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1. Introduction
As a solution for SCE, inter-eNB CA is being investigated. Then, the details of C/U-plane are being discussed. In the agreed UP architecture comparison [1], it is implied that PUCCH on SCell is needed to realize inter-eNB CA. In this contribution, it will be addressed how to design PUCCH on SCell.
2. Discussion
2.1. PUCCH for inter-eNB CA
This section will address the issue on the number of CCs that should support PUCCH in inter-eNB CA. In the previous meeting, the framework for inter-eNB CA was discussed [2], and followings were agreed:
	· The maximum total number of serving cells per UE is 5 as for carrier aggregation.
· Carrier aggregation is supported in the MeNB and in the SeNB, i.e., the MeNB and the SeNB may have multiple serving cells for a UE.
· In Dual Connectivity a UE is connected to one MeNB and one SeNB.


With regard to the inter-eNB CA, since the motivation to support SCell PUCCH is to transmit UCI toward the corresponding eNB (not to be affected by the Xn backhaul latency), one CC per eNB seems sufficient at least, i.e., PCell in MeNB and one of the serving cell (SCell) in SeNB.
Observation1: One CC supporting PUCCH per eNB is sufficient at least to realize inter-eNB CA. 
2.2. Utilising “PUCCH on SCell” to intra-eNB CA
This section will discuss the utilization of “PUCCH on SCell” into intra-eNB CA. The paper in [3], proposed to support PUCCH on SCell for the purpose to offload PUCCH load from macro cell to small cell, but was not agreed yet. We firstly would like to emphasize the reason why PUCCH on SCell is so important even in intra-eNB CA. The main scenario is CA scenario#4 where macro-cell is kept as PCell and small-cell is used as SCell where it is assumed that most of UCI feedback will be sent to PCell. In this kind of deployment, PUCCH load in macro-cell will be severely heavy, especially when the larger number of small cell are deployed and/or when the larger number of CCs are supported [3]. An example is shown in [3] and excerpted in the Annex section in this paper. If 10 small cells are deployed overlapped with a macro cell, the number of PUCCH RBs are doubled resulting in 40% over head in 10 MHz bandwidth (see Annex). Although handover (PCell change) solution may potentially resolve this issue, it may cause mobility robustness issue as identified in SCE SI (no difference between CA scenario#4 and SCE scenario#2). As discussed in the previous subsection, to realize inter-eNB CA, PUCCH on SCell will anyway be needed. So, in order to offload PUCCH load while keeping the macro cell as PCell, enabling PUCCH on SCell will be a straight forward solution, because the same mechanism can be utilized without the additional specification effort. Therefore, we should design PUCCH on SCell so that it could be used generally in UL CA.
Observation2:
PUCCH on SCell for intra-eNB CA can be supported without the additional specification effort.
Proposal1:
Confirm to design PUCCH on SCell so that it can be configured for intra-/inter-eNB CA
2.3. On how many CCs, PUCCH should be supported?
This sub-section will discuss the number of CCs that should support PUCCH. Let us assume a deployment of MeNB (one macro-cell+one small-cell) + SeNB (small cell) as shown in fig1.
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Fig1. 3CC inter-eNB CA deployment example
In this case, each CC should be configured for PUCCH for each reason below: 

· PCell transmits PUCCH for UL monitoring in MeNB,
· SCell in MeNB transmits PUCCH in purpose of PUCCH offloading 
· SCell in SeNB transmits PUCCH to feedback UCI toward SeNB.
Moreover, to have more flexible deployment and PUCCH offloading, it is preferable that UE is capable to transmit PUCCH on every UL CC.
Proposal 2:
An UL CA capable UE should be able to transmit PUCCH on every UL CCs.
Proposal 3:
The number of PUCCHs that can be configured depend on the UL CA capability of the UE.

Proposal 4:
The eNB should be able to configure PUCCH on any UL CCs for the UE up to the maximum number of the UL CA capability.
On the other hand, since the simultaneous transmission of PUCCHs is not discussed yet, it is not clear whether such capability is feasible. So, we also propose to send an LS to RAN4 to ask the feasibility analysis on the simultaneous PUCCH transmission (e.g., power limitation).
Proposal5: Confirm to send an LS to RAN4 to ask the feasibility analysis on the simultaneous PUCCH transmission.
3. Summary and proposal
In this contribution, it was addressed how to design PUCCH for inter-eNB CA. Then, followings are observed and proposed:
Observation1: One CC supporting PUCCH per eNB is sufficient at least to realize inter-eNB CA.
Observation2: PUCCH on SCell for intra-eNB CA can be supported without the additional specification effort.

Proposal1: Confirm to design PUCCH on SCell so that it can be configured for intra-/inter-eNB CA
Proposal 2:
The UL CA capable UE should be able to transmit PUCCH on every UL CCs.

Proposal 3: The number of PUCCHs that can be configured depend on the UL CA capability of the UE.

Proposal 4:
The eNB should be able to configure PUCCH on any UL CCs for the UE up to the maximum number of the UL CA capability.
Proposal5: Confirm to send an LS to RAN4 to ask the feasibility analysis on the simultaneous PUCCH transmission.
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5. Annex

PUCCH overhead analysis indicated in [3] and its assumption are shown below.
Table 1
PUCCH overhead due to the number of increased small cells

	#
	Number of small cells (SCells)
	Number of PUCCH RBs
	Number of RBs

	
	
	
	CQI
	SR
	A/N

	Legacy LTE cell deployment

(630 non DRX UE / sector)
	0
	10 (20 % overhead in 10 MHz bandwidth)
	5.3
	1.8
	2.3

	CA Scenario#4 cell deployment

(630 non DRX UE/ macro cell sector)
	10
	20 (40 % overhead in 10 MHz bandwidth)
	10.5
	1.8
	6.7


Table 2
Assumptions for PUCCH overhead analysis 

	System bandwidth
	10 MHz

	Number of non-DRX UEs
	630 UEs (All UEs are configured with CA)

	HARQ ACK/NACK
	PUCCH format 1b with channel selection

	ACK/NACK multiplexing
	6 cyclic shifts x 3 orthogonal sequences = 18

	Number of scheduled UEs in a TTI on SCell
	4 (A/N resource for CA is derived as follows: PCell resource + number of small cells x (2x4)/18)

	CQI multiplexing
	6 cyclic shifts

	CQI/SR period
	20 ms

	CFI
	3
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