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1. Introduction

In last RAN plenary, a new WI was approved, i.e. “LTE Carrier Aggregation Enhancement Beyond 5 Carriers” as in RP-142286 (see the captured objective of this WI below).

According to the WID, PUCCH on SCell can be supported. This paper will introduce the issues to be discussed to support PUCCH on SCell.
	4.1
Objective of SI or Core part WI or Testing part WI

This work is conducted to support PUCCH on SCell for Carrier Aggregation and enhancing the carrier aggregation capabilities up to 32 component carriers. The detailed objectives of this work item are:
1. For Rel-12 CA configurations, specify and complete the support of PUCCH on SCell for UEs supporting uplink Carrier Aggregation.

· Develop the physical layer specifications for PUCCH on SCell based on the UCI mechanism for Dual Connectivity (i.e., PUCCH is configured simultaneously on PCell and one SCell) and based on the UCI signalling formats on PUCCH defined for Rel-12 CA configurations [RAN1 until RAN#68].

· Identify and specify required L2/L3 functions and procedures to support PUCCH on SCell for the UE [RAN2].

2. Specify necessary mechanisms to enable the LTE carrier aggregation of up to 32 component carriers for the DL and UL, including:
· Enhancements to DL control signalling for up to 32 component carriers including both self-scheduling and cross-carrier scheduling, if any [RAN1]
· Enhancements to UL control signalling for up to 32 component carriers [RAN1]
· Enhancements to support UCI feedback on PUCCH for up to 32 DL carriers
· Specify the necessary enhancements to UCI signalling formats to support UCI feedback for up to 32 DL carriers 
· Enhancements to support UCI feedback on PUSCH for up to 32 DL carriers

· Higher layer enhancements for a UE to aggregate up to 32 component carriers, if identified [RAN2]
3. Specify the necessary (if any) eNB and UE core requirements [RAN4]

·   No band specific RAN4 work is planned as part of this work item.




2. Discussion
2.1
Number of PUCCH on SCell
WID has already pointed out one additional PUCCH delivered over SCell. In our understanding, it is unclear whether or not it’s beneficial to have two or more PUCCHs on multiple SCells as we consider the higher complexity in the UE signalling structure and hardware aspects, and the real power restriction in uplink. 

Proposal 1: Only one PUCCH on SCell is supported together with PUCCH on PCell.
PUCCH on SCell has ever discussed in the previous RAN1#77 meeting, and then several agreements were made. One of the agreements is that PUCCH on SCell will not be configured as Dual Connectivity is already configured for a UE. RAN1 could re-open and modify this agreement, but at this moment, we cannot find any reason to change it. If allowed even in Dual Connectivity configured UE, the UE might have four PUCCHs, i.e. two PUCCHs per CG. 
2.2 DC based vs CA based approach

In [1], two approaches, i.e. DC based and CA based, have already introduced on PUCCH on SCell. Although in both cases the UE would have 2 PUCCH’s, many differences would exist. Accordingly, RAN2 needs firstly to discuss the difference. We have once introduced the differences in [2].  For example, compared to DC based, CA based approach would have the following differences:
1)
 
Only have 1 MAC entity in the UE

2)
 
Not need DSR on second PUCCH

3)

Might have different TAG configuration restrictions w.r.t. cells in TAG (e.g. Pcell and cell with second PUCCH in same TAG)
4)

Might not require support for DCI format 3/3A 
5)

FFS whether RLM would be required 
We would like to recommend that RAN2 lists up the differences, and study each important point.
Observation 1: 
Both approaches, DC based and CA based are substantially different to support PUCCH on SCell. Many configuration aspects will be different between both approaches (e.g. absence of MAC parameters, SCG-RLM configuration, bearer configuration (UL bearer split), …). 
2.2
New Level Cell Grouping 

If we would introduce PUCCH on SCell, we assume a new level cell grouping is required, i.e. a group linked to PUCCH on PCell and another group linked to PUCCH on SCell. The new level group would be independent to the current Time Advance Group (TAG) consisting of the cells sharing same Uplink Time Alignment. Also, according to the previous RAN1 agreement, i.e. PUCCH on two serving cells in CA is not supported within MeNB or SeNB, there would be configuration restrictions for the network which parts of this overall model can be configured at the same time. Figure 1 shows the two options i.e. “PUCCH on Scell” or DC.
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Fig 1
Network configuration options (restrictions from overall model)
In the legacy CA, the current maximum number of serving cells is 5. As UE is able to aggregate up to 32 CCs as in WID, the maximum number of serving cells would be also re-defined proportionately with the increased CCs. Also, in order to deliver the UL control signalling, each serving cell will be linked to one of two PUCCHs, i.e. a PUCCH on PCell and a PUCCH on SCell. Then, a question is how many serving cells can be linked to each PUCCH. 
For example, two options can be considered:
· Option 1: 2 groups with maximum number of 31 serving cells per group

· Option 2: 2 groups with maximum number of 16 serving cells per group
where the group means the group of serving cells linked to a same PUCCH. Each cell will belong to only one group. 
Observation 2: The maximum number of serving cells linked to PUCCH on SCell has to be discussed while considering to aggregate up to 32 CCs according to the WID.
3. Conclusion
It is proposed that
Proposal 1: Only one PUCCH on SCell is supported together with PUCCH on PCell.
Observation 1: 
Both approaches, DC based and CA based are substantially different to support PUCCH on SCell. Many configuration aspects will be different between both approaches (e.g. absence of MAC parameters, SCG-RLM configuration, bearer configuration (UL bearer split), …). 
Observation 2: The maximum number of serving cells linked to PUCCH on SCell has to be discussed while considering to aggregate up to 32 CCs according to the WID.
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