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1
Introduction
The two objectives of LTE Carrier Aggregation Enhancement beyond 5 Carriers [1] are shown in the below table:

	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.


In R12 RAN1 has gotten some agreements for two PUCCHs in LS R2-143021 shown in below table,
	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

· Send an LS to RAN2 asking

· ask RAN2 to analyse the complexity if RAN1 supports PUCCH on Scell in above approaches and provide feedback to RAN1 on whether to support PUCCH on Scell for CA in Rel-12

· whether SR is necessary on Scell if the PUCCH is sent on Scell in carrier aggregation

RAN1 ask RAN2 whether to consider introduction of one UE capability bit to indicate support for PUCCH on PCell and SCell in CA, separately from the indication of the support of dual connectivity


Therefore the contribution discusses what Scenarios are for multiple PUCCHs and how to define the terminology.
2
Discussion
2.1
 Scenarios for multiple PUCCHs
We categorize the multiple PUCCHs scenarios from point of view the relationship between TAG group, CQI/ACK/NACK group and PUCCH group. There are three scenarios for multiple PUCCHs  as below:
Scenario1: all PUCCHs in PTAG 

In this Scenario, ACK/NACK and CQI of SCell 1 and PCell are carried on PUCCH1, i.e. PUCCH cell group 1 comprises SCell 1 and PCell. ACK/NACK and CQI of SCell 2 and SCell 3 are carried on PUCCH2. All the cells belong to PTAG, i.e. PUCCH cell group 2 comprises SCell 2 and SCell 3.
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Scenario1: all PUCCHs in PTAG
Scenario2: PUCCHs in PTAG and STAG separately
In this Scenario, ACK/NACK and CQI of SCell 1 and PCell are carried on PUCCH1 i.e. PUCCH cell group 1 comprises SCell 1 and PCell, ACK/NACK and CQI of SCells are carried on PUCCH2. PCell and SCell 1 belong to PTAG, and  SCell2 and SCell 3 belong to STAG, i.e. PUCCH cell group 2 comprises Scell 2 and Scell 3.
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Scenario2: PUCCHs in PTAG and STAG separately
Scenario3: CQI and ACK/NACK of one cell are carried in different PUCCHs
In this Scenario, for instance ACK/NACK of both PCell and SCells is carried on PUCCH1; CQI of both PCell and SCells is carried on PUCCH2. All serving cells belong to PTAG.
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Scenario3: CQI and ACK of one cell are carried in different PUCCHs
2.2 
Working Assumption and Terminology 
In LTE Rel-10 to Rel-12 CA, PUCCH is only transmitted on the PCell. In CA scenario #4, most UEs would be configured with the PCell on the Macro layer to maintain the mobility performance. As the number of CA capable UEs and also the number of aggregated carriers increase, the number of PUCCHs and also the PUCCH payload size would increase accordingly. Therefore, accommodating all the PUCCH transmissions on the PCell would lead to large UL load on the PCell. As a result, PUCCH on SCell can be introduced in order to offload the PUCCH resource from the PCell. In Rel-12, RAN1 had made progress towards defining support for PUCCH on SCell for CA by reusing the scheme from dual connectivity (DC) [2], but this was not agreed in RAN2 due to limited time in Rel-12. However we still can analyze the impact based legacy CA and DC.

As we know, in Rel-12 DC have only two PUCCH, one is for MeNB, and another is for SeNB. The maximum number of PUCCHs would therefore be two in Rel-13 because Uplink limitation mainly comes from max power of the UE; more number of PUCCH can not provide more benefit for CA enhancement. It can be confirmed later by RAN1.
Proposal 1: The maximum number of PUCCHs should be two in R13 for CA enhancement.

In legacy CA, the UL carried PUCCH must be SIB 2 linked with PCell DL. In R13 at least one UL carried PUCCH is SIB2 linked with PCell DL and ACK/NACK and CQI of PCell should be transferred in this SIB2 link PUCCH.

Proposal 2: In R13 at least one UL carried PUCCH is SIB2 linked with Pcell DL and ACK/NACK and CQI of PCell should be transferred in this SIB2 linked PUCCH.

Different TAG characters will impact configuration of TA and path loss reference for this PUCCH and the maintenance of Uplink Time Alignment, the detailed discusseion can be found in [3]. In legacy CA, the multiple TAs has been supported for UE, i.e. multiple SCells of the UE can belong to same or different TAG. When multiple SCells are supported, it is helpful and flexible for the operator to deploy their network if two PUCCHs can belong to different TAGs. 
Proposal 3: Allow two PUCCHs to belong to different TAGs, i.e. both Scenario 1 and 2 are supported.
In Rel-12 DC, all CQI and ACK/NACK of cells in MeNB are associated to PUCCH on PCell, and all CQI and ACK/NACK of cells in SeNB are associated to PUCCH on PSCell. In R13 the CQI and ACK/NACK of one Cell should be configured only in one PUCCH, i.e. Scenario 3 in section 2.1 is not allowed in R13.

Proposal 4: In R13 the CQI and ACK/NACK of one Cell should be only configured in one PUCCH, i.e. Scenario 3 is not supported.

Based on the discussion above we define the below terminologies, it will help us simplify the discussion.  

Primary PUCCH Cell group: A group of serving cells including PCell whose CSI and ACK/NACK are associated with the PUCCH of the PCell.

Secondary PUCCH Cell group: A group of SCells whose CSI and ACK/NACK are associated with the PUCCH of one SCell.

PUCCH SCell: The SCell on which PUCCH is configured.
Proposal 5: Agree the terminologies:
Primary PUCCH Cell group: A group of serving cells including PCell whose CSI and ACK/NACK are associated with the PUCCH of the PCell.

Secondary PUCCH Cell group: A group of SCells whose CSI and ACK/NACK are associated with the PUCCH of one SCell.

PUCCH SCell: The SCell on which PUCCH is configured.
3
Proposal
In this paper, we discuss the scenarios and terminologies; it can be summarized as below”
Proposal 1: The maximum number of PUCCHs should be two in R13 for CA enhancement.
Proposal 2: In R13 at least one UL carried PUCCH is SIB2 linked with Pcell DL and ACK/NACK and CQI of PCell should be transferred in this SIB2 linked PUCCH.

Proposal 3: Allow two PUCCHs to belong to different TAGs, i.e. both Scenario 1 and 2 are supported.
Proposal 4: In R13 the CQI and ACK/NACK of one Cell should only be configured in one PUCCH, i.e. Scenario 3 is not supported.

Proposal 5: Agree the terminologies:
Primary PUCCH Cell group: A group of serving cells including PCell whose CSI and ACK/NACK are associated with the PUCCH of the PCell.

Secondary PUCCH Cell group: A group of SCells whose CSI and ACK/NACK are associated with the PUCCH of one SCell.

PUCCH SCell: The SCell on which PUCCH is configured.
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