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1. Introduction
In RAN1 #96bis meeting, semi-static and dynamic power sharing schemes were discussed with the following summary [1].
For semi-static power sharing, if supported, the possible candidates are considered for semi-static power sharing scheme:

· The UE’s maximum allowed power P_tot is configured semi-statically between the two cell groups such that P_max_MCG + P_max_SCG <= P_tot. 
· The UE determines the maximum transmission power in a PUSCH transmission occasion as follows:   

· Alt.1

· The maximum transmit power per group is restricted by the configured maximum power of the each group.

· Alt. 2 

· The maximum transmit power per group is restricted by the configured maximum power of the same group except for the case that the UE is certain that no uplink transmission is possible on the other cell group on the overlapping symbols by relying on the semi-statically indicated symbol directions. In such a case, the maximum transmit power of a cell group can be increased.

· Alt.3 

· A UE is semi-statically configured with a TDM pattern configuration providing three sets of slots:

· On the first set of slots, the maximum configured power for the MCG and SCG are given such that P_max_MCG + P_max_SCG <= Ptot.

· On the second set of slots, all available power is allocated to the MCG, i.e., P_max_MCG = P_tot.

· On the third set of slots, all available power is allocated to the SCG, i.e., P_max_SCG = P_tot.
· If a total UE transmit power for UL transmissions within a CG exceeds the maximum transmission power for the CG as determined above, UE allocates power to UL transmissions according to the following priority order 

· Alt.1: Following the uplink power control scheme of Rel. 15 NR CA

· Alt.2: Introducing new priority scheme(s) 

· Candidate-1: To maintain a constant transmission power of a channel/signal in a CG.

· Candidate-2:  To account for the URLLC (or such high reliability) or random-access procedure, different PUCCH formats or PUSCH types

· FFS: Support semi-static power sharing in both synchronous and asynchronous NR-DC cases or asynchronous NR-DC only or synchronous NR-DC only.
For dynamic power sharing, if supported, the following is considered for dynamic power sharing schemes for NR DC: 

· Alt.1: 

· If a total UE transmit power for UL transmissions exceeds the maximum transmission power determined above, UE allocates power to UL transmissions according to the following priority order 

· Alt.1-1: Reuse the channel priority order defined for Rel-15 CA case 2.  

· Alt.1-2: Introducing new priority scheme(s) 

· Candidate-1: To maintain a constant transmission power of a channel/signal in a CG.

· Candidate-2: To additionally consider the URLLC (or such high reliability) or random-access procedure, different PUCCH formats or PUSCH types

· Alt.1-3: The sum transmit power per cell group is calculated independently. In case the UE is power limited, the sum power of SCG is scaled down. The sum power of MCG and SCG is then distributed across their channels by following the Rel. 15 NR CA within each CG independently.

· FFS: UE is configured with maximum available power for each cell group, e.g., P_max_MCG, P_max_SCG and P_max_MCG + P_max_SCG > P_tal_max. 

· FFS how to handle the case where the UE is not power-limited for transmitting PUCCH, but it is limited for transmitting PUSCH with UCI.

· Alt.2: 

· UE is configured with transmit power limits P_limit_CG1 applicable to CG1 and P_limit_CG2 applicable to CG2.

· To compute the transmit power for CG1 UL transmission starting at time T0, 

· UE checks for PDCCH(s) received before time T0-T_offset that trigger an overlapping CG2 UL transmission, and if such PDCCH(s) are detected, UE limits it’s transmit power in CG1 (pwr_CG1) such that pwr_CG1 <= P_limit_CG1; 

· UE also checks (based on RRC parameters) if any possible overlapping CG2 UL transmissions can be triggered by PDCCH(s) after T0-T_offset, and if such overlapping CG2 UL transmissions are possible, UE limits it’s transmit power in CG1 (pwr_CG1) such that pwr_CG1 <= P_limit_CG1;

· Otherwise, P_limit_CG1 is not applied and UE transmit power for the CG1 UL transmission can be up to ‘full power’ allowed by RAN4 requirements

· T_offset can be similar to the T_proc specified in Rel15 for UCI multiplexing related UE procedures.

· If NW configures P_limit_CG1 and P_limit_CG2 such that P_limit_CG1+P_limit_CG2 > P_limit_total, and if pwr_CG1+ pwr_CG2> P_limit_total, UE scales down transmission power of SCG transmission(s) such that UE transmission power across MCG and SCG does not exceed P_limit_total.

· Note: if NW configures P_limit_CG1 and P_limit_CG2 such that P_limit_CG1+P_limit_CG2<= P_limit_total, the above SCG scaling behavior is not required.

· P_limit_total is the power limit for all transmissions in both CG1 and CG2 and will be defined in RAN4
· Alt.3: 

· UE is configured with a minimum guaranteed power for MCG and SCG separately. 

· To compute the transmit power for CG1 UL transmission starting at time T0, a UE considers a power for later scheduled overlapping transmissions T0-T_offset, 

· FFS on T_offset (e.g. subject to the same timelines as for determining a channel among overlapping channels for UCI multiplexing in Rel-15)

· Alt.3-1: 

· A power limited UE applies Rel-15 CA power allocation prioritization rules for transmissions in different CGs. In case of a same prioritization, power allocation is prioritized for transmissions on the MCG. 

· FFS for URLLC, different PUCCH formats or PUSCH types

· Alt.3-2: 

· For power determination of any given UL transmission on a CG in NN-DC, the UE does not adjust power to “past” UL transmission, and allocates remaining power for the higher-priority “concurrent” UL transmissions, while respecting the minimum guaranteed power (MGP) limits. Once the transmit power for a transmission is decided, the UE will not re-calculate/re-adjust the transmit power based on upcoming transmission (regardless of priority levels).

· Alt.4: 

· Two types of power ratios can be configured for each CG

· Low power ratio L is used for guaranteeing the minimum residual power 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

· Defining a “cut-off” time of look-ahead operation as an offset before the first symbol T0 of one uplink transmission

· Determine the CG prioritization by RRC time pattern or by the dynamic UL grant information. 

· If MCG is prioritized, the high power ratio for MCG is max {H_SCG , 1-H_SCG } and the high power ratio for SCG is min {H_SCG , 1-H_SCG };

· If SCG is prioritized, the high power ratio for MCG is min {H_MCG , 1-H_MCG } and the high power ratio for SCG is max {H_MCG , 1-H_MCG };

· Alt.5: 

· Reuse the principle of the uplink power sharing scheme of EN-DC:

· MCG has a higher priority than SCG
· FFS: Support DPS in both synchronous and asynchronous NR-DC cases or synchronous NR-DC only. 

· FFS: Maintain a constant transmission power of a channel/signal in a CG in power limited case.

· FFS: Account for the URLLC (or such high reliability) or random-access procedure, different PUCCH formats or PUSCH types for defining priority order for power limited case. 

This contribution presents our views on semi-static and dynamic power sharing for both synchronous and asynchronous NN-DC (FR1+FR1). 
2. Discussion
For NN-DC semi-static power sharing, it is easier to be implemented by the way of power hard splitting, which is favorable to UE implementation. On the other hand, although dynamic power sharing may impose challenges for UE implementation, it is beneficial for better network coverage and transmission stability. However, unlike EN-DC or NE-DC, it is more feasible to achieve dynamic power sharing for NN-DC, as it is easier to dynamically coordinate power allocation among CGs. Therefore, as a compromise, a unified power control framework, similar to the EN-DC and NE-DC power sharing mechanism, can be considered to support both semi-static and dynamic power sharing by defining a set of common higher layer parameters.
Proposal 1:

· For NN-DC power control within the same frequency range, both dynamic and semi-static power sharing are supported by using a set of common higher layer parameters.
For semi-static power sharing, the key feature among different alternatives is depicted in the following Table 1.

Table1. Comparison among different semi-static power sharing alternatives 

	Alternatives
	Signaling
	Increase maximum transmission power

	Alt1
	Define maximum transmission power for each CG, and maximum transmission power for total CGs
	Not support

	Alt2
	
	Support to increase maximum transmission power based on UE implementation

	Alt3
	
	Support to increase maximum transmission power by higher layer semi-statically configures a TDM pattern 


From the comparison in Table1, Alt1 may cause coverage issue from network deployment point of view, while Alt2 and Alt3 can prevent coverage issue in some scenarios. Besides, Alt3 requires same SCS and same frame structure for different CGs, which will limit the use case of semi-static power sharing. Consequently, Alt2 is slight preferred.
For power control in each CG, the uplink power control scheme of Rel-15 NR CA should be supported as a baseline. In addition, the impact of different service types to the whole power control framework should be further studied in Rel-16 URLLC enhancement agenda rather than in NN-DC power control agenda.
Since timeline alignment is more difficult in asynchronous case, it is implementation-friendly to apply semi-static power sharing to maintain communication reliability. Semi-static power sharing may cause coverage loss for cell edge users, but it is beneficial to increase throughput for cell central users. Even in synchronous case, due to different numerologies, different transmission durations, and different timing offsets are supported in NR, there is hardly any difference between asynchronous and synchronous NN-DC comparing to LTE DC. Consequently, semi-static power sharing also can be applied to synchronous NN-DC case. If semi-static power sharing is supported for both cases, gNB has the flexibility to configure either semi-static power sharing or dynamic power sharing by implementation.
Proposal 2:

· For NN-DC semi-static power control within the same frequency range,
· When the UE determines that there is a possible uplink transmission in other CG, the maximum transmission power of each CG is restricted by the configured maximum transmission power of each CG. Otherwise, the maximum transmission power of each CG is the UE maximum transmission power.
· Support to reuse Rel-15 CA power control priority rules for each CG. 
· Both asynchronous and synchronous cases are supported.
For dynamic power sharing, the key features among different alternatives are listed in the following Table 2.

Table2. Comparison among different dynamic power sharing alternatives 
	Alternatives
	Signaling
	Priority rules
	Power look-ahead

	Alt1
	Alt1-1
	Define maximum transmission power for each CG, and maximum transmission power for total CGs
	Reuse Rel-15 CA priority rules
	Not require

	
	Alt1-2
	
	Additionally introduce new priority rules, e.g. for different services
	

	
	Alt1-3
	
	Prioritize MCG transmission, and reuse Rel-15 CA priority rules for each CG
	

	Alt2
	Define limited transmission power for each CG, and limited transmission power for total CGs
	Prioritize MCG transmission
	Require power look-ahead within a time window

	Alt3
	Alt3-1
	Define minimum guarantee power for each CG
	Reuse Rel-15 CA priority rules for different CGs, and prioritize MCG transmission in the case of same priority
	Require power look-ahead within a time window

	
	Alt3-2
	
	Prioritize the ongoing transmission
	

	Alt4
	Define minimum guarantee power and maximum transmission power for each CG
	Determine by network indication
	Require power look-ahead within a time window

	Alt5
	-
	Prioritize MCG transmission
	-


From the comparison in Table2, Alt1 is the only approach that enables a common power control framework for both semi-static and dynamic power sharing. Alt2, Alt3 and Alt4 require power look-ahead to resolve the phase discontinuity issue due to power changing in the middle of transmission, which not only increases the UE processing complexity, but also causes link adaptation problem. Moreover, even without the power-look ahead mechanism, this phase discontinuity issue can still be solved or avoided by network scheduling. As different numerologies, different transmission durations, different timing offsets, and partial overlapping may exist in different CGs, they make power look-ahead behavior more complicated. Therefore, Alt1 is preferred. Given that the timeline mismatch issue exists in different CGs regardless of asynchronous or synchronous case, dynamic power sharing can be applied for both cases, either.
Proposal 3:

· For NN-DC dynamic power sharing within the same frequency range, 

· The UE is configured a maximum power P_MCG_Max for MCG and a maximum power P_SCG_Max for SCG respectively.

· If P_MCG_Max+P_SCG_Max>P_Total, dynamic power sharing will be used.
· Support to prioritize MCG transmission to perform power scaling or dropping among CGs.
· Support to reuse CA power control priority rules for each CG. 
· Power look-ahead is not required at the UE.

· Both asynchronous and synchronous cases are supported.
3. Conclusion
In this contribution, we present our views on NN-DC power control within same frequency range with the following proposal.

Proposal 1:

· For NN-DC power control within the same frequency range, both dynamic and semi-static power sharing are supported by using a set of common higher layer parameters.
Proposal 2:

· For NN-DC semi-static power control within the same frequency range,
· When the UE determines that there is a possible uplink transmission in other CG, the maximum transmission power of each CG is restricted by the configured maximum transmission power of each CG. Otherwise, the maximum transmission power of each CG is the UE maximum transmission power.

· Support to reuse Rel-15 CA power control priority rules for each CG. 
· Both asynchronous and synchronous cases are supported.
Proposal 3:

· For NN-DC dynamic power sharing within the same frequency range, 

· The UE is configured a maximum power P_MCG_Max for MCG and a maximum power P_SCG_Max for SCG respectively.

· If P_MCG_Max+P_SCG_Max>P_Total, dynamic power sharing will be used.
· Support to prioritize MCG transmission to perform power scaling or dropping among CGs.
· Support to reuse CA power control priority rules for each CG. 
· Power look-ahead is not required at the UE.

· Both asynchronous and synchronous cases are supported.
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