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Introduction
In RAN1#96, the semi-static and dynamic power sharing were discussed without any conclusion.  The same issue was discussed in an official email discussion following the meeting. 
In RAN1#96bis, power control for NR DC was not discussed with the following summary [14] for both semi-static power sharing and dynamic 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 [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.

[bookmark: _GoBack]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

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.      
In LTE, the power scaling rule for the dual connectivity is to protect the MCG with the guarantee power and scale other component carriers.   The power scaling rule in LTE also consider the UL subframe alignment among component carriers.   The LTE PCM-1 and PCM-2 power controls are designed for synchronous and asynchronous dual connectivity, respectively.   The PCM-1 power control for synchronous dual connectivity in LTE is to have the UL subframes from all CGs fully aligned.   The power scaling rule for PCM-1 in LTE is to scale the whole subframe of the unprotected/de-prioritized CGs when the total power exceeds the power limit.  For LTE PCM-2, the power scaling applies to the portion of the subframes, which the subframes are overlapped among cell groups.  
Both semi-static and dynamic power sharing were discussed in both synchronous and asynchronous NR-DC operation.   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.   The negative effects of semi-static power sharing will make the NR-DC function less attractive.   

Proposal 1:  Semi-static power sharing between PCG and SCG is not supported in 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.
Proposal 2:  The dynamic power sharing with the minimum reserved power or maximum transmit power should not be considered in NR-DC

For dynamic power sharing, 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.   The slot synchronization between MCG and SCG would depend on whether the gNB are synchronized and the cell sizes in the NR-DC deployment.  If the gNBs are synchronized and the cell size is small, the UL slots could be aligned between MCG and SCG.    The power could be scaled with the assumption of slot alignment based on the power scaling rule when total power exceeds the maximum Tx power limit for synchronous NR DC deployment.   For asynchronous NR DC deployment, the power control would scale the UL Tx power on the portion of the slots exceeding the maximum configured power.   
NR supports different numerologies and slot formats at different carrier when multiple carriers are configured with dual connectivity.  Even the slot is aligned in the synchronous NR DC deployment,  each cell group might have different slot format, which the number of UL symbols within a slot could be different even all component carriers have same numerology as shown in Figure 1.  When multiple CGs are scheduled to transmit PUSCHs, the number of symbols for PUSCH in each CG could be different.   Thus, the total Tx power could vary among symbols within a slot when multiple PUSCH from different CGs are transmitted with same numerology.   


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

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.      




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

Dynamic power sharing among component carriers are the baseline assumptions with the configured maximum power PCMAX,c for NR based on the overbooking principle.  The maximum Tx power PCMAX,c for each cell from each CG can be individually configured up to the maximum power for the UE power class of the specific band  for dynamic power sharing among carriers in aggregation.    Each component carrier would have the Tx power controlled independently based on the configured component maximum power PCMAX,c if the sum of Tx power from all CGs is not over the total maximum power.  Due to different slot formats and numerologies as shown in Figure 1 and Figure 2, 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.  UE needs to scale down the Tx power of those OFDM symbols to meet the requirements and prevent the signal distortion from Tx power amplifier.     Since multiple PUSCH transmissions from MCG and SCG are independently scheduled by two gNBs, the gNB scheduler could not take into account the slot format and numerologies among scheduled PUSCH transmissions in NR DC to avoid the total Tx power exceeding the maximum power of the UE power class over all symbols.    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 transmit power with the power scaling rule based on the prioritization of each channel.   

In RAN1#91, the power control for NR CA was agreed as follows,
Agreement
· In Case 1, (CCs/uplinks configured for UE have same numerology and overlapping transmissions between different CCs/uplinks with same starting time and same PUSCH/PUCCH transmission duration and one or two PUCCH group(s)), when the UE is power limited due to simultaneous transmission on multiple serving cells,
· PRACH of PCell > PUCCH/PUSCH with ACK/NACK and/or SR > PUCCH/PUSCH with other UCIs > PUSCH w/o UCI > SRS/PRACH of SCell
· Within a same priority level, PCell is prioritized over SCell.
· In case that transmission power exceeds Pcmax, Scaling/dropping is applied to the lowest priority first until the aggregated power is within Pcmax. Exact scaling or dropping is left to UE implementation.
· Note: different priority of SRS used for carrier switching can be discussed further. 

Working  Assumption
· In Case 2, (CCs/uplinks configured for UE have same or different numerologies and partially overlapping transmissions between different CCs/uplinks and same/different transmission duration and one or two PUCCH group(s)), when the UE is power limited due to simultaneous transmission on multiple serving CCs/uplinks,
· PRACH of PCell > PUCCH/PUSCH with ACK/NACK and/or SR > PUCCH/PUSCH with other UCIs > PUSCH w/o UCI > SRS/PRACH of Scell
· Within a same priority level, PCell is prioritized over Scell
· In case that transmission power exceeds Pcmax, Scaling/dropping is applied to the lowest priority first until the aggregated power is within Pcmax.
· Note: different priority of SRS used for carrier switching can be discussed further
· Scaling or dropping of the whole or part(s) of a transmission is left to UE implementation.
· Note: If the aggregated transmission power does not exceed Pc_max within any part of a transmission that overlaps with other transmission(s), the transmission is considered as non-power limited case.
· Note: power control with look-ahead is not required at UE.


If the UE output power at some OFDM symbols exceeds the configured maximum power, 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 physical channel priority used for NR CA power scaling should be reused for NR DC

Proposal 3: 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 physical channel priority used for NR CA power scaling should be reused for NR DC


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 PCG and SCG is not supported in NR-DC. 
· Proposal 2:  The dynamic power sharing with the minimum reserved power or maximum transmit power should not be considered in NR-DC
· Proposal 3: 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 physical channel priority used for NR CA power scaling should be reused for NR DC  
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