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1 Introduction
In email discussion 108#15 [1], RAN2 made some progress in power control in NR-DC. However, we still have the following FFS to be addressed:

FFS: Whether NR-DC-PC-mode needs to be indicated to the SN should be further discussed.
In this contribution, we provide our view on this issue. 
2 Discussion  
2.1 Background

Based on the outcome of email discussion 108#15 [1], the agreed signalling procedure can be illustrated below.
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Figure.1 Procedure of NR-DC power control
The key points of the procedure can be summarized below: 

· Basic procedure of EN-DC power control is reused, i.e. MN determines max power in MCG, and SN determines max power in SCG. 

· The MN determines the power control mode and sends power coordination information to SN including its suggested maximum power in MCG, SCG and total UE power. 
· The SN can negotiate with MN to increase its max power in SCG via CG-Config.  
· MN indicates power control mode to UE. It is still FFS whether power control mode is required to be sent from MN to SN for coordination. 
Observation 1: Basic procedure of EN-DC power control is reused, i.e. MN determines max power in MCG, and SN determines max power in SCG. 

Observation 2: MN indicates power control mode to UE. It is still FFS whether power control mode is required to be sent from MN to SN for coordination. 

As side information, RAN1 agreed 3 power control mechanisms: 2 semi-static power control and 1 dynamic power control:
	Agreements on semi-static power control:
It was agreed in RAN1#98bis to consider the following Alt.1-2 and Alt.2 for semi-static power sharing with [image: image3.png]Bucc + Pscc < Protar~



:

· Alt.1: For the UL transmission in MCG, the UE checks the semi-statically configured direction of the overlapping symbols of all serving cells of SCG, and vice versa.

· If such overlapping with UL transmission on the SCG is possible (i.e. collides with semi-static ‘UL’ and ‘flexible’ symbols on some CCs of SCG), UE limits its actual transmission power [image: image5.png]


 in MCG such that [image: image7.png]


; 

· Otherwise (i.e. collides with only semi-static ‘DL’ symbols on all CCs of SCG), [image: image9.png]
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.

· Alt.1-2: [image: image17.png]
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 are determined by RAN4 requirement. 

· Alt.2: For the uplink transmission in MCG and in SCG, UE limits its actual transmission power [image: image21.png]
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.


	Agreements on dynamic power control:
· For NR-DC dynamic power sharing, to compute the transmit power for SCG UL transmission starting at time T0,
· UE checks for PDCCH(s) received before time T0-T_offset that trigger an overlapping MCG UL transmission, and 

· If such PDCCH(s) are detected, UE sets it’s transmit power in SCG (pwr_SCG) such that pwr_SCG <= min{PSCG, Ptotal – MCG tx power} where ‘MCG tx power’ is the actual transmission power of MCG

· Otherwise, pwr_SCG <= Ptotal;  

· UE does not expect to be scheduled by PDCCH(s) received on MCG after T0-[T_offset] that trigger(s) MCG UL transmission(s) that overlaps with the SCG transmission.  
· (working assumption) No new RRC signaling is introduced for T_offset: 

· Alt.1: T_offset <= T_proc,2

· Alt.2: T_offset <= 2*T_proc,2

· Alt.3: T_offset reasonbly larger than Alt 1. & Alt 2 but <=4ms


Observation 3: The power control mode IE can indicate 2 semi-static power control and 1 dynamic power control 
In our understanding, SN needs to distinguish at least whether MN sets dynamic or semi-static power sharing, so that it can correctly request MN to increase the max SCG power. As we know, if semi-static power control is selected, the SN can only set the max SCG power such that the total UE power is not exceeded. While if dynamic power control is selected, the SN can select the max SCG power such that the sum of MCG and SCG power exceeds the total UE max power. In a simple word, how the SN sets the max SCG power depends on whether power control is dynamic or semi-static. Thus, SN needs to know the power control mode.
Observation 4: SN needs to know whether power control is dynamic or semi-static because it will determine whether SN can set the max SCG power such that the sum of MCG and SCG power exceeds the total UE max power. 

In EN-DC power control, whether the power control is dynamic or semi-static can be implicitly derived by SN via checking whether p-maxEUTRA + p-maxNR-FR1 > p-maxUE-FR1. Specifically:

· If p-maxEUTRA + p-maxNR-FR1 > p-maxUE-FR1, it is dynamic power control. 
· Otherwise (if p-maxEUTRA + p-maxNR-FR1 ≤ p-maxUE-FR1), it is semi-static power control. 
Observation 5: In EN-DC power control, whether the power control is dynamic or semi-static can be implicitly derived by SN via checking whether p-maxEUTRA + p-maxNR-FR1 > p-maxUE-FR1. Specifically, if p-maxEUTRA + p-maxNR-FR1 > p-maxUE-FR1, it is dynamic power control. Otherwise (if p-maxEUTRA + p-maxNR-FR1 ≤ p-maxUE-FR1), it is semi-static power control. 

However, in NR-DC power control, the above implicit rule is not valid anymore. It is possible that p-maxNR-FR1-MCG + p-maxNR-FR1 ≤ p-maxUE-FR1 when dynamic power control is set by MN. Then in this case, SN can’t distinguish whether MN sets dynamic or semi-static power sharing via CG-ConfigInfo. 
Observation 6: Difference from EN-DC power control, it is possible that p-maxNR-FR1-MCG + p-maxNR-FR1 ≤ p-maxUE-FR1 when dynamic power control is set by MN in NR-DC power control. In this case, SN can’t distinguish whether MN sets dynamic or semi-static power sharing via CG-ConfigInfo. 

Thus, we propose that power control mode IE needs to be sent from MN to SN in CG-ConfigInfo.
Proposal 1: IE NR-DC-PC-mode is sent from MN to SN in CG-ConfigInfo message so that SN can distinguish whether MN sets dynamic or semi-static power sharing. 

Meanwhile, if semi-static power control solution Alt 1-2 is selected, basically it means that if all the symbols in MCG cells are DL, then SCG can get full power. So, in our understanding, if SN can also know the semi-static TDD pattern of MCG, then SN scheduler can take into account when the UE can allocate larger power to SCG transmissions. Therefore, it can improve SCG UL performance, compared with the case where SN considers TX power is simply split between MCG and SCG.
Observation 7: If semi-static power control solution Alt 1-2 is selected, SCG UL performance can be improved if SN can also know the semi-static TDD pattern of MCG because SN scheduler can take into account when the UE can allocate larger power to SCG transmissions.
Therefore, we propose that the semi-static TDD pattern of MCG can be optionally included in CG-ConfigInfo when semi-static power control Alt 1-2 is set by MN.
Proposal 2: The semi-static TDD pattern of MCG can be optionally included in CG-ConfigInfo message when semi-static power control Alt 1-2 is set by MN. 
3 Summary
In the contribution, we discuss remaining issue of NR-DC power control, i.e. whether NR-DC-PC-mode needs to be indicated to the SN. We propose:  

Observation 1: Basic procedure of EN-DC power control is reused, i.e. MN determines max power in MCG, and SN determines max power in SCG. 

Observation 2: MN indicates power control mode to UE. It is still FFS whether power control mode is required to be sent from MN to SN for coordination. 

Observation 3: The power control mode IE can indicate 2 semi-static power control and 1 dynamic power control 

Observation 4: SN needs to know whether power control is dynamic or semi-static because it will determine whether SN can set the max SCG power such that the sum of MCG and SCG power exceeds the total UE max power. 

Observation 5: In EN-DC power control, whether the power control is dynamic or semi-static can be implicitly derived by SN via checking whether p-maxEUTRA + p-maxNR-FR1 > p-maxUE-FR1. Specifically, if p-maxEUTRA + p-maxNR-FR1 > p-maxUE-FR1, it is dynamic power control. Otherwise (if p-maxEUTRA + p-maxNR-FR1 ≤ p-maxUE-FR1), it is semi-static power control. 

Observation 6: Difference from EN-DC power control, it is possible that p-maxNR-FR1-MCG + p-maxNR-FR1 ≤ p-maxUE-FR1 when dynamic power control is set by MN in NR-DC power control. In this case, SN can’t distinguish whether MN sets dynamic or semi-static power sharing via CG-ConfigInfo. 

Observation 7: If semi-static power control solution Alt 1-2 is selected, SCG UL performance can be improved if SN can also know the semi-static TDD pattern of MCG because SN scheduler can take into account when the UE can allocate larger power to SCG transmissions.
Proposal 1: IE NR-DC-PC-mode is sent from MN to SN in CG-ConfigInfo message so that SN can distinguish whether MN sets dynamic or semi-static power sharing. 

Proposal 2: The semi-static TDD pattern of MCG can be optionally included in CG-ConfigInfo message when semi-static power control Alt 1-2 is set by MN. 
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