those related to the discussion in this paper are presented).
	2
PUCCH SCells and the mapping of other SCells to those are configured by RRC

4
PUCCH groups shall not simultaneously comprise cells of MCG and SCG
(We don’t optimize for the combination of DC and PUCCH on SCell)

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. 

FFS whether SR is supported on PUCCH SCell
FFS whether the UE does not apply the SCell deactivation timer to a PUCCH SCell.
FFS: When PUCCH on an SCell is configured, the PUCCH SCell shall be initially deactivated and then explicitly activated by the eNB.


In this paper, we discuss several remaining issues that may be encountered when PUCCH is introduced on SCell, regardless of the number of aggregated serving cells (within or beyond 5 CCs).
2 Discussion
2.1 PUCCH SCell mapping rules
When developing the DC specification, the SCG configuration has been introduced as a part of RRC. For enhanced CA, an intuitive idea is to introduce RRC configurations for PUCCH groups similar to the SCG configuration in DC. However, PUCCH group is different from SCG in that the serving cells in two PUCCH groups may be associated with the same eNB (e.g., all belong to MCG). Without the physical constraint (separated eNBs), the mapping of SCells to PUCCH SCells is more flexible, and thus the more frequent switching is expected.
An important goal of the PUCCH mapping design is to minimize the signalling overhead even with frequent mapping reconfiguration. We propose to provide the PUCCH configuration (for a PUCCH SCell) as well as the indication of corresponding PUCCH SCell (for other SCells) in the configuration of each individual SCell (e.g. in RadioResourceConfigDedicatedSCell). With the proposed configuration method, some signalling designs may be applied to mitigate the overhead. For example, the PUCCH SCell indication needs not to present for SCells transmitting PUCCH on PCell, including the legacy scenario without PUCCH on SCell. Moreover, although multiple PUCCH groups may be supported, in most cases there is only one PUCCH SCell (i.e., 2 PUCCH groups) due to UE capability limitations. An additional index can be assigned to each PUCCH SCell, and then fewer bits are needed to indicate a PUCCH SCell. For instance, if there is one PUCCH SCell, 1 bit instead of 5 bits is needed. Also notice that under a dual connectivity scenario, the PUCCH mapping should be defined within each cell group, since the UCI feedback for serving cells belonging to MCG and SCG have to be transmitted to MeNB and SeNB, respectively.
Based on the discussions above, we have the following proposals.

Proposal 1:
When a SCell carries PUCCH, the PUCCH-related configuration is included in the configuration of the SCell.

Proposal 2:
The mapping to PUCCH SCell is provided in the configuration of each SCell.
Proposal 3:
The UCI feedback for a PUCCH SCell is reported on its own PUCCH.

Proposal 4:
When DC is configured, the PUCCH SCell mapping is defined within each CG.
2.2 Activation and deactivation of PUCCH SCell

When a PUCCH SCell is configured, it shall be activated as it is expected to carry the UCI feedback. When PUCCH is to be configured on an active SCell, whether it needs to be first deactivated and then activated explicitly is under debate. We believe that an active SCell can be configured directly as a PUCCH SCell via RRC signalling, as long as the processing delay due to RRC procedures can be well maintained. To ensure that a PUCCH SCell is always activated, deactivation timer shall not be applied to a PUCCH SCell. 
Proposal 5:
Once a PUCCH SCell is configured, it is always activated. Deactivation timer shall not be applied to a PUCCH SCell. An active SCell can be configured directly as a PUCCH SCell via RRC signalling.
On the other hand, when a PUCCH SCell is reconfigured as a normal SCell, it remains activated. As other SCells, it can then be deactivated using standard procedures such as MAC command and deactivation timer.
Proposal 6:
When a PUCCH SCell is reconfigured as a normal SCell, it remains activated.
Moreover, the PUCCH SCell of a PUCCH group may change. In this case, SCells in the same PUCCH group can recognize the new PUCCH SCell via RRC signalling and need not to be deactivated.
Proposal 7:
Upon PUCCH SCell change, SCells in the same PUCCH group need not to be deactivated.
2.3 Scheduling request on PUCCH SCell
The third issue about PUCCH on SCell is whether dedicated scheduling request (D-SR) is allowed to be transmitted on PUCCH SCell. We believe that it should be allowed, and the reasons are twofold. First, a UE with uplink traffic may send D-SR whenever it sees a PUCCH resource allocated on either PCell/PSCell or a PUCCH SCell. This implies lower latency for SR transmission. Second, the existing PUCCH formats carrying SR (e.g., formats 1 and 3) can always be used. The UE needs not to identify a PUCCH SCell and choose legal PUCCH formats accordingly. This leads a simpler UE behaviour and better flexibility. Thus, we have the following proposals.
Proposal 8:
SR transmission on PUCCH SCell is supported.
Proposal 9:
A UE in need of uplink resources sends SR at any PUCCH resource for SR transmission, which can be either on PCell/PSCell or a PUCCH SCell.
The SR prohibit timer was introduced to avoid too frequent SR transmissions and unnecessary power consumption. Bear the power saving purpose in mind, we shall keep only one SR prohibit timer in each CG when PUCCH SCell is configured. To ensure timely SR transmission, the value of SR prohibit timer is set as an integer multiple of the shortest SR periodicity on PCell (PSCell) and all PUCCH SCells in MCG (SCG).
Proposal 10:
In each CG there is only one sr-ProhibitTimer, whose value is an integer multiple of the shortest SR periodicity on all PUCCH-carrying cells in the CG.

A further question is whether simultaneous D-SR transmissions on both PCell and PUCCH SCell are allowed. Since SR is a single bit indicating the need of uplink resources by a UE, the reception of either one or two SR bits means the same for eNB. However, a reasonable UE behaviour is to send only one request and avoid two simultaneous uplink transmissions if possible. Considering the processing simplicity, we propose to transmit the SR on PCell in such cases. Similarly, under DC scenario, the SR for SCG is transmitted on PSCell when SR opportunities present on both PSCell and PUCCH SCell in the same TTI.
Proposal 11:
In MCG (SCG), when SR opportunities present on both PCell (PSCell) and a PUCCH SCell in the same TTI, the SR is transmitted on PCell (PSCell).

The above proposals are illustrated in Figure 1 by a system with different SR periodicities and offsets in PCell and PUCCH SCell.
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Figure 1
3 Conclusion

It is proposed to discuss and decide on the following proposals:
Proposal 1:
When a SCell carries PUCCH, the PUCCH-related configuration is included in the configuration of the SCell.

Proposal 2:
The mapping to PUCCH SCell is provided in the configuration of each SCell.
Proposal 3:
The UCI feedback for a PUCCH SCell is reported on its own PUCCH.
Proposal 4:
When DC is configured, the PUCCH SCell mapping is defined within each CG.

Proposal 5:
Once a PUCCH SCell is configured, it’s always activated. Deactivation timer shall not be applied to a PUCCH SCell. An active SCell can be configured directly as a PUCCH SCell via RRC signalling.
Proposal 6:
When a PUCCH SCell is reconfigured as a normal SCell, it remains activated. 
Proposal 7:
Upon PUCCH SCell change, the SCells in the same PUCCH group need not to be deactivated.
Proposal 8:
SR transmission on PUCCH SCell is supported.

Proposal 9:
A UE in need of uplink resources sends SR at any PUCCH resource for SR transmission, which can be either on PCell/PSCell or a PUCCH SCell.
Proposal 10:
In each CG there is only one sr-ProhibitTimer, whose value is an integer multiple of the shortest SR periodicity on all PUCCH-carrying cells in the CG.
Proposal 11:
In MCG (SCG), when SR opportunities present on both PCell (PSCell) and a PUCCH SCell in the same TTI, the SR is transmitted on PCell (PSCell).
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