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1. Introduction
In RAN1 #80 meeting, support of PUCCH on SCell was discussed and agreements were made as following:
Agreements:

· For Rel.12 CA configurations, set the agreements for PUCCH on SCell achieved during the Rel.12 DC WI as the baseline

· PUCCH transmission on 2 serving cells is realized by the following methods:

· On the PCell for SCells in PUCCH cell group 1

· On one SCell configured by higher-layer signaling 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

· FFS: No cross-carrier scheduling between cells in different PUCCH cell groups

· PUCCH on SCell can carry HARQ-ACK and CSI
· PUCCH on SCell-only (i.e., no PUCCH on PCell) is not supported in Rel.13
· In addition, following details are agreed.

· For PUCCH on SCell, 

· RRC parameters for SCell PUCCH PC are independent from those of PCell PUCCH.

· TPC command for PUCCH on SCell is transmitted in DCI(s) on the SCell carrying the PUCCH.

· UE procedure on PUCCH transmission is independent between cell groups.

· Determination of DL HARQ-ACK timing

· PUCCH resource determination for HARQ-ACK and/or CSI

· Higher-layer configuration of simultaneous HARQ-ACK + CSI on PUCCH

· Higher-layer configuration of simultaneous HARQ-ACK + SRS in one subframe
· Continue discussion in RAN1 to resolve following FFS aspects.

· The need for UEs to monitor common search in the SCell carrying PUCCH
· Pathloss estimate for PUCCH carried by an SCell in the case when the UE is configured with a single TAG or PUCCH Scell is within pTAG in case of multiple TAGs configuration is:

· Alt.1: always based on the RSRP in the SCell carrying the PUCCH

· Alt.2: configurable either based on PCell or based on RSRP in the SCell carrying the PUCCH

· Alt.3: determined by RAN2 – ask RAN2 about the need/feasibility of this configurability

· PHR configuration

· Alt.1: Type 2 PHR for an SCell carrying PUCCH is included in the PHR

· Alt.2: Type 2 PHR for an SCell carrying PUCCH is not included in the PHR

· Application of DCI format 3/3A to the PUCCH on SCell
· SR on SCell
Basically, mechanisms from Dual Connectivity are mostly reused with some extension identified in the conclusion. In this contribution, we discuss the remaining issues and propose our views related.
2. Identified the remaining issues for PUCCH on SCell
Dual Connectivity is also used as starting point of our study. The changes can be done for completion of functionality of PUCCH on SCell, under CA scenario. Solutions for minimal standard impact should be chosen 

2.1. Cross-carrier scheduling between cells in different cell groups

No cross-carrier scheduling among different PUCCH cell groups is allowed in Dual Connectivity. However, in the RAN1 #80 meeting, this function left FFS for eCA case. To consider that, motivation for supporting cross-carrier scheduling between cells in different PUCCH cell groups have to be identified. One benefit is the scheduling flexibility. Such scheduling flexibility is needed to be proven by performance benefit. Further, we should consider the implication of inter-group scheduling and intra-group feedback. Considering if the MTA supported together, each cell group should be naturally belonging to different PUCCH group to others. Cross-carrier scheduling will put higher complexity on scheme like power control.  Thus, we prefer to have no cross-carrier scheduling between cells in different PUCCH groups.
2.2. Power scaling mechanism

There were agreements made during RAN1 # 80.
Agreements:

· On the UL power control for Rel-13 CA with PUCCH on one Scell, the followings are adopted
· In the power-limited case, power scaling is applied based on UCI type priority as in Rel-12 Dual connectivity, i.e., PRACH > HARQ-ACK = SR > CSI > PUSCH without UCI > SRS, with following exception and FFS
· Exception: minimum guaranteed power for each CG is not supported
· FFS: whether the CG with PCell is prioritized over the CG with SCell only, in case when same UCI type is collided between CGs
· FFS: whether aperiodic CSI and periodic CSI have same priority

There are two remaining issues needed to be addressed. For the CG prioritization, CG with PCell should be prioritized over the CG with SCell in case when same UCI type is collided between CGs, regardless of the channel type carrying the UCI. As for the CSI, aperiodic CSI has higher priority over periodic CSI since Rel-8, this should also be kept for eCA. Aperiodic CSI is triggered on needed-base. A smart eNB scheduler can handle all the CSI reports properly without too many dropping. Applying this prioritization have no other implication and would be desirable to kept.
2.3. PHR configuration
Two Alternatives of PHR reporting were agreed for selection:

· Alt.1: Type 2 PHR for an SCell carrying PUCCH is included in the PHR

· Alt.2: Type 2 PHR for an SCell carrying PUCCH is not included in the PHR
Type 2 PHR was introduced for proper transmission power control in uplink when simultaneous transmission of PUCCH and PUSCH was supported in Rel-10. And this can be configured per cell. For the second cell group, PUCCH need to be transmitted. Similar as Dual Connectivity, PUCCH on SCG is supported. Then, Type 2 PHR should also be included in the PHR for proper power control of the SCell carrying PUCCH.
2.4. CSS on SCell

When a UE is configured with DC, the UE should monitor the CSS on pSCell for PDCCH with RA-RNTI, C-RNTI, Temporary C-RNTI, TPC-PUCCH-RNTI, TPC-PUSCH-RNTI, and eIMTA-RNTI. In the current CA mechanism, CSS is not supported in SCell and PCell can serve the CSS to assist all SCells. PDCCH with RA-RNTI and eIMTA-RNTI can only be transmitted on PCell. And the TPC for PUCCH on SCell can be carrier by DL assignment. Thus, the motivation of support of CSS on SCell is not justified. If there is no CSS on SCell, transmission of DCI format 3/3A with PUCCH-TPC-RNTI on the SCell is not needed either. 
2.5. UCI transmission
There are two alternatives on how to transmit UCI on PUSCH if PUCCH on SCell is supported:

·  Alt1: Simultaneous PUCCH/PUSCH transmission remains an optional capability. A UE supporting PUCCH on SCell for CA should also support simultaneous PUCCH/PUSCH transmission 

· Alt2: Simultaneous PUCCH/PUSCH transmission remains an optional capability and a UE supporting PUCCH on SCell for CA may not support simultaneous PUCCH/PUSCH transmission 

Alt1 is more preferred. The existing scheme for UCI transmission can be reused with a CG. Alt2 would be better than that in Alt1 in terms of power-limited handling. However, it is questionable how much we should optimize the operation with SCell PUCCH in CA for the power-limited case. The transmit parameter of the UE is well known by the eNB in CA scenario. If the UE is already in a power-limited case, it would be better to not configure PUCCH on SCell for that UE. In this sense, Alt2 does not have advantages over Alt1. Alt2 may complicate the UCI multiplexing of one CG since it may depend on the presence of PUSCH. Figure 1 gives one example. In Figure 1(a), when there is no PUSCH in any CG, HARQ-ACK and CSI for CG1 and CG2 are transmitted on PUCCH of CG1 and CG2 respectively. And in Figure 1(b), if there is a PUSCH transmission on CG1, the CSI for CG2 should also be multiplexed on the PUSCH of CG1 according to Alt2. If Alt1 is adopted, the CSI for CG2 is transmitted on PUCCH of CG2 regardless of the presence of PUSCH in CG1. Note that if we consider the possible grant loss, Alt2 will require more blind detections in eNB side.
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Figure 1: UCI multiplexing on PUCCH/PUSCH
3. Conclusion 
In this contribution, the issues of supporting PUCCH on SCell were discussed. In summary, we propose:
Proposal 1: Cross-carrier scheduling between cells in different cell groups should not be supported
Proposal 2: CG with PCell is prioritized over the CG with only SCells, in case when same UCI type is collided between CGs.

Proposal 3: Aperiodic CSI is prioritized over periodic CSI.

Proposal 4: There is no need for UEs to monitor common search space in the SCell carrying PUCCH

· No DCI format 3/3A to the PUCCH on SCell either.

Proposal 5: Type 2 PHR for the SCell carrying PUCCH is reported.

Proposal 6: Simultaneous PUCCH/PUSCH transmission remains an optional capability, but a UE supporting PUCCH on SCell for CA should also support simultaneous PUCCH/PUSCH transmission.
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