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1 Introduction
In RAN WG1 Meeting #77, supporting PUCCH on SCell for CA was discussed. An LS was sent to RAN2 to ask RAN2 to analyse the complexity if RAN1 supports PUCCH on SCell, and provide feedback to RAN1 on whether to support PUCCH on SCell for CA in Rel-12.

Assuming PUCCH will be supported on SCell for CA in Rel-12, this contribution discusses the open issues related to this new feature.
2 Discussion

In RAN WG1 Meeting #77, the following agreements were made with regard to supporting PUCCH on SCell for CA. 
	· 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



2.1 UL Power control

Since supporting PUCCH on SCell for CA is similar to synchronized dual-connectivity operation, it is natural to reuse the power control mechanism defined for dual-connectivity. 
· PMeNB and PSeNB: PMeNB and PSeNB are UL power reserved towards each eNB. They can be re-interpreted as reserved UL power towards PUCCH cell group 1 and cell group 2. Similar to dual-connectivity, PMeNB and PSeNB need to be signalled to the UE for UL power allocation. In contrast to dual-connectivity, PMeNB and PSeNB info exchange between two eNBs do not apply in CA. 
· Prioritization of remaining power: the same priority rule that will be defined for dual-connectivity can be reused for PUCCH on PCell and PUCCH on pSCell.  
Proposal: 

· Suspend the discussion till the power control mechanism is completely defined for dual-connectivity. Reuse power control mechanism of dual-connectivity in supporting PUCCH on SCell.
· Similar to PMeNB and PSeNB, minimum reserved power is defined for CG1 and CG2, respectively. 
· Value of PMeNB and PSeNB are up to eNB implementation and can have default value of zero.
· Reuse priority rule of for dual-connectivity towards PUCCH on SCell.
2.2 UCI on PUCCH and/or PUSCH
For each PUCCH cell group, Uplink Control Information (UCI) includes HARQ-ACK, scheduling request (SR, if defined for SCell), channel state information (CSI). The CSI can be periodic or aperiodic.

Considering the many possible combinations of UCI types within a subframe, it is simpler if the same processing of dual-connectivity is reused in the CA scenario. That is, UCI of each PUCCH cell group is separately and mutually independently handled. PUCCH of group j only carries information related to cells within group j. UCI of all cells in PUCCH group 1 is aggregated and transmitted on PUCCH of PCell; UCI of all cells in PUCCH group 2 is aggregated and transmitted on PUCCH of the pSCell.

Similarly, when multiplexing UCI onto PUSCH, only UCI of cells in group j can be multiplexed to a PUSCH in group j.
Proposal: 

· UCI is carried on PUCCH and/or PUSCH of each cell group independently.
· Within each cell group, the same processing of UCI as in Rel-11 is applied.
2.3 Simultaneous PUCCH with PUSCH

For dual-connectivity, it has been agreed that simultaneous PUSCH/PUCCH transmission can be independently configured per CG. For PUCCH on SCell, how to define simultaneous PUSCH/PUCCH transmission on two cell groups is also being investigated.

Let the PUCCH cell group containing the primary cell be CG1, and let the PUCCH cell group containing a secondary cell carrying PUCCH be CG2. Denote the secondary cell in CG2 carrying PUCCH as pSCell. Denote the secondary cell in CG1, where there is PUSCH carrying UCI, as SCell 1.  Denote the secondary cell in CG2, other than pSCell, where there is PUSCH carrying UCI, as SCell 2. Table 1 lists the number of UL cells with UCI transmission under various scenarios.
As can be observed from Table 1, when simultaneousPUCCH-PUSCH is configured on both CG1 and CG2, there can be UL UCI transmission on a maximum of 4 cells. 
If simultaneousPUCCH-PUSCH is configured the same for CG1 and CG2 (i.e., one simultaneousPUCCH-PUSCH shared by CG1 and CG2), then the yellow-highlighted combinations in Table 1 do not exist. However, in terms of UE implementation complexity, the yellow-highlighted combinations are not as demanding as the combinations when simultaneousPUCCH-PUSCH is configured on both CG1 and CG2. There is no discernable benefit of forcing CG1 and CG2 to share the same simultaneousPUCCH-PUSCH configuration. Thus it is better to allow simultaneousPUCCH-PUSCH be dependently configured for CG1 and CG2, to gain CG configuration flexibility without imposing additional UE implementation complexity.
Proposal: 

· Similar to dual-connectivity, simultaneousPUCCH-PUSCH is configured for CG1 and CG2 independently.
Table 1. Number of cells with UL transmission.
	
	CG2
	PUCCH
	PUSCH

(if simultaneousPUCCH-PUSCH is NOT configured on CG2)
	{PUCCH+PUSCH} on pSCell

(if simultaneousPUCCH-PUSCH is configured on CG2)
	PUCCH on pSCell + PUSCH on SCell 2 (if simultaneousPUCCH-PUSCH is configured on CG2)

	CG1
	
	
	
	
	

	PUCCH
	2 cells
	2 cells
	2 cells
	3 cells

	PUSCH (if simultaneousPUCCH-PUSCH is NOT configured on CG1)
	2 cells 
	2 cells
	2 cells
	3 cells

	{PUCCH+PUSCH} on PCell (if simultaneousPUCCH-PUSCH is configured on CG1)
	2 cells
	2 cells
	2 cells
	3 cells

	PUCCH on PCell + PUSCH on SCell 1

(if simultaneousPUCCH-PUSCH is configured on CG1)
	3 cells
	3 cells
	3 cells
	4 cells


3 Conclusions

In this contribution, we discussed the open issues for supporting PUCCH on SCell.  Based on the discussion, we have the following proposals.
Proposal: 

· Suspend the discussion till the power control mechanism is completely defined for dual-connectivity. Reuse power control mechanism of dual-connectivity in supporting PUCCH on SCell.
· Similar to PMeNB and PSeNB, minimum reserved power is defined for CG1 and CG2, respectively. 
· Value of PMeNB and PSeNB are up to eNB implementation and can have default value of zero.
· Reuse priority rule of for dual-connectivity towards PUCCH on SCell.
· UCI is carried on PUCCH and/or PUSCH of each cell group independently.
· Within each cell group, the same processing of UCI as in Rel-11 is applied.
· Similar to dual-connectivity, simultaneousPUCCH-PUSCH is configured for CG1 and CG2 independently.
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