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1. Introduction
In RAN1 #77 meeting, it was agreed that if look-ahead is supported or in the synchronous case, all the remaining power can be used. For the remaining power, priority is determined based on UCI type across CG for channels not satisfied by P_SeNB or P_MeNB [1]. After RAN1 #77 meeting, discussion on details of priority rule based on UCI type across CGs continued in the mail discussion thread [77-11]. Some agreements has been reached [2],
Working assumption:
· The remaining power can be allocated to both eNBs according to priority rule.

Agreements:

· A unified design/common framework for both synchronous case and asynchronous case if look-ahead is supported.

· Simultaneous PUSCH/PUCCH transmission can be independently configured per CG. 

· RAN4 should confirm whether independent PUSCH/PUCCH simultaneous transmission per CG can be supported.
Conclusions:

· Continue discussion on priority rule details in RAN1#78
· Continue discussion on the remaining issues in RAN1#78
During the mail discussion, two alternatives for priority rules related to ACK/NACK on either PUCCH or PUSCH and PUSCH were proposed and discussed, but have not been determined yet.
· Alternative 1: PUCCH on MCG > PUCCH on SCG > PUSCH with UCI on MCG > PUSCH with UCI on SCG > PUSCH without UCI on MCG > PUSCH without UCI on SCG.

· Alternative 2: HARQ-ACK (via PUCCH or PUSCH) on MCG > HARQ-ACK (via PUCCH or PUSCH) on SCG > PUSCH on MCG > PUSCH on SCG.
Following these open issues of the mail discussion thread [77-11], in this contribution, we discuss the dynamic power allocation priority rules for power limited UEs.
2. Discussion
2.1 Priority rules between multiple PUCCH
UCI transmitted by PUCCH include DL ACK/NACK, periodic CSI and SR. ACK/NACK and SR always has higher priority than periodic CSI which follows existing rules, considering that CSI could be obtained at the next periodic CSI report instant or by requesting an aperiodic CSI report as soon as possible, if necessary. However, new UCI combinations, such as simultaneous SR and ACK/NACK or simultaneous periodic CSI reports on different eNBs need new rules. Prioritizing SR over ACK/NACK will result in unnecessary PDSCH retransmission, while prioritizing ACK/NACK over SR will delay new UL traffic transmission or UL RRC signalling, if the SR is intended for MeNB. Considering that the impact of giving low priority to SR may be alleviated to a certain extent by the SR configuration, which is flexible and could be from 1ms to 80ms depending on the sensitivity to latency, we propose to prioritize ACK/NACK over SR. For example, in the case of simultaneous SR and ACK/NCACK, the UE could transmit ACK/NACK first and then transmit SR in the next SR instance, e.g. in the next subframe, if the UE is sensitive to the latency. For simultaneous transmission of periodic CSI, the priority rules similar to the rules used in CA/CoMP could be used e. g. based on CQI/PMI and RI reporting types. And power scaling could be used instead of dropping. Signals to the MeNB could have higher priority when UCI with the same type are transmitted towards both eNBs simultaneously.

Solution 1: When multiple PUCCHs are simultaneously transmitted toward both MeNB and SeNB,
· The priority is determined by ACK/NACK > SR > periodic CSI.
· The priority between periodic CSIs to different eNBs could be same as the rule used in legacy CA/CoMP, based on the report types.
· In case of same UCI type for both eNBs, MeNB has higher priority than SeNB.
2.2 Priority rules between multiple PUSCH with UCI
UCI transmitted by PUSCH depends on whether the UE is configured for simultaneous PUSCH and PUCCH transmission. Possible cases of PUSCH with UCI are:
· When simultaneous PUSCH and PUCCH is not enabled: ACK/NACK on PUSCH, aperiodic CSI on PUSCH and periodic CSI on PUSCH,
· When simultaneous PUSCH and PUCCH is enabled: ACK/NACK on PUCCH, aperiodic CSI on PUSCH and periodic CSI on either PUCCH or PUSCH.

For power allocation between ACK/NACK and periodic CSI, the same priority rules used for simultaneous PUCCH transmission (as proposed in section 2.1) could be reused. For simultaneous periodic CSI and aperiodic CSI transmission to different eNBs, aperiodic CSI could be prioritized because aperiodic CSI would be more urgent if the eNB triggers it. In addition to the priority rules among ACK/NACK, periodic CSI, aperiodic CSI and different reporting type of periodic CSI discussed previously, the priority rules between aperiodic CSIs to different eNBs could also be defined, e. g. it could be based on reporting modes. Similar to the discussion on the case of multiple PUCCH, signals to the MeNB could have higher priority when UCI with the same type are transmitted towards both eNBs simultaneously.
Solution 2: When multiple PUSCHs with UCI are simultaneously transmitted toward both MeNB and SeNB, 
· The priority is determined by ACK/NACK > aperiodic CSI > periodic CSI.
· The priority between aperiodic CSIs to different eNBs could be defined, e. g. based on reporting modes.
· In case of same UCI type for both eNBs, MeNB has higher priority than SeNB.
2.3 Priority rules between PUCCH and PUSCH with UCI

Two alternatives proposed in the mail discussion thread [77-11] are given in section 1. The alternative 1 entrusts PUCCH with higher priority than PUSCH where no UCI type is taken into account. The alternative 2 provides a priority rule based on UCI type. It seems that the alternative 1 mainly follows the priority rule for legacy CA and may be improper. This is because dual connectivity may need to deal with more complicated cases of the power-limitation-caused collision between PUCCH and PUSCH with UCI compared with the case in legacy CA scenario. Simply prioritizing PUCCH over PUSCH without any consideration on UCI type may be too rough to operate appropriate power allocation. Moreover, it seems that the alternative 1 is not in line with the agreement achieved in RAN1 #77 meeting that priority is determined based on UCI type across CG. Therefore, priority rules based on UCI type, such as the alternative 2, would be desired to achieve better power allocation.
In legacy CA, there are two possible combinations of simultaneous PUCCH and PUSCH with UCI, as shown below,
· ACK/NACK on PUCCH while periodic CSI on PUSCH,
· ACK/NACK on PUCCH while aperiodic CSI on PUSCH.
Obviously, UCI carried by PUCCH is more important than UCI carried by PUSCH in both of the cases. However, it is not the case in dual-connectivity. There could be some new combinations, for example,
· SR on PUCCH while periodic/aperiodic CSI on PUSCH.
· SR on PUCCH while ACK/NACK on PUSCH.

· Periodic CSIs for different eNBs are transmitted by PUCCH and PUSCH on different eNBs.
· Aperiodic CSIs for different eNBs are transmitted by PUCCH and PUSCH on different eNBs.
· Periodic CSI on PUCCH while aperiodic CSI on PUSCH.
It could be observed that, only in the first case we could easily assume that UCI carried by PUCCH is more important than PUSCH. In order to deal with the other cases, some rules such as prioritization based on UCI type and the importance of eNBs may need to be introduced. The priority among ACK/NACK, SR, periodic CSI, aperiodic CSI and different reporting type of aperiodic/periodic CSI discussed in the previous sections could be reused here. In cases of the same UCI type, PUCCH may be more appropriate than PUSCH to carry the UCI in consideration that PUCCH may have better power efficiency than PUSCH especially when the bandwidth of PUSCH is much wider than one PRB.
Solution 3: When PUCCH and PUSCH with UCI are simultaneously transmitted towards both MeNB and SeNB, 
· The priority is ACK/NACK on either PUCCH or PUSCH > SR on PUCCH > Aperiodic CSI on PUSCH > Periodic CSI on either PUCCH or PUSCH.
· In cases of the same UCI type, PUCCH has higher priority than PUSCH. 

· In cases of the same UCI type, signals to the MeNB have higher priority than SeNB.
2.4 Priority rules for PUSCH without UCI
In dual-connectivity, the importance of data carried by PUSCH on MeNB and SeNB could be different because some radio bearers may be only served by a certain eNB, e.g. SRB can only be transmitted to/from MeNB. Moreover, some latency sensitive traffic such as VoIP may only be served by the MeNB with split bearer architecture. Therefore, it would be worthwhile to allocate more transmission power to PUSCH to the MeNB than to PUSCH to SeNB.

Solution 4: When multiple PUSCHs without UCI are simultaneously transmitted toward both MeNB and SeNB,
· MeNB has higher priority than SeNB.
2.5 Priority rules for PRACH and SRS
It has been agreed that PRACH of MeNB has the highest priority [1]. Following the priority rule for the Rel-11 multiple TA, PRACH to SeNB should be prioritized over all other channels except for PRACH to MeNB. With respect to SRS, SRS to both MeNB and SeNB could be treated with the lowest priority.

Solution 5:

· The priority of PRACH to SeNB is higher than other channels except for PRACH to MeNB.
· The priority of SRS to both MeNB and SeNB is lowest among all channels
3. Conclusions

In this contribution, we discussed dynamic power allocation priority rules for power limited UEs. We prefer the priority rules based on UCI types with the following proposal,
Proposal: 
The power scaling across the MeNB and SeNB should be based on UCI type. 

· The priority is PRACH >ACK/NACK on either PUCCH or PUSCH > SR on PUCCH > Aperiodic CSI on PUSCH > Periodic CSI on either PUCCH or PUSCH > PUSCH without UCI > SRS.
· In the case of multiple aperiodic CSI reports to different eNBs, the priority could be based on the report modes.
· In the case of multiple periodic CSI reports to different eNBs, the priority rule could be based on CQI/PMI and RI reporting types. 

· In cases of the same UCI type, PUCCH has higher priority than PUSCH. 

· In cases of the same UCI type, signals to the MeNB have higher priority than SeNB. 
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