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1 Introduction
During the RAN1#80 meeting, ways to support PUCCH on SCell were discussed and a number of agreements were made. This contribution provides our views on the remaining issues of PUCCH on SCell.  
2. Discussion 
2.1 Common Search Space (CSS) 
A UE configured with Dual Connectivity (DC) is required to monitor the CSS on the pSCell for PDCCH with CRC scrambled with RA-RNTI, C-RNTI, Temporary C-RNTI, TPC-PUCCH-RNTI, TPC-PUSCH-RNTI and eIMTA-RNTI. The motivation for this requirement is to support contention-based random access functionality, the eIMTA feature and VoIP traffic in the SeNB. However, this also comes at the cost of extra blind decoding attempts. For CA, there is less incentive to support those functions due to the single eNB property and, thus, there is no sufficient motivation to introduce CSS on PUCCH SCell in CA. Our preference is therefore to reuse the Rel-10 PDCCH decoding functionality to avoid additional UE complexity coming from monitoring CSS on PUCCH SCell. 

Proposal 1: UE is not required to monitor CSS on the PUCCH SCell. 
2.2 Power control for PUCCH on SCell
The power control aspects for PUCCH on SCell were discussed in the last meeting and the following agreements were reached: 
	· 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.


The first issue with regard to power control is how to determine the pathloss reference for PUCCH SCell when the UE is configured with a single TAG or PUCCH SCell is within pTAG in case of multiple TAGs configuration. We believe the Rel-10 mechnism can be directly reused in such case and it can be configured by higher layers to be either PCell or SIB2-linked DL.
Proposal 2:  The pathloss estimate for PUCCH SCell is based on the RSRP in the reference cell configured by higher layers.
In addition, similar to the Rel-12 Dual Connectivity case, if simultaneous PUCCH/PUSCH is configured in the CG containing that PUCCH SCell, it seems natural that Type 2 PHR should be extended to cover the PUCCH SCell in order to assist the scheduler in PUSCH scheduling. 

Proposal 3: Introduce Type 2 PHR for the PUCCH SCell if simultaneous PUCCH/PUSCH is configured in the CG containing that PUCCH CG.

It was agreed in RAN1#80 that power scaling in case of power limitation is applied based on the UCI type priority as in Rel-12 Dual Connectivity, i.e., PRACH>HARQ-ACK = SR>CSI>PUSCH without UCI >SRS. Two following issues remain open and need to be further discussed:
	· FFS: Whether the CG with PCell is prioritized over the CG with SCell only, when the same UCI type collides between CGs
· FFS: Whether aperiodic CSI and periodic CSI have the same priority


It is our preference that the CG containing the PCell gets higher priority over the CG containing the PUCCH SCell when the same UCI type collides in CA, e.g., HARQ-ACK/SR on PUSCH in PCell CG + HARQ-ACK on PUCCH in PUCCH SCell CG. The main reason for this preference is that PCell is reliable and essential for maintaintaining the RRC connection with eNB.
In Rel-10 CA, A-CSI is always prioritized over P-CSI in the same subframe regardless of power limitation. The reason for this rule is that A-CSI is triggered by eNB and typically associated with a set of CCs eNB is about to perform DL scheduling. In addition, A-CSI is larger and more detailed than its periodic counterpart due to transmission on PUSCH. More specifically, given that triggering of A-CSI transmission is under control of the eNB on a per-need basis, it is natural to give A-CSI higher priority over P-CSI once it is triggered. We believe the reasons listed above are still valid for Rel-13 CA with dual PUCCH transmissions. 
Proposal 4: If the UL information type with highest priority is the same for the two CGs, transmission in the PCell CG is prioritized.
Proposal 5: Aperiodic CSI is prioritized over periodic CSI in case of power limitation. 
2.3 SR on PUCCH SCell 

The main motivation to introduce PUCCH on SCell is to ease the uplink control signalling burden on PCell due to the increased number of DL CCs. Supporting D-SR on PUCCH SCell is feasible as a way to achieve better PUCCH distribution among the serving cells. Additionally, we do not see a strong need to configure D-SR on both PCell and PUCCH SCell considering the fact that the number of CCs itself does not have an effect on the number of SR and all radio bears are served within a single eNB/MAC entity in CA. 

Proposal 6: SR shall be transmitted in a single serving cell, i.e., either on the PCell or on a PUCCH SCell, which is configured by higher layers signalling.
2.4 UCI transmission

Assuming a UE is configured with simutaneous PUCCH/PUSCH transmission in at least one of two CGs, two options exist [1]: Either follow the Rel-10/11 CA solution or follow the Rel-12 DC solution. Those two solutions differ in terms of UCI transmission on PUSCH. In the CA solution, cross-CG UCI mapping on a PUSCH (i.e., UCI of one CG can be transmitted on a PUSCH of the other CG as illustrated in Case 2 of Table 1) is allowed. In the DC solution, UCI of the two CGs are always separately transmitted. The cross-CG UCI mapping function is considered to be infeasible due to the high latency of the non-ideal backhaul. 

We see several benefits from supporting cross-CG UCI mapping by following the Rel-10/11 CA rule: 

·  
When PUSCH transmissions occur in one CG only and UCI of the other CG consists of HARQ-ACK and P-CSI as shown in Case 2 of Table 1, allowing cross-CG UCI on a PUSCH would prevent possible frequent dropping of P-CSI by transmitting P-CSI of CG2 on a PUSCH of CG1. Considering that dropping periodic CSI (P-CSI) is always undesirable because it disrupts and complicates the eNB scheduler operation, the CA solution is preferable. 

·  
Moreover, the application of the Rel-10/11 CA mechnism also simplifies the UCI prioritization procedure in power limitation since only one PUSCH carries UCI and, thus, there is no need to handle the case of PUSCH with UCI + PUSCH with UCI. 

·  
Finally, following the Rel-10/11 CA solution can avoid introducing CG-specific A-CSI triggering and A-CSI field mapping, thereby reducing the Rel-13 standardization effort. 

We understand that the non-ideal backhaul constraint between two eNBs may pose restrictions on DC design, whereas such a constraint does not exist for CA. Because of the identified drawbacks, following the DC design in CA is less advantageous. Instead, following the Rel-10/11 CA rule can achieve a more efficient UCI distribution and would be a sensible choice to maintain the advantage of Rel-10/11 CA over DC. 

Taking concurrent transmission of ACK + P-CSI as an example for simplicity, the procedure can be summarized as follows:

· When simultaneous PUCCH and PUSCH is configured at least in one CG: 

· No PUSCH transmission: 

· UCI is mapped on the corresponding PUCCH as shown in Case 1 of Table 1. 

· At least one PUSCH transmission: 

· ACK alone (possibly multiple bits) or P-CSI alone: 

· Simultaneous PUCCH and PUSCH transmission is configured in one CG only (e.g., CG1):
· ACK or P-CSI for the CCs in CG1 is transmitted on PUCCH in CG1. 

· If no PUSCH in CG2, ACK or P-CSI for CCs in CG2 is transmitted on PUCCH in CG2. If at least one PUSCH is transmitted in CG2, ACK or P-CSI for CCs in CG2 is transmitted on the PUSCH with the lowest index. 

· Simultaneous PUCCH and PUSCH transmission is configured in both CGs:

·  ACK or P-CSI for the CCs in CG1 and CG2 is transmitted on PUCCH in CG1 and CG2, respectively.

· ACK + P-CSI:
· ACK is transmitted as in the ACK alone case described above. 

· All P-CSIs for the two CGs are transmitted on the PUSCH with the lowest index, as illustrated in Case 2 and Case 4 of Table 1. 

Table 1: UCI multiplexing when the Rel-10/11 CA rule is followed
	Case 1
	Case 2
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Based on the analysis of this section, our preference is to follow the Rel-10/11 CA rule for UCI transmission except for two PUCCH transmissions. 

Proposal 7: UCI multiplexing on PUSCH follows the Rel-10/11 CA rule. 
3. Conclusions
In this contribution we discussed the open issues of PUCCH on SCell. Based on the discussion, we have the following proposals: 

Proposal 1: UE is not required to monitor CSS on the PUCCH SCell. 
Proposal 2: The pathloss estimate for PUCCH SCell is based on the RSRP in the reference cell configured by higher layers.
Proposal 3: Introduce Type 2 PHR for the PUCCH SCell if simultaneous PUCCH/PUSCH is configured in the CG containing that PUCCH CG.

Proposal 4: If the UL information type with highest priority is the same for the two CGs, transmission in the PCell CG is prioritized.
Proposal 5: Aperiodic CSI is prioritized over periodic CSI in case of power limitation. 

Proposal 6: SR shall be transmitted in a single serving cell, i.e. either on the PCell or on a PUCCH SCell, which is configured by higher layers signalling.
Proposal 7: UCI multiplexing on PUSCH follows the Rel-10/11 CA rule. 
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