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1 Introduction

In the RAN #67 meeting, a new work item (WI) on LTE carrier aggregation (CA) enhancements beyond 5 carriers was updated [1]. One object of the WI is to define support for PUCCH on SCell for Rel-12 CA configuration. In the RAN 1 #80 meeting, the specification mechanisms to support PUCCH on SCell were discussed and a lot of agreements are agreed while the following aspects are FFS and to be discussed.
· 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:

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

· 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
· 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
· 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 this contribution, the remaining issues to support PUCCH on SCell for Rel.12 CA configurations will be discussed.  
2 Remaining issues to support PUCCH on SCell 
Cross-carrier scheduling
When RAN1 discussed extending the PUCCH transmission on Pcell and PSCell mechanism in dual connectivity to carrier aggregation in Rel.12, it was agreed that “no cross-carrier scheduling between cells in different PUCCH groups” and this agreement was included in the LS [2] sent to RAN2. In the next paragraph, this point is further analyzed and it is proposed that the agreement in Rel.12 should still be valid in Rel.13.
In the last meeting it was agreed that the PUCCH can be transmitted on 2 serving cells with Rel.12 CA configurations and the two cells for PUCCH transmission belongs to two independent PUCCH cell group. Also it was agreed that PUCCH resource determination should be independent between PUCCH cell groups. If cross-carrier scheduling is configured between cells in different PUCCH cell groups, additional PUCCH resource reservation mechanism may be needed based on the current CA mechanism. For example, if the SCell with corresponding UL for PUCCH transmission is cross-carrier scheduled by the PCell, the PUCCH resource on the SCell cannot be reserved implicitly by the corresponding DCI transmission resources on the PCell because the PUCCH resources may collided with the resources reserved for the UEs being scheduled on the SCell. 
Therefore, the agreement of no cross-carrier scheduling between cells in different PUCCH cell groups in Rel.12 should be confirmed.
Proposal 1: No cross-carrier scheduling between cells in different PUCCH cell groups.
Power scaling mechanisms
In the power limited case, the power scaling mechanism based on UCI type as in dual connectivity is agreed except that it is still to be determined: 

· whether the CG with Pcell is prioritized over the CG with SCell only in case the same UCI type is collided between CGs 
· whether aperiodic CSI and periodic CSI have same priority
In dual connectivity, MCG gets higher priority over SCG when the same UCI type collides. That is because the RRC (re)configuration between network and UE reliably is achieved by the PCell in MCG. To grantee the RRC (re)configuration message reliability, the corresponding UCI transmission to MeNB should be prioritized than to the SeNB. For the CA configuration case, it is also the PCell that is used for RRC connection (re)establishment. Therefore, the CG with Pcell should be prioritized over the CG with SCell only in the CA scenarios. 
Proposal 2: The CG with Pcell should be prioritized over the CG with SCell only, in case when same UCI type is collided between CGs.
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. Therefore there is no need of comparing the priority between periodic CSI and aperiodic CSI. 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.
When two PUCCH cell groups are configured in carrier aggregation, it is still not always true that aperiodic CSI in one CG should have higher priority than the periodic CSI in another CG. The UCI transmission related to PCell should be ensured firstly to guarantee the RRC connection between network and UE. Then it is still reasonable to keep the same priority between aperiodic CSI and periodic CSI in different CGs from the UCI type point of view. 
Proposal 3: Aperiodic CSI and periodic CSI have same priority in the power limited cases from the UCI type point of view.
Pathloss estimate for PUCCH carried by an SCell
In carrier aggregation, if a SCell belongs to pTAG, either the downlink of the PCell or the SIB-2 linked downlink SCell with this uplink SCell can be used as the reference cell for determining pathloss estimation for this uplink SCell. The selected option is configured by higher layer parameter. 
For the SCell belonging to pTAG and configured with PUCCH transmission, there are 3 alternatives to be further discussed to determine the corresponding pathloss estimation reference cell.
· 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

Alt.2 is more flexible than Alt.1 since it has more options for the pathloss estimation reference cell. Besides, the Alt.2 which the pathloss estimation reference cell for PUCCH transmission on an uplink SCell is configurable either based on PCell or based on the SIB-2 linked downlink SCell has been supported in the current carrier aggregation specification. There should be no difference whether the estimation is used for PUSCH transmission or for PUCCH transmission on this SCell. Therefore, it is preferred to support Alt.2 considering the specification impacts and flexibility or to ask RAN2 about the preference as suggest in Alt.3.
Proposal 4: 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 configurable either based on PCell or based on RSRP in the SCell carrying the PUCCH.
DCI format 3/3A to the PDCCH common search monitoring
The PDCCH with TPC-PUSCH-RNTI with DCI format3/3A is used to indicate TPC commands for PUSCH. If DCI format 3/3A with TPC-PUSCH-RNTI is not transmitted, the TPC command carried in the UL grant for the PUSCH transmission can be used to schedule the corresponding PUSCH power. However, 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. As a result, UL grant with PDCCH is needed to schedule PUSCH retransmission if there is no DCI format 3/3A to indicate the TPC command for PUSCH. Nevertheless, always indicating UL data retransmission with PDCCH would be inefficient considering UL HARQ is synchronized and non-adaptive at most of times.
Observation 1: UL grant with PDCCH is needed to schedule PUSCH retransmission if there is no DCI format 3/3A to indicate the TPC command for PUSCH.
The PDCCH with TPC-PUCCH-RNTI with DCI format3/3A is used to indicate TPC commands for PUCCH. If DCI format 3/3A with TPC-PUCCH-RNTI is not transmitted, the TPC command carried in the DL assignment for the PDSCH transmission can be used to schedule the corresponding PUCCH power. However, 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 and DCI format 3/3A to indicate the TPC command for PUCCH transmission corresponding to the SPS transmission may be needed. Besides, 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 and whether it is acceptable is to be determined.
Observation 2: If there is no DCI format 3/3A to indicate the TPC command for PUCCH on SCell, the performance of possible SPS operation supporting on SCell and periodic CSI only transmission with PUCCH on SCell may be impacted.
As a result, DCI format 3/3A to indicate the TPC command for PUCCH transmission on SCell may be needed if SPS transmission is operated on the SCell or only periodic CSI transmission is transmitted on the PUCCH on the SCell.
Proposal 5: DCI format 3/3A to indicate the TPC command for PUCCH transmission on SCell may be needed if SPS transmission is operated on the SCell or only periodic CSI transmission is transmitted on the PUCCH on the SCell.
The PDCCH with SI-RNTI, P-RNTI, RA-RNTI, C-RNTI, Temporary C-RNTI, TPC-PUCCH-RNTI, TPC-PUSCH-RNTI, and eIMTA-RNTI can be transmitted through common search space (CSS) of a cell. In carrier aggregation, only one PDCCH with P-RNTI, RA-RNTI, C-RNTI, Temporary C-RNTI, and eIMTA-RNTI is needed at one moment and it can be transmitted through the CSS of the PCell. As for the PDCCH with SI-RNTI, it is not needed to be transmitted through the CSS in the SCell carrying PUCCH since the system information of a SCell can be transmitted by UE dedicated signaling as in the current CA specification. Therefore, the only possible requirement for the UE to monitor the common search space in the SCell carrying PUCCH is to detect the power control command for the PUCCH on SCell which is carried by DCI format3/3A.  
As a result, the need for UEs to monitor common search in the SCell carrying PUCCH is to be determined with the decision whether DCI format3/3A is to be transmitted on it.
Proposal 6: The need for UEs to monitor common search in the SCell carrying PUCCH is to be determined with the decision whether DCI format3/3A is to be transmitted on it.
PHR report
Power headroom report (PHR) indicates how much transmission power left for a UE to use in addition to the power being used by current transmission. There are two types of PHR report in the current specification: type1 PHR and type2 PHR. Type1 PHR is calculated by the maximal UE transmission power minus the PUSCH transmission power. Type2 PHR is calculated by the maximal UE transmission power minus the transmission power of PUSCH and PUCCH. 
Before Rel.10, since the PUCCH and PUSCH cannot be simultaneously transmitted, only type 1 PHR was used. When carrier aggregation introduced, it is allowed to configure a UE to transmit PUSCH and PUCCH simultaneously if the UE has the capability and type2 is included in the PHR report. Since the PUCCH is only transmitted on the PCell in the current carrier aggregation scenarios, type2 PHR report is only included in the PCell when the simultaneous PUCCH and PUSCH transmission is configured.
In dual connectivity, type2 PHR is further introduced to the SpCell since PUCCH can be transmitted through the SpCell other than the PCell. When PUCCH is transmitted through SCell for carrier aggregation configuration, simultaneous PUCCH and PUSCH transmission is also possible on this SCell. To indicate the left transmission power after the PUCCH and PUSCH is transmitted, Type 2 PHR for the SCell carrying PUCCH should be included in the PHR like it was introduced for the SpCell in dual connectivity.
Proposal 7: Type 2 PHR for the SCell carrying PUCCH should be included in the PHR.
SR transmission
In the LS [2] to RAN2 about the agreements for support of PUCCH on SCell in CA, it was agreed to ask RAN2 whether SR is necessary on SCell.
Since the SR transmission is only to indicate the eNB that there are UL data transmission requirements with positive or negative options. The SR transmission through PCell can achieve this purpose. Therefore, SR transmission on SCell is not needed or further decision depends on the RAN2 discussion.
Proposal 8: SR transmission on SCell is not needed or further decision depends on the RAN2 discussion.
Simultaneous PUCCH/PUSCH transmission capability

In dual connectivity, “simultaneousPUCCH-PUSCH-r10” is applicable within a CG for UE with DC capability while simultaneously transmitting PUCCHs in different CGs or transmitting PUCCH and PUSCH in different CGs is regarded as default capability as long as the UE supports dual connectivity.
As for the PUCCH on SCell for carrier aggregation, it is agreed in the last meeting that PUCCH resource determination for HARQ-ACK and/or CSI is independent between cell groups. However, if the UE cannot support the simultaneous PUCCH and PUSCH transmission between two PUCCH cell groups, in some cases the UCI feedback from one PUCCH cell group may have to be piggybacked into one PUSCH in another PUCCH cell group. Then the UCI mapping rules could not be independent between the two cell groups and additional specification work at least the UCI mapping rules are needed. On the other hand, if simultaneously transmitting PUCCH in one PUCCH cell group and transmitting PUSCH in another PUCCH cell group is supported conditioned on the support of PUCCH on SCell, UCI transmission mechanisms of dual connectivity can be fully reused and should be proposed in Rel-13. 

As a result, simultaneously transmitting PUCCH in one PUCCH cell group and transmitting PUSCH in another PUCCH cell group has to be supported conditioned on the support of PUCCH on SCell for CA in Rel-13.
Proposal 9: Simultaneously transmitting PUCCH in one PUCCH cell group and transmitting PUSCH in another PUCCH cell group has to be supported conditioned on the support of PUCCH on SCell for CA in Rel-13.
3 Conclusion

In this contribution, the FFS aspects for the support of PUCCH on SCell for Rel.12 CA configurations in the last meeting are discussed. The following proposals are provided:
Proposal 1: No cross-carrier scheduling between cells in different PUCCH cell groups.

Proposal 2: The CG with Pcell should be prioritized over the CG with SCell only, in case when same UCI type is collided between CGs.
Proposal 3: Aperiodic CSI and periodic CSI have same priority in the power limited cases from the UCI type point of view.
Proposal 4: 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 configurable either based on PCell or based on RSRP in the SCell carrying the PUCCH.
Proposal 5: DCI format 3/3A to indicate the TPC command for PUCCH transmission on SCell may be needed if SPS transmission is operated on the SCell or only periodic CSI transmission is transmitted on the PUCCH on the SCell.
Proposal 6: The need for UEs to monitor common search in the SCell carrying PUCCH is to be determined with the decision whether DCI format3/3A is to be transmitted on it.
Proposal 7: Type 2 PHR for the SCell carrying PUCCH should be included in the PHR.
Proposal 8: SR transmission on SCell is not needed or further decision depends on the RAN2 discussion.
Proposal 9: Simultaneously transmitting PUCCH in one PUCCH cell group and transmitting PUSCH in another PUCCH cell group has to be supported conditioned on the support of PUCCH on SCell for CA in Rel-13.
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