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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 sharing mechanism for NR and LTE dual connectivity with network assistance.   This contribution is a re-submission of R1-1715839 in RAN1 NR AH#3.

Power Sharing Mechanism

Power sharing mechanism for LTE and NR dual connectivity is to define the UE power allocation strategy for NR and LTE UL transmission.  In LTE, two types of UL power control modes for dual connectivity are defined to support synchronous and asynchronous operation based on the maximum reception/transmission timing difference between MCG and SCG.  In both modes, UE is configured with a minimum guaranteed power for each CG, as a percentage of the configured maximum UE output power. The power control modes in LTE dual connectivity target minimum guaranteed power per CG as well as priority transmission (either by signal type or by transmission timing).



It was agreed in RAN1 NR AH2 that at least semi-static power sharing between LTE and NR.  gNB can semi-statically configure the transmit power for NR and LTE by slipping the maximum transmitted power to X % and Y% respectively.   UE will report the power headroom and calculate the transmit power based on the configured maximum power for LTE  and NR   respectively.









In RAN1#90, dynamic power sharing between LTE and NR are supported with semi-static configuration of maximum power for LTE  and NR set separately based on overbooking principle.  The maximum allowable power for LTE and NR can be configured up to individually to allow dynamic sharing with UE implementation choice.   If the sum of maximum allowable power for LTE and NR is over the total maximum power , UE allows to use the power as long as the total power does not exceed .  If the total power exceed, , it would be UE implementation choice of scaling the transmit power of NR or LTE to meet the SAR requirements.   

In LTE, UE had performed power sharing for LTE/3G or LTE/GSM dual connectivity without any specification. gNB allocate resource and MCS assignment based on LTE UE power headroom reporting in consideration of on-going 3G or GSM transmission. If UE is power limited, eNB will scale the transmission power at the RF circuit board before power amplifier to avoid distortion. Similarly, dynamic power sharing of the remaining power between NR and LTE based on the overbooking of semi-static configured power sharing with network assistance could be further considered to improve the power utilization probability:
· 


If the configured maximum power of NRand LTE with power overbooking, the LTE UL transmission is fully protected without compromise in LTE/NR dual connectivity.  
· 



UE calculates and reports the power headroom based on the configured maximum power for LTE  and NR   respectively.  If the total transmit power at the calculation is over the maximum transmit power , UE should report no power headroom  for NR and addition bits to indicate the total power  being over the in the NR power headroom reporting.   
· UE also reports the buffer status report of UL data and associated QCI for LTE and NR respectively. Buffer status report can be a weighted combining function of traffic types from different buffers, and weighting factor is based on QCI (e.g., higher weights corresponding to higher QCI);
· gNB could adjust the scheduling strategy to reduce the transmission power in NR based on the received information, such as reduce the number of PRBs in resource allocation, to avoid UE power scaling by.  gNB could also UE’s NR transmission power by DCI by sending TPC command.   

The total power could be dynamically shared between NR and LTE without complicated design of power sharing mechanism. 

Proposal 1: In NR, gNB decide whether to adjust the NR transmission power to prevent UE power scaling based on UE power headroom reporting with over the power limit indication and buffer status report in, if available.
· 



If the configured maximum power of NRand LTE with power overbooking, the LTE UL transmission is fully protected.  NR transmission power is configured below the maximum power .  

· 


UE calculates and reports the power headroom based on the configured maximum power for LTE  and NR   respectively.  If the total transmit power at the calculation is over the maximum transmit power , UE should report power headroom  for NR and addition bits to indicate the additional power is available in the NR power headroom reporting.   
· UE also reports the buffer status report of UL data and associated QCI for LTE and NR respectively. Buffer status report can be a weighted combining function of traffic types from different buffers, and weighting factor is based on QCI (e.g., higher weights corresponding to higher QCI);
· gNB decides whether to adjust the maximum transmission power in NR based on the received information, and dynamically reconfigure the maximum transmission power by DCI, either step function or absolute value can be considered.   
According to the above method, remaining power could be dynamically shared for NR when NR is configured with maximum power below the total maximum power and LTE is not using the power.  :
Proposal 2: In NR, gNB decides whether to adjust the maximum transmission power based on UE reported information if available, and dynamically reconfigure the maximum transmission power by DCI.


Conclusion
In this contribution, we discuss dynamic power sharing mechanism for NR and LTE dual connectivity based on power overbooking principle.  With network assistance, the NR transmit power could be dynamically indicated implicitly or explicitly to fully utilize the power without having the risk of power scaling when total power is over the limit.   We have the following proposals:
· Proposal 1: In NR, gNB decide whether to adjust the NR transmission power to prevent UE power scaling based on UE power headroom reporting with over the power limit indication and buffer status report in, if available.
· Proposal 2: In NR, gNB decides whether to adjust the maximum transmission power based on UE reported information if available, and dynamically reconfigure the maximum transmission power by DCI.
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