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Introduction
In RAN1#90, dynamic power sharing mechanism between NR and LTE dual connectivity was discussed with the following agreements:
Agreements:
· At least for LTE-NR NSA operation
· Maximum allowed power values for LTE (P_LTE) and NR (P_NR) are set separately
· i.e., when UE is configured for NR, P_LTE can be configured up to P_cmax and  P_NR can be configured up to P_cmax. 
· e.g. P_LTE + P_NR > P_cmax or P_LTE + P_NR = P_cmax
· Signaling details for P_LTE, P_NR are left to RAN2, RAN4.
· Note: ‘P_cmax’ is a limit that is similar to ‘The configured maximum UE output power’ that was specified for LTE.
· Note: The network will still have flexibility to prioritize or reserve certain NR transmission power depending on network implementation
· All UEs are mandated to handle P_LTE + P_NR = P_cmax while handling of P_LTE + P_NR > P_cmax depends on UE capability
· At least, when DL/UL LTE sTTI/reduced UE processing time based operation is not configured for the UE, if total transmit power exceeds P_cmax when there is simultaneous NR and LTE UL tx, 
· For NR, UE scales down/drops NR transmission and NR power scaling details are left to UE implementation (note: it is not intended to have RAN4 test from RAN1 perspective)
· If there are two or more UL carriers, the power scaling or tx dropping can be performed for each of the UL carriers separately or jointly up to UE implementation
· For LTE, no change in power control procedure
· FFS the case when DL/UL LTE sTTI/reduced UE processing time based operation is configured for the UE
· The following is FFS
· The case when P_NR is configured such that P_NR < P_cmax, and UE can use power up to P_cmax in NR when it knows that there will be no UL transmission in LTE by semi-static configuration (e.g., measurement gap, DL/UL configuration)
In this contribution, we discuss the power control issues for NR CA.  

Power Control Mechanism for NR CA

NR supports different numerologies for different carriers when multiple carrier in aggregation.   During NR feature prioritization, it was agreed that same numerology is supported for carriers in aggregation within the same PUCCH group, including both DL and UL, in Rel-15.  The UL maximum power PCMAX,c configured for each component carrier within the same PUCCH group should be the same since they all have same numerology.  However, each component carrier 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 carriers in aggregation are scheduled to transmit PUSCHs, the number of symbols for PUSCH in each component carrier could be different.   Thus, the total Tx power could vary among symbols within a slot when multiple PUSCH are transmitted with same numerology.   


[bookmark: _Ref498633323]Figure 1: CCs with same numerology but different slot formats

For component carriers with different numerologies, the slot length would be different as shown in Figure 2.  The UL total Tx power could vary when component carriers with different numerologies are transmitted in the same time.  Since the Tx power control is independent configured the PCMAX,c for each CC, the total Tx power might exceed the total output power of the UE power class in the specific band.  UE has to scale down the Tx power when the total output power over the power class of the specific band.      




[bookmark: _Ref498633391]Figure 2: CCs with differnt numerologies

Dynamic power sharing among component carriers are the baseline assumptions with the configured maximum power PCMAX,c for each component carrier based on overbooking principle.  The maximum Tx power PCMAX,c for each component carrier 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 component carriers 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 carrier at some OFDM symbols and more than one carrier 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 component carriers.  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 CA multiple PUSCH transmissions are scheduled by the gNB, the gNB scheduler should take into account the slot format and numerologies among scheduled PUSCH transmissions in UL CA 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 to meet the SAR requirements.   

Proposal 1: The gNB scheduler should take into account the slot format and numerologies among scheduled PUSCH transmissions in UL CA to avoid the total Tx power exceeding the maximum power of the UE power class over all OFDM 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 to meet the SAR requirements.   

Conclusion
In this contribution, we discuss dynamic power sharing among component carriers for NR CA 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: The gNB scheduler should take into account the slot format and numerologies among scheduled PUSCH transmissions in UL CA to avoid the total Tx power exceeding the maximum power of the UE power class over all OFDM 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 to meet the SAR requirements.   
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