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Introduction
In RAN1#98, the semi-static and dynamic power sharing  by feature lead in [1] with the following agreements,
Agreements:
· Adopt Alt.1-2 and Alt.2 for semi-static power sharing for NR-NR DC.
· Alt.1-2 is only subject to configured maximum transmission power defined by RAN4 
· Configuration between Alt.1-2 and Alt.2 is supported.
· FFS: add more clarification
· FFS: applied for synchronous DC only or applied for both synchronous and asynchronous DC (which may be the same or different for Alt.1-2 and Alt. 2)    
Agreements:
· For semi-static power sharing for NR-NR DC
· Virtual PHR for active CCs of another CG

Agreements:
For dynamic power sharing for NR-NR DC (if supported), 
· Virtual PHR for active CCs of another CG
Agreements:
· Support dynamic power sharing 
· If there is no overlapping transmission, maximum power on CGi is determined by RAN4 spec without considering P_CG_i.
· If there is overlapping transmission, maximum power on CGi is limited to P_CG_i.
· Note: “look-ahead” operation is included as a UE capability below
· In case of power limitation, MCG is prioritized over SCG and reuse CA rule within each CG 
· Optional UE capability to indicate the support of dynamic power sharing operation 
· Separate optional UE capability to indicate the support of ’look-ahead’ operation on condition that UE indicates support of dynamic power sharing operation. 

In this contribution, we discuss the power sharing and UL power control for NR DC.  

UL Power Control for NR DC

The power control for NR DC is to control the UL total Tx power from MCG and SCG.  Each cell in the cell group would perform the power control independently with the configured maximum power of the cell PCMAX,c.  The UL maximum power PCMAX,c for each cell group would take other cell’s Tx power into account as the MPR/A-MPR.   The UL power control for NR-DC follows NR power control formula of each component carrier based on fractional power control principle.   When the sum of the total UL Tx power from all cell groups exceeds the maximum power of the configured power for the technology, such as P_NR, or UE power class, the Tx power would be scaled.  The Tx power would be scaled only on the portion of the total power exceeding the maximum Tx power with the power scaling rule.   Alt 1-2 and Alt 2 in the following were agreed in RAN1#98bis for semi-static power sharing in NR DC.   
· Alt.1-2: For the uplink 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 in MCG such that ; 
· Otherwise (i.e. collides with only semi-static ‘DL’ symbols on all CCs of SCG),  can be up to  and   can be up to   .
·  and   are determined by RAN4 requirement. 
· Alt.2: For the uplink transmission in MCG and in SCG, UE limits its actual transmission power  to be up toand   to be up to 

The semi-static power sharing is to partition the power to PCG and SCG with the total power less or equal to the total power for NR-DC.   The semi-static power sharing will cut down the maximum power to less than the total power for NR-DC and have the results of reducing the UL coverage and peak data rate for both PCG and SCG.   Two alternatives were agreed in RAN1#98 for semi-static power sharing to be further studied for down selection.  Alt 2 is the fixed partition of max power for MCG and SCG with the sum of the total maximum power smaller than the total power of NR-DC.   Alt 1-2 sets the hard power partition when CCs in MCG and SCG have overlapped UL or flexible symbols.  When the UL symbols CCs overlapped with DL symbols of other CG, the power partition could be relaxed with additional power either specified by RAN4 requirements.  When UL symbols overlapped with DL symbols of other CG, the transmit power should not be affected.  A full power transmission should be possible.  
In NR, cells within a cell group or between cell groups might have different slot formats with the fractional overlapped UL symbols as shown in Figure 1.   In Figure 1, the fractional overlap between MCG and SCG applies to both synchronous and asynchronous cases due to different slot format.     For cell groups with different numerologies, the slot length would be different as shown in Figure 2.  The UL total Tx power could vary when CGs with different numerologies are transmitted in the same time.  Since the Tx power control is independent configured the PCMAX,c for each CC, the UL total Tx power might exceed the total output power of the UE power class in the specific band.  UE has to scale down the  UL Tx power when the total output power over the power class of the specific band.      

Proposal 1:  Semi-static power sharing between MCG and SCG in NR-DC applies to both synchronous and asynchronous NR DC. 



[bookmark: _Ref498633323]Figure 1: MCG and SCG have same numerology but different slot formats in synchronous and asynchronous NR DC



[bookmark: _Ref498633391]Figure 2: MCG and SCG have differnt numerologies in both synchronous and asynchronous NR DC

For dynamic power sharing, the power control is to determine the power scaling rule when the UL total Tx power exceeds the configured maximum power.  There are proposals to have the minimum reserved power or maximum transmit power per some cell group.  The setting of the minimum reserved power or maximum transmit power violates the principle of UL power control.  UL power control is to set the Tx power in meeting the target SINR   The minimum reserved power per cell provides the guarantee small amount of power for a cell group.  The minimum reserved power still can not provide sufficient UL power for a given UL transmission in meeting the target SINR.   The Tx power is still set following the power control formula.   Thus, the minimum reserved power does not have any effect in control the UL interference to the neighoring cells and meeting the target SINR in successful UL transmission.   The maximum transmit power set the limit of the transmit power for each cell.  This also reduces the UL coverage and peak data rate of specific cell.  Thus, the dynamic power sharing with the minimum reserved power or maximum transmit power should not be considered in NR-DC.

Dynamic power sharing among MCG and SCG were agreed in RAN1#98bis as follows,
· Support dynamic power sharing 
· If there is no overlapping transmission, maximum power on CGi is determined by RAN4 spec without considering P_CG_i.
· If there is overlapping transmission, maximum power on CGi is limited to P_CG_i.
· Note: “look-ahead” operation is included as a UE capability below
· In case of power limitation, MCG is prioritized over SCG and reuse CA rule within each CG 
· Optional UE capability to indicate the support of dynamic power sharing operation 
· Separate optional UE capability to indicate the support of ’look-ahead’ operation on condition that UE indicates support of dynamic power sharing operation. 


The UL total TX power for NR-DC would be determined by the alignment of the UL transmission from all cell groups.  The alignment of the UL transmissions among CGs would depend on the slot synchronization, the numerology, and the slot format.  Dynamic power sharing among component carriers are the baseline assumptions with the configured maximum power PCMAX,c  with maximum power limit on CGi  at PCG_i  when there is overlapped transmission.  
In NR DC, each component carrier would calculate the Tx power independently based on the power control formula and configured component maximum power PCMAX,c for each CC of MCG and SCG.  If there is overlapped transmission among CGs and the sum of Tx power from all CGs is not over the total maximum power, no power scaling is needed.  In most cases, the power scaling is not needed.   The UE output power might be contributed from Tx power of one CG at some OFDM symbols and more than one CG at other OFDM symbols.  The total power in some OFDM symbols might be over the maximum power of the UE power class due to the sum of Tx power from multiple cells from same or different CGs.    

The timeline of the UL Tx power calculation starts from the decoding of UL grant from PDCCH of each CC.  The UL grant will send to the UL Tx controller at UE to configuration of the UL transmission to the UL baseband processor for each CC.  In the mean time, the UL Tx controller computes the Tx power based on the power control formula for the given UL grant (each CC).   For NR-DC, the UL grants from different CGs might receive at different time regardless synchronous or asynchronous NR DC as shown in Figure 3.   The look-head window in Figure 3is the time difference of UL grant reception between CGs.     When UL transmission is scheduled for more than one CC to transmit, the UL controller will calculate the sum of the Tx power of all CCs.   UE needs to scale down the Tx power to prevent the signal distortion from Tx power amplifier if there is a portion of the Tx power within the slot exceeding the maximum power of power amplifier.    If the UE output power at some OFDM symbols exceeds the maximum power of the UE power class, the power scaling would be performed for the whole slot of UL transmission of the selected CC.   The transmit power scaling is the UE implementation based on the prioritization rule of each channel.   The UL controller will deliver the Tx power of each CC at the time just before the scheduled UL transmission.   The Toffset is the required processing time for UE to compute the sum of Tx power and to scale down the transmit power in a given CC.  The Toffset  is generally very small and in the range of ns.   

[image: ]
[bookmark: _Ref21033206]Figure 3:  Timing of UE receiving UL grant and Tx power setting/scaling


Proposal 2: If the UE output power at some OFDM symbols exceeds the maximum power of the UE power class, it would be UE implementation choice of scaling the UL Tx power on one or more UL channels based on the power scaling rule.  The look-ahead window is an UE implementation and should not be specified in the specification.   


Conclusion
In this contribution, we the power control for NR DC.  The power control of each cell of any CG would be based on the Rel-15 power control of individual cell with configured maximum power of the cell.  The power sharing among cells from different cell groups for NR DC would be based on power overbooking principle.  The maximum Tx power PCMAX,c of each component carrier could be configured at the maximum power of the UE power class of specific band.   The Tx power could be dynamically shared among component carriers to fully utilize the UE power.   We have the following proposal:
· Proposal 1:  Semi-static power sharing between MCG and SCG in NR-DC applies to both synchronous and asynchronous NR DC. 
· Proposal 2: If the UE output power at some OFDM symbols exceeds the maximum power of the UE power class, it would be UE implementation choice of scaling the UL Tx power on one or more UL channels based on the power scaling rule.   The look-ahead window is an UE implementation and should not be specified in the specification.   
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