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1 Introduction

In RAN1 meeting #76, progress on UCI feedback mechanism has been made on dual connectivity: 

· At least following schemes are supported

· At least the following, uplink control information (UCI) related to the PDSCH/PUSCH operation in SCG is transmitted to the SeNB only

· HARQ-ACK for PDSCH of SCG cells

· Periodic and aperiodic CSI of SCG cells

· HARQ-ACK and CSI related to MCG is transmitted to the MeNB only

· In SCG, the UCI transmission rules as in Rel-11 are supported, with the Pcell replaced by the pSCell:

· Physical channel (PUCCH or PUSCH) in which UCI is transmitted

· Selection of the cell in which UCI is transmitted in case of UCI on PUSCH

· Selection of PUCCH resources for HARQ-ACK

· Periodic CSI dropping rules

· Handling of UCI combinations

· HARQ-ACK timing and multiplexing

This contribution analyzes the UCI feedback mechanism to support dual connectivity with non-ideal backhaul under the assumption of UEs supporting multiple Rx/Tx. 
2 UCI feedback mechanism for Dual Connectivity
The following schemes are mainly discuss about the solutions for parallel UCI transmission between two CGs in power-limited case.
2.1 Power control
Power control for simultaneous UL transmission in multiple carriers is specified in Rel-11 CA mechanism. However, power control for CA is based on the assumption that component carriers are co-located or connected with ideal backhaul between RRUs. For non-ideal backhaul, power control command cannot be transferred timely between MCG and SCG.
A UE configured for dual connectivity may need to transmit uplink control information individually to eNB. Pathloss from the UE to different eNBs are independent. Separated power control loops have to be used for dual connectivity. Due to non-ideal backhaul, the sum of UE transmission power controlled by different eNBs is more likely to exceed the allowable power. One approach to avoid exceeding UL power limitation is allocating a maximum UE transmission power for the MeNB and a maximum UE transmission power for the SeNB. UL coverage and UL throughout will inevitably be reduced for both the MeNB and the SeNB. The second approach is to do power scaling or dropping according to prioritization rules. 
Proposal 1: Define power prioritization rules for scaling or dropping on UL channel combinations when UE would exceed the maximum power At least for UCI, scaling is preferred.
When there is timing difference from MeNB and SeNB, the uplink control information from different eNB may be partial overlapping in one or more OFDM symbols in one subframe. The scaling or dropping should be done only for those fully/partially overlapped OFDM symbols. 
Proposal 2: The scaling or dropping should be done only for those fully/partially overlapped OFDM symbols.
2.2 Prioritization of UL Information
A simple prioritization rule is to always prioritize transmissions to the MeNB over the SeNB regardless of the respective information types. However, if SeNB carries more important or larger payload than MeNB, it will lead to higher performance loss..
The second approach is to consider the information types. In most cases, CA rules can be applied. For example, priority rule as PRACH>HARQ>SR>A-CSI>P-CSI>A-SRS>P-SRS can be reused. However, it might not be proper to reuse PUCCH>PUSCH with UCI>PUSCH without UCI. For example, when the PUSCH for MCG carrying MPcell’s UCI and PUCCH is transmitted to MCG, the UCI to MCG should be ensured. 
Proposal 3: The priority rules as PRACH>HARQ>SR>A-CSI>P-CSI>A-SRS>P-SRS can be reused between CGs.
Observation1: Enhanced priority rules over CA should be introduced for dual Connectivity.

HARQ+HARQ

When the MCG’ HARQ and SCG's HARQ is overlapping in time domain and the total power greater than the UE specific maximum power, UE should define the HARQs and priority rules as follows:

Type1：MCG HARQ including the MPCell HARQ bits

Type2：SCG HARQ including the SPCell HARQ bits

Type3：MCG HARQ not including the MPCell HARQ bits 

Type4：SCG HARQ not including the SPCell HARQ bits

MPcell is responsible transmit the RRC message. Thus, Type1 HARQ should have the highest priority. Because Type2 HARQ may need to send information including activation and deactivation, Type2 HARQ priority may be higher than the priority of Type3 and Type4. Alternatively, we can choose Type 2, Type 3 and Type 4 according to the number of associated transmission blocks. As a example, Type 4 HARQ can associate much more TBs, if with the TDD configuration of 5 and scheduled two codewords in all consecutive five subframes. 
Following listed the cases for prioritization between types of parallel HARQ transmission:
Case 1：Type 1 HARQ >Type 2 HARQ parallel transmission
Case 2：Type 1 HARQ > Type 4 HARQ parallel transmission
Case 3：Type 3HARQ and Type 2 HARQ parallel transmission
Alt1：Type 2 HARQ has the higher priority than type 3.
Alt2：UE prioritize based on the number of transmission block. If same number of transport blocks represented, it prioritizes based on cell index.

Case 4：Type 3HARQ and Type 4 HARQ parallel transmission
UE prioritize based on the number of transmission block. If same number of transport blocks represented, it prioritizes based on cell index.
Proposal 4：HARQ including MPcell HARQ bits has a higher priority than other HARQ. HARQ including SPcell HARQ bits has a higher priority than other HARQ without MPcell HARQ bits..
Proposal 5：The method prioritizing the HARQ according to the number of associated transmission block is preferred in case with no Pcell HARQ bit.

HARQ with CSI/SR+HARQ with CSI/SR

If multiplexed with same type of CSI/SR, priority of HARQ can be used as defined above. For HARQ with CSI/SR+HARQ with CSI/SR parallel transmission, it can be divided into the following:
Case 1: HARQ+HARQ with SR

HARQ with SR has the higher priority.

Case 2: HARQ+HARQ with CSI

HARQ with CSI has the higher priority.

Case 3: HARQ+HARQ with SR and CSI

HARQ with SR and CSI has the higher priority.

Case 4: HARQ with SR+HARQ with SR 

It prioritizes based on minimum cell index in the cells relative to HARQ.

Case 5: HARQ with SR+ HARQ with SR and CSI

HARQ with SR and CSI has the higher priority.

Case 6: HARQ with SR+ HARQ with CSI

HARQ with SR has the higher priority.

Case 7: HARQ with CSI+ HARQ with CSI

UE prioritize based on CSI type as R11 CA do. Then, it prioritizes based on minimum cell index in the cells relative to HARQ.

Case 8: HARQ with CSI+ HARQ with CSI and SR

HARQ with CSI and SR has the higher priority.

In case that the CC index of MCG and SCG is separately defined and cell index of two UCIs are the same, then the UCI of MCG has the higher priority.
Proposal6： If multiplexed with same type of CSI/SR, priority of HARQ can be used as defined in HARQ only case. Otherwise, it is follow the cases listed in above
3 Conclusion
This contribution gives our opinion on the UCI feedback mechanism for supporting dual connectivity with non-ideal backhaul under the assumption UE supports 2 Rx/Tx. Based on the analysis, we have the following proposals: 

Proposal 1: Define power prioritization rules for scaling or dropping on UL channel combinations when UE would exceed the maximum power At least for UCI, scaling is preferred.
Proposal 2: The scaling or dropping should be done only for those fully/partially overlapped OFDM symbols.
Proposal 3: The priority rules as PRACH>HARQ>SR>A-CSI>P-CSI>A-SRS>P-SRS can be reused between CGs.
Proposal 4：HARQ including MPcell HARQ bits has a higher priority than other HARQ. HARQ including SPcell HARQ bits has a higher priority than other HARQ without MPcell HARQ bits.
Proposal 5：The method prioritizing the HARQ according to the number of associated transmission block is preferred in case with no Pcell HARQ bit.

Proposal6： If multiplexed with same type of CSI/SR, priority of HARQ can be used as defined in HARQ only case. Otherwise, it is follow the cases listed in the end of section 2.2.
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