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1. Introduction
One of the working objects of the new approved WI [1] is as following:

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]..
In this paper we clarify our understanding of the motivation of this proposal. And based on the clarified motivation the concept and modelling of PUCCH cell group is introduced. At the end one way to group the PUCCH cells is proposed.
2. Clarification working scope
The words “Rel-12 CA configuration” means no more than 5 component carriers is configured. For 1st object cited in section 1, it means PUCCH on SCell will be configured only when no more than 5 CCs is configured. For 2nd object there is also one statement as following “For the second objective, the specified solutions shall efficiently support any number of component carriers up to 32 and the target of the solutions is only for the configurations that are not supported in Rel-12 CA”. It means the solution should target cases where more than 5 CCs are configured while the solution itself can be also applied to any number of CCs up to 32 CCs i.e. new solution can also be applied to Rel12 CA configuration. Please find the summary in the table 1:
	CA configuration
	PUCCH on SCell
	New PUCCH format

	Rel-12 CA configuration
	Rel 13 
	Rel13

	Rel-13 CA configuration*
	?
	Rel13


Table 1
* only including cases where more than 5 CCs are configured

It is our understanding that the case with question mark is not included within this Rel13 WI based on current working object.
Conclusion:  the solution to support PUCCH on SCell is only limited to Rel-12 CA configuration i.e. no more than 5CCs is configured in Rel13.
Except for the motivation explained in section 3 i.e. to do PUCCH load balance, we think another motivation is to increase uplink PUCCH capacity considering up to 32 CCs will be introduced in Rel13. So a future proof solution should be more preferred otherwise more complexity will be introduced when PUCCH on SCell is to be configured while more than 5 CCs are configured.
Proposal1: A future proof solution to support PUCCH on SCell should be more preferred.

3. Motivation

For CA scenario1/2/3/5, the PUCCH load balance between macro cells can be adjusted by semi-static configuration. Network can choose some of the UEs in overlapping to take one of the macro cells as PCell. When UE moves out of the overlapping are then handover will be triggered due to coverage reason i.e. no extra handover will be triggered due to PUCCH reconfiguration. 
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For CA scenario4, semi-static configuration doesn’t work so well.
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Figure 2, CA scenario 4

 In Figure 3, normally macro cell A is configured as PCell for UEs within macro cell A e.g. UE1 and UEs in small cell e.g. UE2 can use PUCCH of cell B i.e. take cell B as PCell. When UE1 moves into cell B, or UE2 moves back to cell A, PUCCH resource can’t be changed unless handover is done. 
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Figure3 (CA scenario 4)
In case there is PUCCH on SCell, then following scheme can be done:
1, PUCCH is setup when related SCell is added as component carrier, let’s call it as PUCCH-SCell
2, part of the PUCCH load can go through PUCCH-SCell
3, when UE moves from small cell B to small cell A, then SCell and its PUCCH resource can be de-configured.
The main benefit of such solution is to save two handovers when UE moves across one small cell!
Observation1: the main motivation or benefit of PUCCH on SCell is to save two handover procedures when UE moves across one small cell.

4. PUCCH cell group

The LS from the RAN1 [2] actually define some the basic profile of PUCCH cell group concept:
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Table 2
The agreement “PUCCH on two serving cells in CA is not supported within MeNB or SeNB” basically means DC configuration and PUCCH cell group configuration is exclusively configured i.e. when SeNB is configured only one PUCCH channel can be configured either on PCell or SPCell. To decouple this feature from DC configuration is reasonable in the sense that PUCCH on PSCell has already play the role.

Proposal2: PUCCH cell group and dual connectivity is exclusively configured in Rel13. 
The agreement “One SCell can only belong to one PUCCH cell group” makes it clear that any SCell could only belong to one PUCCH cell group. Here when one SCell belongs to one PUCCH cell group, any ACK/NACK or CSI for that SCell will be transmitted over the PUCCH in that PUCCH cell group. According to this RAN1 agreement here is the modelling of PUCCH on SCell:
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Figure 4
Another RAN1 agreement “No cross-carrier scheduling between cells in different PUCCH cell groups” means ACK/NACK on PHICH channel will be also limited within PUCCH cell group. Based on above analysis we can conclude:

Observation2: both downlink and uplink scheduling activity is independent between cells belong to different PUCCH cell groups.

One of the benefits of this modelling is the management of the PUCCH resource. According to current MAC specification, PUCCH resource of PCell will be released when following events occur:
1, the timeAlignmentTimer of the pTAG expires 
2, maximum number of schedule request reaches

In current specification when the timeAlignmentTimer of the pTAG expires, all other TAG will be considered as TAT timer expires too. The main reason is that serving cells in other TAG can’t work without PUCCH resource on PCell. Now according to observation3 if the serving cell in other TAG belongs to another PUCCH cell group actually such kind of link can be cut down. Same principle can be applied for 2nd cause of PUCCH release, if SR is also supported in 2nd PUCCH cell group. 
Proposal3: the management of PUCCH resource in different PUCCH cell groups is independent

Proposal4: the uplink synchronization state of PUCCH cell group is independent i.e. TAT timer of pTAG will not result in expiration of TAT timer of other TAG belonging to another PUCCH cell group and vice versa.
If serving cells belong to same TAG can belong to different PUCCH cell group, then proposal 4 will become bit complicated.
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Figure 5

In Figure 5, serving cell a, b, c is member of TAG X. Assuming serving cell a and cell b belong to PUCCH cell group1 while cell c belongs to PUCCH cell group2, then it is difficult to say TAG X is considered loss of uplink synchronization when TAT timer of pTAG expires because it belongs to both PUCCH cell groups. It will be worse if TAG X contains serving cell with PUCCH in PUCCH cell group2. The cleanest way is that all serving cell belonging to same TAG shall only belong to one PUCCH cell group.  

Proposal 5: all serving cell belonging to same TAG shall only belong to one PUCCH cell group.
If the TAT timer of the TAG including the serving cell with PUCCH in PUCCH cell group2 (it is called spTAG) expires, then other TAG in the same PUCCH cell group2 should be considered as TAT expires too due to same reason mentioned above. 
Proposal6: those TAG(s) other than spTAG should be considered TAT timer expiration if TAT timer of spTAG in PUCCH cell group2 expires
5. Conclusions
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Agreements:


If PUCCH on Scell for CA is supported,


PUCCH transmission on two serving cells in CA is realized by following methods:


On the PCell for SCells in PUCCH cell group 1


On one SCell configured to carry PUCCH for SCells in PUCCH cell group 2


One SCell can only belong to one PUCCH cell group


One of the two serving cells is PCell


PUCCH on Scell only for CA is not supported in Rel-12


PUCCH on two serving cells in CA is not supported within MeNB or SeNB


PUCCH on SCell with CA is realized by following methods:


No cross-carrier scheduling between cells in different PUCCH groups


FFS: How PUCCH power control will be supported


PUCCH on SCell can carry HARQ-ACK feedback and CSI


Ask RAN2 whether SR is necessary on SCell


Whether new terminologies PUCCH cell group 1 and 2 are introduced or not is up to RAN2


FFS: Meaning of simultaneous PUCCH/PUSCH transmission capability bit introduced in Rel-10 will be not changed
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