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During last meeting, the following agreements has been reached [1]. Since the uplink power control is performed independently across cell groups with MCG and SCG in different frequency ranges, power control in this WI is focused on synchronous and asynchronous NN-DC with MCG and SCG in the same frequency range.
	Agreements:
· For Rel. 16 UEs and asynchronous NN-DC operation, where MCG has serving cells only in FR1 and the SCG has serving cells only in FR2, the uplink power control is performed independently across cell groups
· This is under the assumption that for NR Rel. 16, no joint power limit across FR1 and FR2 is defined by RAN4.
· RAN1 has not identified any use case to support the case where SCG is fully in FR1 and MCG is fully in FR2 for both synchronous & asynchronous NN-DC operation. At the same time, if supported, RAN1 has not identified other RAN1 specification impact other than the power control aspect listed below and UE capability 
· If supported, power control is performed independently across the two cell groups.



According to the offline/online discussion on power control in last meeting, different companies hold different understandings for semi-static and dynamic power sharing. Thus, 11 questions are listed to make sure different companies are on the same page.
In this contribution, we first answer the 11 questions listed in the summary and then introduce our power control solutions for Rel-16 NN-DC.
Understanding on semi-static and dynamic power sharing
1) What is semi-static power sharing for NN-DC?
UEs that only support semi-static power sharing are not required to determine the transmit power of one cell group based on the dynamic scheduling information in other cell group. In other words, they can only determine the transmit power of one cell group based on the semi-static power configuration and semi-static scheduling information from other CG. UEs that support semi-static power sharing should be semi-statically configured with one maximum power limit and/or minimum guaranteed power for each cell group. UEs can’t use the power reserved for other cell group unless it can be guaranteed semi-statically that there is no uplink transmission in other cell group from semi-static configuration e.g. downlink slot.
2) What is dynamic power sharing for NN-DC?
UEs that support dynamic power sharing are required to determine the transmit power of one cell group based on some dynamic scheduling information in other cell group e.g. instantaneous scheduling information at the point of power determination. UEs that support dynamic power sharing can use power from at least a partial portion of power available for dynamic sharing according to the specific prioritization rule.
In this sense, compared with semi-static power sharing, dynamic power sharing can improve power utilization efficiency and can prioritize UL transmission according to its importance e.g. for better support of URLLC traffic.
3) Is there any benefit to dynamic power sharing with a look-ahead operation as compared to dynamic power sharing without a look-ahead operation? If yes, what are the benefits? 
From our perspective, the definition of a look-ahead operation is that UE can determine the power based on the UL grant information within a certain time duration that arrives later than the current UL grant. With look-ahead, the power of an earlier-arrived UL grant can be adjusted based on another later-arrived UL grant.  
For dynamic power sharing with a look-ahead operation, UE can prioritize all the overlapping uplink transmissions with different arrival time of the corresponding uplink grants in different cell groups according to their importance, e.g., the prioritization rule agreed in Rel-15 or priority of traffic types.
For dynamic power sharing without a look-ahead operation, UE can only determine the power at the time of UL grant based on some simple prioritization rules e.g. prioritize all the overlapping uplink transmission in different cell groups with UL grants arrived at the same time or prioritize according to their arrival time, i.e., the uplink transmission with first arrived grant may always have the highest priority.
4) Does semi-static power sharing reduce UE implementation complexity compared to dynamic power sharing? If yes, how and in what cases?
The key difference between semi-static power sharing and dynamic power sharing is whether one UE needs to acquire the dynamic scheduling information in other cell group for the purpose of power sharing.
It seems that semi-static power sharing can reduce UE implementation only for UEs with basic capabilities. For UEs with advanced capabilities, there is no need to restrict UEs to only support semi-static power sharing. It requires some kind of dynamic power sharing in CA cases. So it may not increase UE implementation much depending on specific dynamic power sharing methods.
5) Can Dynamic power sharing be operated to also cover semi-static power sharing? If yes, how? What is the impact from NW and UE perspective when this is done?
Dynamic power sharing can be operated to cover semi-static power sharing via appropriate configuration, e.g., PNR1+PNR2 <= PTotal. From NW perspective, the same set of signaling should suffice for both semi-static and dynamic power sharing. It is more flexible and up to NW’s choice if semi-static power sharing and dynamic power sharing use the common signaling framework. Depending on the NW implementation, the coordination schemes between two CGs may be different for semi-static power sharing and dynamic power sharing. From UE perspective, the answer is the same as that in question 4. If a UE supports dynamic power sharing and if semi-static power sharing scheme is just a fall-back design of dynamic sharing, it should have no extra complexity for the UE to support semi-static power sharing. 
6) What is the impact on uplink performance (coverage/throughput) when semi-static power sharing is used for NN-DC?
For semi-static power sharing, UEs can’t overbook power from other cell group even there is no uplink transmission in other cell group according to dynamic scheduling information. It means in many cases the UE can’t use the maximum power to transmit uplink in each cell group. This likely decreases uplink performance in terms of throughput and coverage especially for power limited users, e.g., cell-edge UEs. Number of power limited users is expected to increase when semi-static power sharing is used. 
7) What is the impact on uplink performance (coverage/throughput) when dynamic power sharing is used for NN-DC?
UEs that support dynamic power sharing can overbook power from other cell group according to the specific prioritization rule. This likely can increase uplink performance because of effective power adjustment. It is expected to increase throughput and coverage since UEs can fully utilize the maximum power more often. In addition, it is expected to increase performance of URLLC UEs in terms of reliability and latency especially if dynamic power sharing with look-ahead is supported.
8) What is the impact on UL link adaptation when dynamic power sharing is used for NN-DC? 
Dynamic power sharing may affect accuracy of channel quality estimation in network side, which may further affect UL link adaptation. However, as defined in EN-DC, dynamic power sharing is restricted to adjust the transmission power within X dB. The impact on dynamic UL link adaptation can be alleviated by configuring an appropriate X. Besides, the UL link adaptation is a gradually-changed process, dynamic power sharing may not result in big impact on UL link adaptation. As long as the network can control that portion of power for dynamic power sharing, the network can choose MCS properly. The most conservative way is to choose MCS assuming semi-static power sharing. Even in this case, dynamic sharing should still be beneficial to the uplink performance.
9) Can dynamic or semi-static power sharing introduce phase discontinuity on an ongoing uplink transmission? If yes, how? If no, is there any requirement for the UE to maintain the phase continuity?
From our perspective, regardless of dynamic and semi-static power sharing, UE can’t change its power once the uplink transmission starts. In this sense, they don’t introduce phase discontinuity on an ongoing uplink transmission.
10) Does the relative performance (coverage/throughput) of semi-static power sharing vs. dynamic power sharing depend on traffic load (e.g. low/medium/high) and traffic type (e.g. bursty, full buffer)? If yes, how?
Definitely that relative performance of semi-static and dynamic power sharing depend on traffic loads and the UE’s scheduling opportunities on different CGs. Different power sharing schemes fit in with different traffic types. It is expected to have higher gain from dynamic power sharing in the cases when both CGs have low/medium traffic loads or when the traffic loads on CGs are not balanced (e.g. one high/one low) if all the traffic loads are offered to the UE.  If cell traffic loads are high and the scheduling opportunity of the UE is low/medium, it is expected to have higher gain as well. More gain is expected when at least traffic type in one of the CGs is bursty. As we commented in Question 5, dynamic power sharing can be operated to cover semi-static power sharing via appropriate configuration. If dynamic power sharing is adopted, NW can configure different power sharing schemes according to the current traffic type. Overall, we expect that dynamic power sharing fits to most of the realistic scenarios e.g. bursty traffic.
11) Should the uplink power control design for Rel. 16 NN-DC consider a UE with a single PA?
UEs supporting Rel-16 NN-DC are considered as advanced UEs, which should support high downlink and uplink performance and reliability. It’s not reasonable to consider a UE supporting Rel-16 NN-DC with only a single PA.
Solutions for dynamic power sharing
In LTE, two mechanisms of power sharing for DC have been specified [2]. 
· PCM1 in LTE is designed for the cases when two CGs are synchronous. When evaluating the power sharing result, the required power of all transmissions which are overlapped in time in both CGs are well known. So it is possible to determine the final power accurately for each transmission according to the priority. 
· PCM2 in LTE is designed mainly for the cases when two CGs are asynchronous. When evaluating the final power, the required power of all transmissions of one CG are ready while the required power of the other CG cannot be anticipated. Power is first allocated per CG using certain schemes which could guarantee a certain portion of power for the other CG and allow the residual power to be fully used by the first required power CG, then split among all the transmissions according to the priority within the CG. 
Since NR supports flexible scheduling delay, non-slot based frame structure, different numerologies for CCs, and URLLC which has absolutely higher priority and very short scheduling delay, it is hard to consider all the overlapped transmissions even within one CG. 
· Considering the flexibility in NR, even synchronous NR-NR DC can hardly only adopt PCM1 as in LTE. It also needs PCM2 to guarantee some power for the later-determined transmission, especially for the higher priority transmission. 
· For asynchronous NR-NR DC, the overlapping cases are more complicated than that of LTE PCM2. Since PDCCH with UL grant can be present in any symbol with various numerologies, it may happen to determine the power for two transmissions from two CGs respectively at the same time. In this case, it may need to consider scheme similar to PCM1 in LTE which is used to allocate power for two CGs. 
Consequently, PCM1 and PCM2 requirements exist in both deployment of synchronous and asynchronous NR-NR DC. A unified framework for both synchronous and asynchronous NR-NR DC should be considered which could be designed based on PCM2, while taking account of the merit of PCM1.
In order to support flexible power sharing, two types of power ratios can be configured for each CG: one is high power ratio H and the other is low power ratio L
· The high power ratio H is used to determine the maximum power portion when the sum of the required power for both CGs is larger than Pcmax. In this case, power could be allocated to each CG according to H if both CGs are requiring power more than H. But, when only one CG requires power higher than H i, it could occupy more power as long as the transmission power of other CG does not reach its corresponding high power ratio. 
· The low power ratio L is used as guaranteed power portion. Similar to PCM2 in LTE, if it can be certain that there is no transmission in one CG during a period, the other CG could occupy the power as much as Pcmax, which means no guaranteed power used for subsequent transmissions for the other CG; otherwise if it is not certain whether there is subsequent transmission for the other CG, the γL portion of power the other CG should be guaranteed for potential transmission.
For example, assuming high power ratios of CG1 and CG2 are H_CG1 =50% and H_CG2=50% respectively, and low power ratios of CG1 and CG2 are L_CG1=30% and L_CG2=20% respectively, 
· if the required power ratio for CG1 is 60% and the required power ratio for CG2 is 70%, then the actual power ratios for CG1 and CG2 are 50% and 50% respectively.
· if the required power ratio for CG1 is 60% and the required power ratio for CG2 is 30%, then the actual power ratios for CG1 and CG2 are 60% and 30% respectively.
· if the required power ratio for CG1 is 20% and the required power ratio for CG2 is 80%, then the actual power ratios for CG1 and CG2 are 20% and 70% respectively.
Proposal 1: A unified framework for both synchronous and asynchronous NR-NR DC should be supported.
· Two types of power ratios can be configured for each CG
· High power ratio H is used for restricting the maximum power portion when both CGs are requiring more power than its own high ratio
· Low power ratio L is used for guaranteeing the minimum residual power for each CG. 
Power sharing with look-ahead operation
From our perspective, the definition of a look-ahead operation is that UE can determine the power based on the UL grant information within a certain time duration that arrives later than the current UL grant. With look-ahead, the power of an earlier-arrived UL grant can be adjusted based on another later-arrived UL grant.
For dynamic power sharing with a look-ahead operation, UE can prioritize all the overlapping uplink transmissions within a certain time duration according to their importance, e.g., the prioritization rule agreed in Rel-15. For dynamic and semi-static power sharing without a look-ahead operation, UE can only prioritize all the overlapping uplink transmission according to their arrival time, i.e., the uplink transmission with first arrived grant always has the highest priority. It is beneficial to support the look-ahead operation for dynamic power sharing.
Proposal 2: Support the look-ahead operation for dynamic power control in Rel-16.
In LTE, transmissions are synchronous within one CG and it is not specified when to determine the power of these transmissions. For grant based transmission, the determination time should be generally considered as after the reception of the PDCCH with UL grant. Once determined, no more other transmissions will be transmitted during the period of these transmissions. So one CG only has one time point to determine the power of one or more transmissions for one target subframe. 
But in NR, PDCCH with UL grant could be at any symbol and the scheduling delay and PUSCH time-domain lengths are various for different transmissions. As shown in Figure 1, there are 3 synchronous CCs, PUSCH TX (transmission) #1, PUSCH TX #2 and PUSCH TX #3 are scheduled by UL grant #1, UL grant #2 and UL grant #3 respectively. The time domain of PUSCH TX #1 is overlapped with PUSCH TX #2 and PUSCH TX #3. If point A is used as the time point to determine power for PUSCH #1, then PUSCH TX #2 and PUSCH TX #3 are not known to the UE at point A. If PUSCH TX #2 and #3 have the same or higher priority compared with PUSCH TX#1, it is NOT proper to allocate power for PUSCH TX #1 without considering PUSCH TX #2 and PUSCH TX #3. If point B is used as the time point to determine power for PUSCH #1, the scheduling of PUSCH TX #2 is known but PUSCH TX #3 is not known. If point C is used as the time point to determine power for PUSCH #1, the scheduling of PUSCH TX #2 and PUSCH TX #3 are both known to the UE. Therefore, it is preferred to select the time point for power determination as late as possible as long as there is still sufficient time for UE to compute and adjust its power. 


Figure 1 Illustration of timeline for determining power within one CG or across different CGs
The power should be determined per transmission. Once determined, the later arriving transmission with the same priority cannot occupy the power for the already determined transmission. The determination time point is defined as a time offset before the starting point of the transmission, in order to guarantee UE getting as much information of the overlapped transmissions as possible.
Proposal 3: The power should be determined per transmission, and the determination time point is defined as a time offset before the first symbol of one transmission. 
Note: The time offset used for applying dynamic power sharing scheme should depend on UE capability.
Prioritization for transmission power scaling
In Rel-15, the prioritization for transmission power reductions is specified. Assuming that all uplink channels and signals are within one cell group, the prioritization for different uplink channels and signals are as shown below.
	PRACH on primary cell> PUCCH with HARQ-ACK/SR = PUSCH with HARQ-ACK > PUCCH with CSI = PUSCH with CSI > PUSCH without UCI > A-SRS > P-/SP-SRS = PRACH on secondary cell


As we can see, the above prioritization rule doesn’t take traffic/service type into account. In the later deployment of NR, URLLC traffic plays a more and more important role. It is reasonable to prioritize URLLC transmission. In URLLC study item, companies are discussing to introduce separate codebook and or HARQ procedures for URLLC [1]. More and more separate uplink channels and signals are foreseen to be designed for URLLC to guarantee URLLC reliability. In this sense, it makes sense to prioritize URLLC uplink channels and signals for transmission power scaling.
Proposal 4: Prioritize URLLC uplink channels and signals for transmission power reductions. 
For both EN-DC and NE-DC, the transmission power of NR is reduced in case of power limit. As for NN-DC, how to determine the prioritization of each cell group is a crucial issue. It may not be reasonable to always prioritize MCG over SCG since URLLC service may burst in SCG. 
Observation 1: For transmission power scaling in Rel-16 NN-DC, it may not be reasonable to always prioritize MCG over SCG.
The current Rel-15 prioritization rule for transmission power reductions is defined for all uplink channels and signals within one cell group. Some more detailed prioritization rule needs to be specified for NN-DC in Rel-16. One possible way is to determine the prioritization rule for all uplink channels and signals across MCG and SCG. 
Proposal 5: Determine the prioritization rule for all uplink channels and signals across MCG and SCG for transmission power reductions in Rel-16.

Conclusion
In this contribution, we first answer the 11 questions listed in last meeting from our perspective. Then, we put forward our power control solutions for Rel-16 NN-DC. To sum up, the following observations and proposals are proposed.
Observation 1: For transmission power scaling in Rel-16 NN-DC, it may not be reasonable to always prioritize MCG over SCG.
[bookmark: _GoBack]Proposal 1: A unified framework for both synchronous and asynchronous NR-NR DC should be supported.
· Two types of power ratios can be configured for each CG
· High power ratio H is used for restricting the maximum power portion when both CGs are requiring more power than its own high ratio
· Low power ratio L is used for guaranteeing the minimum residual power for each CG. 
Proposal 2: Support the look-ahead operation for dynamic power control in Rel-16.
Proposal 3: The power should be determined per transmission, and the determination time point is defined as a time offset before the first symbol of one transmission. 
Note: The time offset used for applying dynamic power sharing scheme should depend on UE capability.
Proposal 4: Prioritize URLLC uplink channels and signals for transmission power reductions. 
Proposal 5: Determine the prioritization rule for all uplink channels and signals across MCG and SCG for transmission power reductions in Rel-16.
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