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Discussion and Decision
1. Introduction
In RAN1#80, some progress was made for PUCCH on SCell for CA in Rel-13. In this contribution, we provide our views on additional issues related to PUCCH on SCell.   
2. Discussion
In RAN1#80, the following agreements were achieved:
· 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

· 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
· Conclusion:
· Note: More than one PUCCH on SCell should be discussed under A.I. 7.2.2.2 (>5 CCs)

· 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
Herein we share our views regarding some FFS items in additional to other open issues.

Cross-group scheduling

It is arguably that cross-group scheduling for dual-PUCCH in CA may be not necessary. The SCell carrying PUCCH is expected to be reliable in uplink. The corresponding downlink should be reasonably reliable as well since it provides necessary management for the PUCCH. On the other hand, it is noted that cross-carrier scheduling is designed to handle CCs under a single PUCCH. In other words, the design can be easily extended to the dual-PUCCH case without additional standardization efforts. It is also worth noting that DL and UL can be asymmetric from a UE perspective – a best UL to carry PUCCH may not be corresponding to a best DL to carry PDCCH/EPDCCH. As a result, it is preferable to support cross-group scheduling under dual-PUCCH in CA.

· Proposal 1: It is preferable to support cross-group scheduling under dual-PUCCH in CA.

PHR

The type 2 PHR should be applicable to the special SCell carrying PUCCH the same way it is applicable to PCell with PUCCH and PUSCH simultaneous transmission. Thus, we propose:

· Proposal 2: Type 2 PHR for a SCell carrying PUCCH is included in the PHR.
Common Search Space

There is no strict need for the UE to monitor common search space in the SCell carrying PUCCH. SPS is not expected to be supported on the SCell. There is no strong need to support the common search space on SCell simply to carry DCI 3/3A for group power control. Even if group power control is supported for SCells in the second PUCCH group, it is still possible to convey it via the common search space on the PCell. 

· Proposal 3: The UE is not required to monitor common search space on the SCell carrying PUCCH. DCI formats 3/3A are not supported on the SCell carrying PUCCH.

Simultaneous PUCCH/PUSCH Tx  

UE capability is kept optional, the same as in Rel-10/11. That means that the meaning of simultaneous PUCCH/PUSCH transmission capability bit introduced in Rel-10/11 is not be changed. Simultaneous PUCCH/PUSCH transmission remains an optional capability and a UE that supports PUCCH on SCell for CA may not support simultaneous PUCCH/PUSCH transmission. The simultaneous PUCCH and PUSCH transmission as a configuration parameter is set independently in the two PUCCH groups, presuming that the UE supports simultaneous PUCCH/PUSCH.
· Proposal 4:
Simultaneous PUCCH/PUSCH transmission capability is kept optional and a UE that supports PUCCH on SCell for CA may not support simultaneous PUCCH/PUSCH transmission.

More detailed discussion can be found in Section 2.1.

UCI mapping on PUSCH
For CA case, a more efficient UCI distribution can be achieved if the UCI transmission on PUSCH is kept common across both carrier groups, i.e. UCI on PUSCH is mapped as in Rel-10/11 on a single PUSCH including the control for all configured cells

· Allows that in some cases part of the UCI is transmitted on PUSCH of the other CG while if dual connectivity approach was used it would have been transmitted on PUCCH only (and possibly incurring more CSI dropping) 

· Simplifies the prioritization rules and provides more efficient power management in case of UE power limitation as there is only one PUSCH with UCI

· No need for two PUSCHs with UCI nor two PUCCHs when no simultaneous PUCCH/PUSCH is allowed on both CGs and there is PUSCH on only one CG.
Thus, we propose:

· Proposal 5:
UCI transmission on PUSCH is kept common across both carrier groups, i.e. UCI on PUSCH is mapped as in Rel-10/11 on a single PUSCH including the control for all configured cells.
Others
Features like separate PUCCH format configurations on two PUCCHs are useful and can be done the same way as in dual connectivity.

· Proposal 6: Support separate PUCCH format configuration on the two PUCCHs.
2.1 More Details of UCI Mapping

The mapping of the UCI of both CGs to a single PUSCH has to be coordinated with the simultaneous PUCCH/PUSCH configuration.
If the simultaneous PUCCH/PUSCH is not supported by a UE (and hence not supported on both CGs), it is not possible to have simultaneous PUCCH on one CG and PUSCH on another CG. In that case the UCI would be mapped on the corresponding PUCCHs in the absence of any PUSCH. UCI would be mapped on the appropriate (lowest CellID) PUSCH if at least one PUSCH is available (hence no PUCCH transmission). Figure 1 shows all possible the mapping cases: when there are PUSCHs on both CGs, on only one CG, and no PUSCH. It is assumed that the PUSCH on CG1 has a lower CellID. The A/N codebook size for mapping on PUSCH is based on the number of configured carriers across both CGs (total number of configured carriers).
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Figure 1: Simultaneous PUCCH/PUSCH not supported

If simultaneous PUCCH/PUSCH is supported by a UE as a capability and is also supported by configuration on PCell/pSCell in case PUSCH on which UCI is to be mapped is on one of them, or regardless of PUCCH/PUSCH configuration on PCell/pSCell in case PUSCH on which UCI is to be mapped is not on one of them, CSI is mapped on the appropriate PUSCH and A/N is mapped on the corresponding CG PUCCH (as shown in Figure 2). If there is no A/N for a CG, CSI is mapped on the corresponding CG PUCCH.
If simultaneous PUCCH/PUSCH is supported by a UE as a capability but within the carrier the simultaneous PUCCH/PUSCH is not configured on PCell or PSCell and there is a PUSCH on PCell/PSCell, then the UCI for MCG/SCG will be mapped on the appropriate PUSCH and the PUCCH on PCell/pSCell will not be transmitted (Figure 3). The A/N codebook size for mapping on PUSCH is based on the number of configured carriers on the CG for which PUCCH is not transmitted (disabled PUCCH/PUSCH simultaneous transmission for the carrier with PUCCH). If the simultaneous PUCCH/PUSCH is not configured on both PCell and PSCell and there is a PUSCH on PCell and PSCell, the UCI for MCG and SCG will be mapped on the appropriate PUSCH and the PUCCH on PCell and pSCell will not be transmitted. This has the same effect as if the UE was not supporting the simultaneous PUCCH/PUSCH transmission by capability (the first scenario in Figure 1). Note that Figure 2 is applicable in cases where PUSCH is on the carriers different that PCell/PSCell regardless of the PUCCH/PUSCH configuration per carrier.
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Figure 2: Simultaneous PUCCH/PUSCH supported
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Figure 3: Simultaneous PUCCH/PUSCH supported by a UE by capability, but not configured for one of the cells carrying PUCCH
3
Conclusion
Based on the discussion presented in the paper, to support dual PUCCH in CA we propose the following: 
· Proposal 1: It is preferable to support cross-group scheduling under dual-PUCCH in CA.

· Proposal 2: Type 2 PHR for a SCell carrying PUCCH is included in the PHR.

· Proposal 3: The UE is not required to monitor common search space on the SCell carrying PUCCH. DCI formats 3/3A are not supported on the SCell carrying PUCCH.

· Proposal 4:
Simultaneous PUCCH/PUSCH transmission capability is kept optional and a UE that supports PUCCH on SCell for CA may not support simultaneous PUCCH/PUSCH transmission.

· Proposal 5:
UCI transmission on PUSCH is kept common across both carrier groups, i.e. UCI on PUSCH is mapped as in Rel-10/11 on a single PUSCH including the control for all configured cells.
· Proposal 6: Support separate PUCCH format configuration on the two PUCCHs.
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