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Introduction
In RAN1#94, the Intra-band EN-DC and Dynamic power sharing of NE-DC were discussed.  The phase discontinuity issues were discussed with the following agreements,

Agreement:
UE capability signalling that indicates per band per band combination whether the UE can handle (motivated by impacts of PA phase discontinuity) cases with overlapping transmissions with non-aligned starting or ending times or hop boundaries across carriers is beneficial and is introduced.
· Only applicable to intra-band EN-DC, intra-band CA, FDM-based ULSUP (UL Sharing from UE Perspective)
· Note: Normal UE behaviour is assumed when the UE does not indicate the lack of this capability through the capability signalling or when the capability is not applicable
· RAN4 to determine whether a UE that cannot handle such cases needs different performance requirements or whether these cases are treated as error cases.
· For intra-band EN-DC and FDM-based ULSUP, whether the capability is applicable also when NR is operated with different numerology than LTE should be determined in RAN4
· RAN4 to determine in which bands, in which band-combinations (including in which bands in the band-combination) the capability is applicable 
· Note: This is not intended to change other UE capabilities and minimum performance requirements related to the number of antennas and PAs as per the RAN4 requirements.

Dynamic power sharing for intra-band EN-DC were discussed with several proposals in [3][7].  However, there is no conclusion made.  In this contribution, we discuss the remaining issues of LTE-NR co-existence, 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
The power reduction techniques including MPR and A-MPR has been studied intensely in RAN4 and can be used to minimize the impact of  IMDs and RIMDs for intra-band EN-DC .  The UE assumption of timing of MPR and A-MPR calculation for NR and LTE for intra-band EN-DC had been discussed intensely in RAN1#94.    
[bookmark: _Hlk519241433]Several proposals of power control for intra-band EN-DC is to calculate take the LTE P CMAX  value for the current subframe into calculation of P CMAX  of EN-DC and thus to derive the P CMAX  of NR.   The timeline of the P CMAX calculation for LTE with relative slow processing times comparing to that of NR could not have sufficient time to take the P CMAX of NR into account as the MRR/AMPR when both LTE and NR are scheduled at the same subframe.  Some proposal is to slow down the calculation of P CMAX  of NR in order to align the P C,MAX  computation of both NR nad LTE.  The other proposal  [7] is to compute LTE P CMAX  independently and only take into LTE P C,MAX  value as the MPR/A-MPR for NR P C,MAX  calculation.  Both proposals are feasible with the assumption of single PA and power scaling performed at the baseband processing in UE implementation for intra-band EN-DC.     If dual PA is used in the UE implementation for intra-band EN-DC, the IMD/RIMD effects would not be severe to require the technique of MPR/A-MPR for the mitigation of signal distortion.  Moreover, UE might have other technique in the implementation to minimize the IMDs and RIMDs for intra-band EN-DC in addition to using dual PA.   The UL power control for intra-band EN-DC should follows the NR and LTE power control formula with the  P C,MAX  of NR and LTE defined by RAN4 in TS38.101-3 and TS36.101 respectively.   RAN1 should not discuss further on how to define any new procedure or signaling for NR and/or LTE to take into account the  P C,MAX   of  the other technology in the MPR/A-MPR calculation of its own P C,MAX  calculation to mitigate the potential IMD/RIMD impacts.  The  P C,MAX  calculation taking into the power setting of another technology as the MRP/A-MPR in intra-band EN-DC should be discussed in RAN4 without any assumption of additional UE procedure and signaling defined in RAN1.  

Proposal 1: The  P CMAX  calculation taking into the power setting of another technology as the MRP/A-MPR in intra-band EN-DC should be discussed in RAN4 without any assumption of additional UE procedure and signaling defined in RAN1.  

Dynamic Power Sharing in NE-DC

The dynamic power sharing in NE-DC is to configure the maximum power of LTE (P_LTE) and NR (P_NR) at or close to the UE power class for efficient utilizing the Tx power for LTE and NR.   If the total Tx power of  LTE and NR at the interval where both LTE and NR are transmitting exceed the UE power class, the power scaling would be performed.  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.    The overlapped area with the potential total Tx power of LTE and NR exceeding the power limit would be the UL symbols of NR slot 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)

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 UE processing time is comparable shorter in NR comparing to that of LTE.  When UE is scheduled to have UL transmission at subframe n and calculating the PCMAX,c  is calculated at LTE, UE  might not have the information whether NR would have UL  transmission at the  subframe n unless NR intentionally indicate the UL transmission at a later slot aligned with subframe n .  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.    If the power scaling for NE-DC follows the same principle of power scaling in EN-DC by protecting the Tx power of PCG and scaling down the Tx power of SCG, UE might not have sufficient time to scale the LTE Tx power at the baseband processing.  It is very difficult for the specification to define the calculation of LTE PCMAX,c  by taking into account of NR Tx power due to the processing timeline.  Although there is a request from operator to protect the NR PCell for NE-DC [5], it is very challenged to have specification to define the behavior for UE to scale down the LTE power for all cases when the total Tx power of LTE and NR UL transmission in some symbols of LTE subframe exceeding the UE power class.  
One potential solution of dynamic power sharing with power scaling in protection of UL Tx power NR PCG for NE-DC is to calculate the PCMAX,c  of LTE and NR independently without considering whether UL transmission would occur at another technology.   If UE would receive the NR scheduled UL transmission information in time during the LTE PCMAX,c  calculation, UE would apply the MPR/A-MPR calculation by taking into account NR Tx power defined by RAN4 for the power scaling of LTE.   The abstract of dynamic power scaling for EN-DC is as follows,

· UE calculates LTE power based on LTE power control formula and PCMAX,c  without any consideration of NR UL transmission 
· UE calculates NR power based on NR power control formula and PCMAX,c  without any consideration of LTE UL transmission
· If UE receives the NR UL transmission in time during the LTE Tx power calculation, 
· UE will re-calculate the Tx power based on NE-DC dynamic power sharing rule and RAN4 MPR/A-MPR definition
· NE-DC Power scaling rule – 
· If the total power of LTE and NR at some symbols exceeding the UE power class, UE would scale down the whole subframe of LTE Tx power.  How the LTE power is scaled would be the UE implementation.    
· Otherwise
· Alt 1: 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.  
· Alt 2: UE drop LTE UL transmission 

Proposal 2:  The proposed power scaling method aforementioned would be used for  dynamic power sharing to protect the Tx power of PCG for NE-DC.  Otherwise, semi-static power sharing should be supported by the UE.  

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: The  P CMAX  calculation taking into the power setting of another technology as the MRP/A-MPR in intra-band EN-DC should be discussed in RAN4 without any assumption of additional UE procedure and signaling defined in RAN1.  
· Proposal 2:  The proposed power scaling method below would be used for  dynamic power sharing to protect the Tx power of PCG for NE-DC.  Otherwise, semi-static power sharing should be supported by the UE.  
· UE calculates LTE power based on LTE power control formula and PCMAX,c  without any consideration of NR UL transmission 
· UE calculates NR power based on NR power control formula and PCMAX,c  without any consideration of LTE UL transmission
· If UE receives the NR UL transmission in time during the LTE Tx power calculation, 
· UE will re-calculate the Tx power based on NE-DC dynamic power sharing rule and RAN4 MPR/A-MPR definition
· NE-DC Power scaling rule – 
· If the total power of LTE and NR at some symbols exceeding the UE power class, UE would scale down the whole subframe of LTE Tx power.  How the LTE power is scaled would be the UE implementation.    
· Otherwise
· Alt 1: 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.  
· Alt 2: UE drop LTE UL transmission 
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