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1 Introduction

In the previous RAN1 #80bis meeting, the remaining aspects of PUCCH on SCell for up to 5 CCs were discussed and the reached agreements were sent to RAN2 in [1]. The following points are included in the agreements:
· SR on PUCCH SCell can be supported
· UE does not monitor common search space on the SCell carrying PUCCH

· For the power limited case, PUCCH CG with PCell is prioritized for the same UCI type between different PUCCH CGs

· UCI multiplexing on PUSCH is per CG basis
· Aperiodic CSI triggering is per CG basis

For the configuration of DCI format 3/3A for PUCCH carried on SCell, there was the following working assumption while the configuration is remained FFS.

Working assumption:

· DCI format 3/3A for PUCCH carried on SCell is signalled by CSS on PCell
· FFS: Detailed configuration

Besides, for the priority rule about the aperiodic CSI and periodic CSI in the power limited case, two alternatives were provided in the previous meeting.

· Alt. 1: Same priority between aperiodic CSI in a PUCCH cell group and periodic CSI in the other PUCCH cell group

· Alt.2: Aperiodic CSI in a PUCCH cell group is prioritized over periodic CSI in the other PUCCH cell group

· FFS: Periodic CSI is transmitted or dropped
A WF [2] was discussed in the previous meeting. However, the conclusion is to remain this issue for further study.
Conclusion:

· Continue study until RAN1 #81 meeting to see how much specification impacts is needed to support Alt. 2
For the SR transmission, RAN2 also had some agreements listed below in the RAN2 #89bis meeting [3]: 

· Whether to configure D-SR only on PCell, only on the SCell with PUCCH, or on both PCell and the SCell with PUCCH is up to eNB implementation
· Have only one SR procedure regardless of whether D-SR is configured on multiple cells, i.e. one SR_COUNTER which is increased when D-SR is sent on either PCell or SCell and one sr-ProhibitTimer
In this contribution, the configuration of DCI format 3/3A for PUCCH carried on SCell, the priority between aperiodic CSI and periodic CSI in the power limited case and also simultaneous SR transmission on the PCell and PUCCH SCell would be discussed.
2 DCI format 3/3A for PUCCH carried on SCell 
The DCI format 3/3A scrambled by TPC-PUSCH-RNTI is used to indicate TPC commands for PUSCH. In addition to the DCI format 3/3A, the TPC command carried in the UL grant for the PUSCH transmission can also be used to schedule the corresponding PUSCH power. 

When one PUSCH retransmission is triggered by a NACK indication by PHICH and without PDCCH indicating the UL grant, there will be no available TPC command for this PUSCH retransmission and the TPC command would be assumed as zero. The PUSCH performance may be impacted. One possible solution for it is the UL grant with PDCCH other than the PHICH is used to schedule PUSCH retransmission despite always indicating UL data retransmission with PDCCH would be inefficient considering UL HARQ is synchronized and non-adaptive at most of times. Anyway, in the current CA specification, the PHICH triggered PUSCH retransmission on SCells is the same case and further enhancements may be not needed.
Observation 1: DCI format 3/3A scrambled by TPC-PUSCH-RNTI is not needed for the SCell PUSCH transmission.
The DCI format 3/3A scrambled by TPC-PUCCH-RNTI is used to indicate TPC commands for PUCCH. In addition to the DCI format 3/3A, the TPC command carried in the DL assignment for the PDSCH transmission can also be used to schedule the corresponding PUCCH power. 
For some cases there is no valid TPC command transmitted in the DL assignment. For example, if SPS transmission is operated on the SCell, the corresponding TPC command field in the DL assignment is invalid. However, as discussed in [4] the SPS need not be supported on the PUCCH SCell which results in the DCI format 3/3A need not to be configured for the SPS power adjustment. In addition, when the transmitted UCI includes only periodic CSI, there is also no TPC command for this PUCCH transmission. A possible solution is the UE can set the power control adjustment as zero for the PUCCH on SCell at this time and decide the transmission power with the TPC command received in the past. However, the PUCCH performance may be impacted.

Observation 2: If there is no DCI format 3/3A to indicate the TPC command for PUCCH on SCell, the performance of periodic CSI only transmission on PUCCH in the SCell may be impacted.
One possible solution to handle the performance impacts on the SCell PUCCH with periodic CSI only transmission is to transmit the DCI format 3/3A for the PUCCH through the CSS on PCell. To support this, it is obvious that specification efforts are needed to distinguish the TPC command carried in DCI format 3/3A from the PCell is for the PUCCH on PCell or for the PUCCH on SCell.
During the LTE Rel.10 carrier aggregation, cross-cc scheduling with DCI format 3/3A has been discussed [5]-[9]. The following two schemes were considered.

Scheme 1: include CIF in DCI 3/3A, while keep its size equal to DCI 0/1A 
It is addressed in [4] that “Embed CIF into a fixed position of DCI format 3/3A payload, while the whole DCI format 3/3A payload size is aligned to that of DCI format 0/1A in the common search space” could be used to support  DCI format 3/3A cross carrier scheduling. 
With this scheme1, although the UE blind decoding complexity could be not increased, the standardization efforts are needed to define the DCI format and corresponding detection actions. In addition, since the CIF value is UE-Specific in the CA configuration and the TPC commands carried in DCI format 3/3A relates to each UE respectively, each TPC command should be embedded with one CIF indication. Then the overhead of control channel would be largely increased. Another way is to embed a single CIF for one DCI format 3/3A which means the DCI format 3/3A for PCell and SCell should be individually grouped. As a result, the DCI format 3/3A transmission flexibility would be decreased. 

As a result, the scheme 1 would cause too much specification efforts and lead to the implementation complexity.
Scheme 2: higher layer configured 3/3A supporting multiple CCs
As discussed in [6], another scheme to support cross-cc scheduling with DCI format 3/3A could be configuring an additional tpc-Index parameter for SCell with PUCCH or configuring an additional TPC-PUCCH-RNTI for the SCell with PUCCH by higher layer. In this way, number of blind detection for DCI 3/3A could also be kept. 
With this scheme 2, the main standardization efforts would be the higher layer parameter configuration and the corresponding UE behaviour specification work about the PUCCH power control settings.
As a result, to support DCI format 3/3A for PUCCH carried on SCell transmitted by the CSS on PCell, additional specification work are needed in RAN1 and RAN2. The scheme with minimum standard impacts can be considered if DCI format 3/3A for PUCCH carried on SCell is transmitted on the CSS of PCell.
Observation 3: To support DCI format 3/3A for PUCCH carried on SCell transmitted by the CSS on the PCell, additional specification efforts are needed in RAN1 and RAN2.
Proposal 1: The scheme with minimum standard impacts can be considered if DCI format 3/3A for PUCCH carried on SCell is transmitted on the CSS of the PCell.
3 Priority between aperiodic and periodic CSI in the power limited case
In the power limited case, it is agreed that power scaling mechanism based on UCI type as in dual connectivity is used and PUCCH CG with PCell is prioritized for the same UCI type between different PUCCH CGs. One remaining issue is whether aperiodic CSI and periodic CSI have same priority. There are two alternatives.

· Alt. 1: Same priority between aperiodic CSI in a PUCCH cell group and periodic CSI in the other PUCCH cell group

· Alt.2: Aperiodic CSI in a PUCCH cell group is prioritized over periodic CSI in the other PUCCH cell group

· FFS: Periodic CSI is transmitted or dropped
If alt.1 is accepted, the priority rules for dual connectivity are reused.  As a result, no specification effort is expected.

If Alt.2 is accepted, additional specification efforts are needed to add the priority order between A-CSI and P-CSI into the UCI type order. With Al.2 the priority rule for power scaling would as follows.
· HARQ-ACK/SR > A-CSI > P-CSI > PUSCH without UCI > SRS, and 

· If a channel has more than one type of UCI, the prioritization across CG is based on the highest priority UCI type

· The same UCI type collides, PUCCH CG with PCell gets higher priority over another PUCCH CG
As a result, the priority order between A-CSI and the P-CSI should be standardized; UE behaviour is expected to be more complex. 
Observation 4: To support Alt.2, additional standard/specification works are needed and UE behaviour is expected to be more complex.

In the current CA configuration, if both periodic and aperiodic CSI reporting occurs in the same subframe, the UE shall only transmit the aperiodic CSI report in that subframe. It seems that the aperiodic CSI is prioritized than the periodic CSI. However, the main reason is that the information in the periodic CSI for the same CC could usually be included in the aperiodic CSI in the same subframe. As a result, the periodic CSI for the same CC is dropped. Obviously, it is not related to priority rule of power control.
 Since it is agreed in RAN1 80b meeting that aperiodic CSI triggering is per CG basis and UCI multiplexing on PUSCH is per CG basis, it is impossible that the aperiodic CSI in a PUCCH cell group could include the contents of periodic CSI in the other PUCCH cell group.As a result, the reason for dropped periodic CSI do not exist here.  

In dual connectivity, CSI mapping to PUCCH channel or PUSCH channel is operated independently within MCG and SCG. It is likely that periodic CSI and aperiodic CSI are to be transmitted simultaneously in different CGs when UE transmission power is limited. For this case, the priority order between them follows the rule that MCG has higher priority over SCG. Therefore the periodic CSI transmission to the MeNB owns higher priority than aperiodic CSI transmission to the SeNB when they are simultaneously transmitted in case UE transmission power is limited. This is reasonable for the periodic CSI report to MeNB may be used for the RRC connection related transmission and is more urgent than aperiodic CSI report to other SCells. 
For the support of PUCCH on SCell, the prioritization rule in the dual connectivity could be reused. That is because the aperiodic and periodic CSI that is to be simultaneously transmitted relates to two independent cell groups and it is reasonable that the CSI related to PUCCH CG with PCell should be ensured firstly to guarantee the RRC connection no matter it is aperiodic CSI and periodic CSI. The prioritization principle is as the dual connectivity. That is alternative 1, same priority between aperiodic CSI in a PUCCH cell group and periodic CSI in the other PUCCH cell group.
Proposal 2: Same priority between A-CSI in a PUCCH cell group and pCSI in the other PUCCH cell group should be supported.
4 Simultaneous SR transmission 
SR transmission on PUCCH SCell was agreed considering the requirement for PUCCH offloading from PCell to SCell. As was also agreed by RAN2 that it is up to eNB implementation for SR resource configuration on the PCell and PUCCH SCell, there may be two SR resources in the same subframe, one is configured on the PCell and the other one is configured on the PUCCH SCell, considering that probably independent periodicity and subframe offset would be configured for the SR resources on the PCell and PUCCH SCell. 
As was agreed by RAN2 for only one SR procedure regardless of whether the SR is configured on PCell and PUCCH SCell, it is acceptable for the eNB to at least receive one SR even if there are two SR resources on multiple cells in the same subframe. From this perspective, when there are two SR resources in the same subframe, dropping one of the SR may be performed. However, simultaneous SR transmissions on the PCell and PUCCH SCell could provide a diversity gain for eNB. Adding one SR bit in the HARQ-ACK codebook size on PUCCH format 3 or new PUCCH format(s) almost would not impact the HARQ-ACK performance. The power backoff anyway is needed if there are two PUCCHs carrying HARQ-ACK bits to be transmitted on Pcell and PUCCH Scell. However, if only one Cell has HARQ-ACK transmission and the other cell do not have HARQ-ACK transmission, simultaneous transmission of one PUCCH for HARQ-ACK and SR on one cell and the other PUCCH with SR only on the other cell would lead to unnecessary power backoff and power consumption. In this situation, it may be beneficial for the UE to transmit only one PUCCH with HARQ-ACK and SR. Moreover, if TBCC or TC is agreed for HARQ-ACK with larger payload size, the codebook size including HARQ-ACK and SR should be aligned between UE and eNB, in other words, eNB should know UE behaviour whether SR(s) are transmitted in each PUCCH when there are HARQ-ACK transmissions on Pcell and/or PUCCH Scell.
Proposal 3: UE behaviour whether SR is transmitted in each PUCCH should be specified when there are two SR PUCCH resources in the same subframe.
5 Conclusion

In this contribution, the remaining points about DCI format 3/3A configuration for PUCCH on SCell, the prioritization between aperiodic CSI and periodic CSI in the power limited case and also simultaneous SR transmission on the PCell and PUCCH SCell are discussed.  The following observations and proposals are provided:
Observation 1: DCI format 3/3A scrambled by TPC-PUSCH-RNTI is not needed for the SCell PUSCH transmission.
Observation 2: If there is no DCI format 3/3A to indicate the TPC command for PUCCH on SCell, the performance of periodic CSI only transmission on PUCCH in the SCell may be impacted.
Observation 3: To support DCI format 3/3A for PUCCH carried on SCell transmitted by the CSS on the PCell, additional specification efforts are needed in RAN1 and RAN2.
Proposal 1: The scheme with minimum standard impacts can be considered if DCI format 3/3A for PUCCH carried on SCell is transmitted on the CSS of the PCell.
Observation 4: To support Alt.2, additional standard/specification works are needed and UE behaviour is expected to be more complex.
Proposal 2: Same priority between A-CSI in a PUCCH cell group and pCSI in the other PUCCH cell group should be supported.
Proposal 3: UE behaviour whether SR is transmitted in each PUCCH should be specified when there are two SR PUCCH resources in the same subframe.
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