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Introduction
In RAN#80, the NR Rel-15 exception sheet [1] includes NR Rel-15 features of both NE-DC power control and NR DC in RAN1 for the late release targeted to complete in RAN#82 as follows,

· Option 4:
· Evaluate whether new design on power control, multiplexing, etc. for both LTE & NR specs
· Strive for minimum RAN1 specification impact
· Some (limited) RAN1 meeting time is expected
· NR-NR Dual Connectivity
· Synchronous operation
· Minimum RAN1 impact and no HW impact
· No PUCCH-SCell

In this contribution, we discuss the remaining issue of LTE-NR dual connectivity, which includes the intra-band EN-DC power control and power sharing mechanism for NE-DC (NR and LTE dual connectivity for architecture option 4).     
Power Control for Intra-band EN-DC
In RAN1#93, RAN4 sent an LS [2] indicating the study results of intermods and reverse intermods on the ability of UEs to meet emission requirements for intra-band EN-DC.    From [2], the study results showed that power reduction techniques including MPR and A-MPR can be used to minimize the impact of these IMDs and RIMDs.  The MPR and A-MPR with equal PSD between LTE and NR and equal back-off for E-UTRA and NR is in the RAN4 study.   An email discussion on the reply LS to RAN4 was conducted after RAN1#93 with the reply LS agreed in [5].  
The equal PSD assumption is not part of RAN1 power control design in LTE and NR.   The principle of the power control in LTE and NR is to compensate the path loss and to adjust to the interference in meeting the target SINR in LTE and NR carrier independently.  The assumption of equal PSD between LTE and NR would require the power setting of UL transmission either NR or LTE to relinquish its open power control loop and to accommodate the output power of the power control from the other technology.   The UL transmission powers are set independently based on the respective power control formula in LTE and NR.   RAN4 power control assumption is not consistent with RAN1’s power control design.
[bookmark: _Hlk519241433][bookmark: _Hlk519237579]During the email discussion, UE vendors showed strong concern on the processing timeline for the time setting.  The basic design principle in RAN1 power control both LTE and NR have sufficient processing in power setting for EN-DC.   NR with faster processing times could have sufficient time to calculate the total transmission power when both LTE and NR are scheduled at the same subframe duration.    The assumption is that LTE power computation would not take into account any NR transmission  for EN-DC due to longer processing time in comparison to that of NR.  During the email discussion, some companies propose that slow down the NR processing would have severe effects on latency and have negative effects on throughput from the user perspective and thus reduce the NR system capacity 

Proposal 1: RAN1 power control in LTE and NR are feasible for intra-band EN-DC without modification


Dynamic Power Sharing in NE-DC

Power sharing mechanism for LTE and NR dual connectivity is to define the UE power allocation strategy for NR and LTE UL transmission.  In EN-DC, the configured maximum power P_LTE and P_NR could be the same as the maximum power of the power class, e.g,, 23 dBm, or overbooked with the total power P_LTE + P_NR greater than the power class.   All UEs need to support the sum of the total power would not exceed the maximum power of the power class.  If the sum of the total power of LTE and NR PUSCH/PUCCH/SRS transmission is over the maximum power limit of the power class, UE is required to scale down the total transmit power or drop the NR PUSCH transmission based on UE implementation in order to protect the LTE PUSCH transmission based on the request from Operators.  
For NE-DC with NR as the PCell, NR is the Primary cell group (PCG) and LTE is the secondary cell group (SCG).   NR supports different numerologies and different slot format.   The UL maximum power PCMAX,c configured for NR component carrier for NE-DC would be equal of shorter than that of the LTE subframe length.   Even NR has the same numerology of 15 kHz SCS as that of LTE,  the NR component carrier might have different slot format, which the number of UL symbols within a slot could be different even NR and LTE carriers have same numerology as shown in Figure 1.  For NR and LTE carriers with different numerologies, the NR slot length would be different to LTE subframe length as shown in Figure 1.    
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[bookmark: _Ref498633323]Figure 1: CGs with same numerology but different slot formats (left) and different numerologies (right)

UE would compute the Tx power of LTE and NR independently based on power control. NR has faster processing comparing to that of LTE.  The power control of NR transmission might be able to take into account of LTE power setting at the NR baseband when they are scheduled to transmit in the same UL subframe.  Inversely, LTE is not able to take into account the power setting of NR UL transmission since LTE has long processing timeline.    When the total Tx power might exceed the total output power of the UE power class in the some symbols for NE-DC, UE has to scale down the Tx power when the total output power exceeds the configured maximum power at some OFDM symbols due to shorter UL slot format or larger subcarrier spacing in NR.   For NE-DC, the NR PUSCH transmission power would be more robust with shorter interval comparing to that of LTE due to different slot formats or numerology.    The power scaling or power dropping on LTE SCell to protect the NR PCell would be difficult since the LTE PUSCH transmission interval is longer than that of NR PUSCH and over the maximum power might happen in the middle of LTE subframe and LTE has longer processing time than that of NR.   Since there is no request from operator to protect the NR PCell, it would be UE implementation choice of scaling the transmit power If the UE output power at some OFDM symbols exceeds the maximum power of the UE power class for NE-DC.   

Proposal 2:  For NE-DC dynamic power sharing with total power overbooking, the power scaling would depend on UE implementation solution when UE output power at some OFDM symbols exceeds the maximum power of the UE power class.

Conclusion
In this contribution, we discuss the power control of intra-band EN-DC and dynamic power sharing mechanism for NE-DC (NR and LTE dual connectivity for architecture option 4).   With all the analysis, we propose the following,
· Proposal 1: RAN1 power control in LTE and NR are feasible for intra-band EN-DC without modification
· Proposal 2:  For NE-DC dynamic power sharing with total power overbooking, the power scaling would depend on UE implementation solution when UE output power at some OFDM symbols exceeds the maximum power of the UE power class.
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