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1 Introduction
[bookmark: _Hlk510705081]In the last RAN1 meeting, feature lead (FL) summarize the proposals on uplink power control for NR-NR DC in [1]. It was concluded that companies are encouraged to check the alternatives listed in [1] and use them as the reference to provide further analysis. Our view on the alternatives are described in this contribution.

2. Discussion
2.1 Semi-static power sharing scheme 
The following alternatives are summarized by FL for semi-static power sharing scheme. 
	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 [12]
· 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. 



On a semi-static PUSCH transmission power schemes, alt.1 is really semi-static nature of the scheme in our view. Alt 2 and alt.3 uses only semis-static information but the power limitation can vary slot to slot. In this sense, the characters are similar to dynamic power sharing scheme but only to use semi-static information. Therefore, our view is to decide dynamic power sharing scheme first. Then using the same framework of the design, whether the scheme only to use semi-static information like alt 2 or alt 3 are supported or not would allow the common framework design between semi-static and dynamic power sharing. Alt 1 behaviour should be always possible by the gNB operation in our view regardless of what conclusion of power control scheme. This is useful when no dependency to the other cell is identified by the network. Then our proposal is following.
Proposal 1: Semi-static power sharing scheme Alt.1 behaviour should be allowed as the configuration regardless of what conclusion of the power control scheme.
Proposal 2: Dynamic power sharing scheme should be concluded first. Then using the same framework, the options only to use semi-static information like semi-static power sharing scheme alt 2 or alt 3 should be discussed.

On the behaviour when a CG exceeds the maximum transmission power for the CG, our understanding of alt.1 is UE can change the power in the middle of a channel. If this happens, higher order modulation like 16QAM or more and SU-MIMO can be the issue on the receiver as the power can be different between DMRS symbol and the other symbols. In non-DC, the gNB is able to know the power limitation status and more possibility to avoid such situation. Therefore, Rel.15 NR CA accepted such operation. On the other hand, in DC, to reach maximum transmission power can be more frequent as one base station does not know the other base station's scheduling behaviour. Therefore, to maintain constant transmission power of a channel/signal in a CG is essential. On the other hand, such rule can be relaxed in case the other CG is random access or URLLC like high reliability transmission. Therefore, we propose following.
Proposal 3: Basic principle is to maintain constant transmission power of a channel/signal in a CG. In case the other CG is random access or URLLC like high reliability transmission, UE is not required to respect this principle. 

2.2 Dynamic power sharing (DPS)
The following alternatives are summarized by FL for dynamic power sharing scheme. 
	
If supported, the following is considered for dynamic power sharing schemes for NR DC: 
· Alt.1: [3][4][6][8]
· 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: [11]
· 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: [2][7][9][10]
· 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: [2][7][9]
· 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: [10]
· 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: [5]
· 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. 




On dynamic power sharing schemes, our view on alternatives are following.
In Alt.1, our understanding is the scheme for CA is used also for DC. In this scheme, if the other CG transmit higher priority information, the power for the first CG may be completely non-available. Therefore, it can have the issue on to keeping the link quality. The power for PUCCH or the power for PUSCH of RRC message are not protected. Therefore, we don't recommend to take this alternative.
In alt 2, 3 and 4, although the way of the expression is different, three alternatives uses minimum guaranteed power for MCG and SCG, i.e. regardless of the other CG's activity, certain power is kept for the first CG. To keep the link quality and to reserve the power for PUCCH or the power for PUSCH of RRC message, we propose the scheme using the minimum guaranteed power should be used.
Among alt 2, 3, 4, the difference lies on how look-ahead operation is used and how much information is shared among CGs in a UE. By using look-ahead and using the other CG's scheduling information, more optimized power control is possible but the merit to do so is a bit unclear as the gain depends on the other CG's scheduling operation. Therefore, we don't see so much need on look-ahead operation. In addition, to mandate look-ahead operation makes the specification more complex.
In alt 3-2, the operation to maintain constant transmission power of a channel/signal is described when a channel/signal is already sent. This operation is necessary for higher order modulation like 16QAM or more and SU-MIMO after once the channel/signal is sent. Therefore, this principle is taken.
In alt 5, MCG has always higher priority and there are issues on the link quality on SCG and non-constant power of a channel/signal. Therefore, we don't recommend taking this.
Based on the above discussion, we propose following.
Proposal 4: To use minimum guaranteed power principle, i.e. regardless of the other CG's activity, certain power is kept for the first CG should be used.
Proposal 5: Once power is determined, constant transmission power of a channel/signal in a CG should be used except the other CG is random access or URLLC like high reliability transmission.

3 Conclusion
We propose following. 
Proposal 1: Semi-static power sharing scheme Alt.1 behaviour should be allowed as the configuration regardless of what conclusion of the power control scheme.
Proposal 2: Dynamic power sharing scheme should be concluded first. Then using the same framework, the options only to use semi-static information like Semi-static power sharing scheme alt 2 or alt 3 should be discussed.
Proposal 3: Basic principle is to maintain constant transmission power of a channel/signal in a CG. In case the other CG is random access or URLLC like high reliability transmission, UE is not required to respect this principle.
Proposal 4: To use minimum guaranteed power principle, i.e. regardless of the other CG's activity, certain power is kept for the first CG should be used.
Proposal 5: Once power is determined, constant transmission power of a channel/signal in a CG should be used except the other CG is random access or URLLC like high reliability transmission.
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