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1. Introduction
In RAN1#77, introduction of guaranteed power, PMeNB and PSeNB, for the master cell group (MCG) and secondary cell group (SCG) respectively, was agreed upon [1]. Depending on the configuration, it is allowed not to guarantee 100% power of the UE i.e., the UE can be configured with PMeNB and/or PSeNB such that PMeNB+PSeNB<100%. For the remaining power that is guaranteed by neither PMeNB nor PSeNB, UE power handling was discussed in an email discussion [2]. As a result, RAN1 reached the following working assumption/agreements/conclusions after the email discussion.
	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


Another discussion topic was whether or not the same power-limited handling is applied for the remaining power when look-ahead is available (either in the sync or async case). RAN1 reached the following agreements after email discussion [3].

	Synchronous case

· It is FFS whether synchronous case realized by nonsynchronous case or not.

· If separate handling is realized, 

· Same handling with MTA i.e. RAN1 spec is written as if all subframes are aligned and total transmission power should not exceed P_cmax on any overlapped portion.

· Condition of synchronous case is according to RAN4 definition of synchronized dual connectivity operation. In terms of maximum uplink transmission timing difference, it is to be clarified whether synchronous case should be described as "the maximum uplink transmission timing difference between PCell's and pSCell's is less than x µs" or "the maximum uplink transmission timing difference between all TAGs is less than x µs". Other description is not precluded.

Non-synchronous case

· Look ahead is defined as UE to know actual UL transmission(s) in the latter part of the overlap portion.   

· At least for PUCCH/PUSCH, FFS Alt 1 or Alt 2.

· Alt 1. UE is not mandatory to look-ahead. 

· Alt 1-1. UE does not look-ahead.

· Alt 1-2. UE can choose between (a) look-ahead and (b) not look-ahead.

· Alt 2. UE is mandatory to look-ahead in condition Y. 
· In other than condition Y, 
· Alt 2-1. UE does not look-ahead

· Alt 2-2. UE can choose between (a) look-ahead and (b) not look-ahead.

· Discussed candidates of condition “Y” are:
- all TA values are less than y usec
- the maximum uplink transmission timing difference between TAGs is less than y µs
Other candidate(s) of condition Y is not precluded.

· It is FFS whether UE to inform look-ahead or not to the network.


Related to the above outcomes, we describe our views regarding the aspects below in this contribution.
· UCI priority rules and relevant UE behavior for the remaining power
· Power-limited handling in synchronous and asynchronous cases
2. UE behavior for remaining power and the UCI priority rules
2.1. UE behavior for remaining power when the UE is power-limited
First, the UE behavior in a power-limited case is discussed. When PMeNB+PSeNB=100%, the UE prioritizes allocation of transmit power to each CG until it reaches PMeNB or PSeNB. When PMeNB+PSeNB<100% in the asynchronous case without look-ahead, for the remaining power, the UE prioritizes on-going transmission, at least for PUCCH/PUSCH. When PMeNB+PSeNB<100% in the synchronous case or in the asynchronous case with look-ahead, the UE perform power-limited handling, where the details are still FFS. Therefore, here we focus on the UE behavior for the remaining power in the synchronous case or in the asynchronous case with look-ahead.
Regarding the UE behavior for the remaining power, RAN1 agreed “within a CG, for the total power allocation, reuse Rel-11 relative priority and power scaling of different channel types” [1]. In order to follow this agreement, the power-limited UE needs to fix the maximum power for each CG beforehand. Then, the UE can perform Rel.11 relative priority and power-scaling of different channel types. Therefore, the UCI priority rules for the remaining power should be used only to determine the maximum transmit power for each CG, and the calculation of the actual transmission power on each serving cells should be based on the power scaling mechanism specified up to Rel.11. The example is described in Fig.1.
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Fig.1  Power-handling when PMeNB+PSeNB<100%. 
An example of the UE behavior for determining the maximum power for each CG is given hearafter. Fig.2 illustrates this example.
1. The UE first calculates the required power for each channel (or for each CC) as in Rel.8-11.

· Note: The power headroom report (PHR) is computed before the power-scaling per CC as in Rel.8-11.
2. The UE then accumulates the required power for channels based on the Rel.12 priority order untilthe sum of the accumulated powers across the CGs exceeds PCMAX.

· Note: Therefore, the required power for some channels with low priority may not be available due to a power-shortage.
· Note: The power for the last accumulated channel is adjusted so that the total power does not exceed PCMAX.
3. After accumulating the power, the total accumulated power for MCG and SCG are the maximum transmit power for the MCG and SCG. The UE performs Rel.11 power-scaling/dropping per CG while taking into account the maximum transmit power for the MCG and SCG.
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Fig.2  Example of UE procedure in power-limited case with the remaining power.
2.2. UCI priority rules for remaining power
.The next question is what priority rule should be specified so that the UE can determine the maximum transmit power for CGs. The maximum transmit power per CG should be determined so that the important UCI signal(s) are protected. Therefore, the Rel.12 UCI priority should be SR/HARQ-ACK > CSI > Data, irrespective of whether the UCI/signal is transmitted by PUCCH or PUSCH. For concurrent transmission at the same priority level in the MCG and SCG, the MCG should be given priority.
Proposal 1:
· UCI priority across CGs is SR/HARQ-ACK in the MCG > SR/HARQ-ACK in the SCG > CSI in the MCG > CSI in the SCG > Data in the MCG > Data in the SCG.
· Confirm the above UE behavior in power-limited case.
3. Power-limited handling in synchronous and asynchronous cases
How to handle the power-limited  in synchronous case is still FFS. For the synchronous case, it is clear that multiple TA based power-limited handling is efficient. Therefore, RAN1 should agree to use multiple TA based power-limited handling if the uplink transmission timing difference between two serving cells belonging to different CGs is less than x us. The value of x is up to RAN4.
Proposal 2:

· In the synchronous case, power-limited handling is the same as in multiple TA.
In the asynchronous case, from Alt.1 and Alt.2 in [3], it may not be able to be assumed  in RAN1 that look-ahead is always available. One option is to limit the applicable scenarios of asynchronous dual connectivity, e.g., based on the maximum TA values, maximum TA difference among TAGs/CGs, etc. Another option is to limit the applicability of asynchronous dual connectivity to UEs, e.g., introducing a UE capability that indicates the support of asynchronous dual connectivity or the support of the look-ahead operation. The last option is not to introduce/mandate look-ahead for asynchronous dual connectivity at all. 
Among these three options for the asynchronous case, introduction of an asynchronous dual connectivity capability/signalling and/or look-ahead capability/signalling only for the power-control operation are not preferred. This is because RAN1 agreed to introduce guaranteed power levels, PMeNB and PSeNB for both synchronous and asynchronous cases. Consequently, the minimum necessary power-control mechanisms have already been introduced. The look-ahead operation in asynchronous dual connectivity is an optimization of power-control, while the exact benefit/gain of the optimization is not clear. Rather, capability splitting due to such a minor optimization of power-limited handling will introduce the unnecessary market fragmentation. Therefore, we propose that indication for look-ahead to the network is not introduced. This is also discussed in [4].
Assuming such indication is not introduced, the next question is whether look-ahead should still be mandated for the limited number of applicable scenarios of asynchronous dual connectivity or look-ahead should not be assumed for any asynchronous dual connectivity scenario. If, from the UE implementation point of view, mandating look-ahead requires a significant reduction of applicable scenarios on asynchronous cases compared to synchronous cases, e.g, limitation on the UL timing difference between CGs, look-ahead should not be considered. Otherwise, if the scenario limitation is confirmed to be marginal, look-ahead should be supported for asynchronous dual connectivity.
Proposal 3:

· Do not introduce indication of the look-ahead capability and/or asynchronous dual connectivity for only the power-limited handling difference.

· In asynchronous dual connectivity, select one of the following.
· UE does not support look-ahead operation in asynchronous dual connectivity.

· UE supports look-ahead operation in asynchronous dual connectivity in a limited number of scenarios, if the scenario limitation is marginal.
4. Conclusion
In this contribution, we described our views on the power-control mechanisms for dual connectivity and propose the following.
Proposal 1:

· UCI priority across CGs is SR/HARQ-ACK in the MCG > SR/HARQ-ACK in the SCG > CSI in the MCG > CSI in the SCG > Data in the MCG > Data in the SCG.
· Confirm the above UE behavior in power-limited case.
Proposal 2:

· In the synchronous case, power-limited handling is the same as in multiple TA.
Proposal 3:

· Do not introduce indication of the look-ahead capability and/or asynchronous dual connectivity for only the power-limited handling difference.

· In asynchronous dual connectivity, select one of the following.

· UE does not support look-ahead operation in asynchronous dual connectivity.

· UE supports look-ahead operation in asynchronous dual connectivity in a limited number of scenarios, if the scenario limitation is marginal.
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