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1. Introduction
At the RAN1#80 meeting, RAN1 discussed PUCCH on SCell and reached the following agreements [1].

	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


	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


In parallel, the discussion on PUCCH on SCell was also done in RAN2#89. The conclusions are copied below for reference [2] since these RAN2 agreements are partly related to RAN1 discussion.

	Agreements
1
In accordance with RAN1 agreements there will be at most two PUCCHs (of which one is always on the PCell) for up to 5 CCs. 
FFS how many PUCCHs will be supported for more than 5 CCs. 
2
PUCCH SCells and the mapping of other SCells to those are configured by RRC
3
We aim to support all the scenarios listed in R2-150372 unless severe issues are identified. 
4
PUCCH groups shall not simultaneously comprise cells of MCG and SCG
(We don’t optimize for the combination of DC and PUCCH on SCell)
5
PUCCH SCell does not support RLM. The eNB is assumed to detect bad UL or DL channel conditions and to reconfigure the UE as needed. 
7
Activation/Deactivation should be supported for PUCCH SCell.
7a
While PUCCH SCell is deactivated, the other SCells belonging to that PUCCH SCell should not be activated. The eNB can manage the activation/deactivation status properly, i.e., no additional UE based mechanism is needed.
8
RAN2 assumes that the UE reports a type 2 PHR for all serving cells configured with PUCCH. The MAC CE format is FFS. 
8a
For PHR no new triggers are needed. 
9
PUCCH on SCell has no impact on Random Access (no CB RA on PUCCH SCell)

FFS whether SR is supported on PUCCH SCell
FFS whether the UE does not apply the SCell deactivation timer to a PUCCH SCell.
FFS: When PUCCH on an SCell is configured, the PUCCH SCell shall be initially deactivated and then explicitly activated by the eNB.


In this contribution, we discuss remaining issues on PUCCH on SCell.
2. Views on the remaining issues
2.1. Support of common search space on PUCCH SCell
In dual connectivity, it was specified that the UE configured with an SCG monitors common search space on the primary SCell (PSCell). The question here is whether the UE configured with PUCCH on SCell follows the same procedure. 
In the case of dual connectivity, since the tight interaction between the PCell and the PSCell is not available due to large backhaul delay, the common search space functions for SCG serving cell(s) need to be provided by the PSCell. However, in the case of carrier aggregation architecture, common search space functions can be provided to any SCell(s) by the PCell. At the RAN1#80 meeting, there was a discussion on whether to re-use dual connectivity mechanisms to minimize the spec impact or to introduce more efficient mechanisms fitting with carrier aggregation operation. We consider there is no reason to re-use dual connectivity mechanism for this aspect. 
Proposal 1:
· The UE configured with PUCCH on SCell does not monitor common search space on SCell carrying PUCCH.
2.2. Power control of PUCCH on SCell
Some issues need to be resolved on power control. First, three FFS points captured in the first set of RAN1 agreements are discussed below.
Pathloss estimate for PUCCH carried by a SCell in the case when the UE is configured with a single TAG or the PUCCH SCell is within pTAG in case of multiple TAGs configuration
We are fine to support the configurability between based on PCell and based on RSRP in the SCell carrying the PUCCH. Since such configurability is already available in carrier aggregation, applying this would not be harmful to the specification/implementation.
PHR configuration
It is natural to consider that the UE is configured to report PH of the SCell carrying PUCCH based on the PUCCH transmit power. This can easily be realized by configuring type 2 PH on the SCell carrying PUCCH. Similar PH reporting procedure has already been adopted for dual connectivity. However, unlike dual connectivity, the UE has single MAC entity and one eNB controls both PCell and SCell carrying PUCCH. Therefore, exact same procedure as in dual connectivity would not be necessary.
DCI format 3/3A
As described earlier, it is not meaningful to specify that the UE configured with PUCCH on SCell monitors common search space on the SCell. Therefore, if the power-control using DCI format 3/3A is required for PUCCH carried by a SCell, the potential way is to apply DCI format 3/3A in the common search space on the PCell for the power control of the PUCCH carried by the SCell. This can easily be realized by introducing new RRC signalling to indicate which PUCCH the DCI format 3/3A shall be applied to. However, since the TPC command for PUCCH carried by the SCell can be transmitted in the DL assignment for scheduling the corresponding PDSCH,  support of DCI format 3/3A for the PUCCH on SCell would not be essential.
Proposal 2:
· On power control of PUCCH on SCell,

· Pathloss estimate for PUCCH carried by a SCell when the UE is configured with a single TAG or the PUCCH carried by a SCell is within pTAG with multiple TAGs is based on RSRP either of PCell or of the SCell carrying the PUCCH.
· Type 2 PH on the SCell carrying the PUCCH is computed and reported.
· DCI format 3/3A is not essential to the PUCCH carried by a SCell.
Next, two FFS points captured in the second set of RAN1 agreements are discussed. 
Whether the PUCCH CG with PCell is prioritized over the PUCCH CG with SCell only when the same UCI type is collided between PUCCH CGs
We consider that it is reasonable to prioritize PUCCH CG with PCell. If not, potential approaches could be equal prioritization between different PUCCH CGs, prioritizing PUCCH CG with SCell only, or leaving the prioritization up to the UE implementation. However, we already agreed to apply the DC priority order of PRACH > HARQ-ACK = SR > CSI > PUSCH without UCI > SRS for the simultaneous transmission of different UCI types between PUCCH CGs. Mixing the DC-based priority order for different UCI types and a new order/rule for the same UCI type requires sufficient motivation. However, the benefit of introducing such a new power-limited handling for the PUCCH on SCell operation is not clear. 

Priority between periodic and aperiodic CSI
Equal priority would be straightforward if UCI on PUSCH is per-CG basis. If it is per-UE basis, it is natural to consider the UE behavior is the same as in CA; aperiodic CSI is prioritized and periodic CSI is dropped, no matter whether the UE is power-limited. The conclusion should be made after the conclusion of UCI on PUSCH is achieved.
Proposal 3:
· When the same UCI type collides between PUCCH CGs, PUCCH CG with PCell is prioritized over the PUCCH with SCell only.
· If UCI on PUSCH is per-UE basis,

· UE procedure specified for CA is applied; periodic CSI is dropped and aperiodic CSI is transmitted using PUSCH.
· If UCI on PUSCH is per-CG basis,

· UE procedure specified for DC is applied; periodic CSI and aperiodic CSI have the equal priority.

· Periodic CSI and aperiodic CSI are simultaneously transmitted between PUCCH CGs. If the UE is power-limited on this simultaneous transmission, power-scaling is performed with prioritizing CSI transmitted on PUCCH CG with PCell.

2.3. UCI multiplexing on PUSCH
There was extensive discussion on whether UCI multiplexing should be based on ‘per UE basis’ or ‘per PUCCH CG basis’. We consider that either multiplexing approach works well. In the following, potential spec impact is compared for the two options.
If the UCI multiplexing on PUSCH is per PUCCH CG basis, the UE procedure on UCI feedback becomes the same as in dual connectivity. The UCI is split between PUCCH CGs irrespective of whether there is PUSCH transmission on one or both of CGs. This implies that for PUCCH on SCell the UE is required to support and carry out simultaneous PUCCH-PUSCH transmission between PUCCH CGs. In case of simultaneous PUSCH-PUSCH transmission between PUCCH CGs, the UCI needs to be split between PUCCH CGs. These requirements are different from the existing carrier aggregation, but same as in dual connectivity.
If the UCI multiplexing on PUSCH is per UE basis, whether or not the UE procedure follows existing carrier aggregation mechanisms depends on the HARQ/scheduling timing between PUCCH CGs. If the HARQ/scheduling timing between PUCCH CGs is the same, the existing carrier aggregation mechanisms can be re-used. For example, if there is a PUSCH transmission in any of the CC, the UCI is multiplexed on the PUSCH, and PUCCH transmission on the PCell and SCell are not performed (unless simultaneous PUCCH-PUSCH transmission is configured). For this, UCI multiplexing rules on PUSCH defined for CA are just applied. In other words, the UE procedure specified for PUCCH on SCell in this WI basically applies only when there is no PUSCH transmission. 
If the UCI multiplexing on PUSCH is per UE basis, and if the HARQ/scheduling timings between PUCCH CGs are different, additional specification impact is foreseen. For example, there is a case where the first PUCCH CG (containing the PCell) follows FDD HARQ/scheduling timing, while the second PUCCH CG follows TDD HARQ/scheduling timing (see a simple example in Fig. 1). In this case, if the UE has a PUSCH transmission only on a CC belonging to the first PUCCH CG (FDD-CG), and if the PUSCH transmission takes place on a subframe where HARQ-ACK feedback on the second PUCCH CG (TDD-CG) is required, the PUSCH transmission on FDD-CG shall convey HARQ-ACK of multiple different subframes on TDD-CG. Therefore, the existing semi-static HARQ-ACK codebook size determination specified for FDD operation is no longer applicable. The HARQ-ACK codebook size needs to be determined either by semi-static information including DL-reference UL-DL configuration of the TDD-CG, or by using DAI. If it is determined by the DAI, for ensuring the number of HARQ-ACK bits multiplexed on PUSCH, UL DAI may need to be included in the UL grant scheduling FDD-CG cell.
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Fig. 1.  Example of FDD-CG + TDD-CG with 1CC on each.
Proposal 4:

· Whether UCI multiplexing on PUSCH is per UE basis or per PUCCH CG basis should be concluded considering the followings:
· If it is per PUCCH CG basis, the UCI on PUSCH becomes exactly same as in dual connectivity, and simultaneous PUCCH-PUSCH transmission is required between PUCCH CGs.
· If it is per UE basis, further investigation is necessary for the case when HARQ-ACK/scheduling timings between PUCCH CGs are different.
2.4. Cross-carrier scheduling between PUCCH CGs
Cross-carrier scheduling between PUCCH CGs requires some additional considerations. First of all, PUCCH cell for the scheduled cell needs to be determined. Furthermore, when the HARQ/scheduling timing between different PUCCH CGs is not the same, determination of HARQ/scheduling timing for cross-carrier scheduling and some related discussions would be required. As a example, a set of options for DL cross-carrier scheduling for the case described in Section 2.3 (i.e., FDD-CG + TDD-CG with 1CC on each) are given in the following table. These aspects should be discussed and concluded for combinations of PUCCH CGs having different HARQ/scheduling timing. Similar discussion is necessary also for UL cross-carrier scheduling.
Table 1. DL cross-carrier scheduling options for the case when TDD cell + FDD cell
	DL cross-carrier scheduling
	HARQ timing
	PUCCH cell for the scheduled cell
	Notes

	Scheduling cell: FDD cell
Scheduled cell: TDD cell

(FDD PCell)
	FDD timing
	PCell (FDD)
	· Same as Rel.12 TDD-FDD CA

· PUCCH on SCell is not used

	
	
	PUCCH SCell (TDD)
	· PUCCH on TDD cell is not available when TDD cell is DL/Sp subframe

	
	TDD timing
	PCell (FDD)
	· Whether/how to support PF1b channel selection
· How to determine HARQ-ACK codebook size

	
	
	PUCCH SCell (TDD)
	· Would be no issue

	Scheduling cell: TDD cell
Scheduled cell: FDD  cell

(TDD PCell)
	FDD timing
	PUCCH SCell (FDD)
	· Would be no issue

	
	
	PCell (TDD)
	· PUCCH is not available when TDD cell is DL/Sp subframe

	
	TDD timing
	PUCCH SCell (FDD)
	· Whther/how to support PF1b channel selection
· How to determine HARQ-ACK codebook size 

	
	
	PCell (TDD)
	· Same as Rel.12 TDD-FDD CA
· PUCCH on SCell is not used


Proposal 5:

· Further discussion is necessary if cross-carrier scheduling between cells in different PUCCH CGs is supported especially on the following aspects.
· PHICH/PUCCH cell for the scheduled cell

· HARQ/scheduling timing

· Potential other impact if the HARQ/scheduling timings for cross-carrier scheduling between different PUCCH CGs.

2.5. Scheduling request on PUCCH on SCell
There was a discussion whether to make the scheduling request (SR) configurable between PUCCH on PCell and PUCCH on SCell. Although we consider that the support of SR on PUCCH on SCell is not essential for resolving the PUCCH overloading issue based on our analysis on [3], whether it is supported or not could be determined based on the specification impact.
Proposal 6:

· Support of SR on PUCCH SCell should be concluded considering its specification impact.
· The benefit of offloading the SR to PUCCH SCell itself would be marginal.
3. Conclusion
In this contribution, we discussed the remaining issues on PUCCH on SCell and proposed the following.
Proposal 1:

· The UE configured with PUCCH on SCell does not monitor common search space on SCell carrying PUCCH.
Proposal 2:

· On power control of PUCCH on SCell,

· Pathloss estimate for PUCCH carried by a SCell when the UE is configured with a single TAG or the PUCCH carried by a SCell is within pTAG with multiple TAGs is based on RSRP either of PCell or of the SCell carrying the PUCCH.
· Type 2 PH on the SCell carrying the PUCCH is computed and reported.
· DCI format 3/3A is not applied to the PUCCH carried by a SCell unless strong need is identified.
Proposal 3:

· When the same UCI type collides between PUCCH CGs, PUCCH CG with PCell is prioritized over the PUCCH with SCell only.
· If UCI on PUSCH is per-UE basis,

· UE procedure specified for CA is applied; periodic CSI is dropped and aperiodic CSI is transmitted using PUSCH.
· If UCI on PUSCH is per-CG basis,

· UE procedure specified for DC is applied; periodic CSI and aperiodic CSI have the equal priority.

· Periodic CSI and aperiodic CSI are simultaneously transmitted between PUCCH CGs. If the UE is power-limited on this simultaneous transmission, power-scaling is performed with prioritizing CSI transmitted on PUCCH CG with PCell.
Proposal 4:

· Whether UCI multiplexing on PUSCH is per UE basis or per PUCCH CG basis should be concluded considering the followings:
· If it is per PUCCH CG basis, the UCI on PUSCH becomes exactly same as in dual connectivity, and simultaneous PUCCH-PUSCH transmission is required between PUCCH CGs.

· If it is per UE basis, further investigation is necessary for the case when HARQ-ACK/scheduling timings between PUCCH CGs are different.
Proposal 5:

· Further discussion is necessary if cross-carrier scheduling between cells in different PUCCH CGs is supported especially on the following aspects.

· PHICH/PUCCH cell for the scheduled cell

· HARQ/scheduling timing

· Potential other impact if the HARQ/scheduling timings for cross-carrier scheduling between different PUCCH CGs.

Proposal 6:

· Support of SR on PUCCH SCell should be concluded considering its specification impact.

· The benefit of offloading the SR to PUCCH SCell itself would be marginal.
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