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1 Introduction
In the RAN1#90 meeting, UL power sharing between LTE and NR in the case of dual connecitivity (DC) was further discussed and some agreements were made as follows [1]: 

	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 above remaining aspects related to the power sharing mechanism for NR DC operation that need to be finalized in RAN1. This contribution is resubmission of R1-1717409. 
2. Discussion
2.1 Power sharing for LTE-NR DC

For LTE-NR asynchronous DC operation, NR transmission in one slot from UE to one CG can overlap with LTE transmissions in two subframes from the UE to another CG. The UE can know the required transmission power for each transmission once it receives a parsed DCI from the MAC. The issue then is whether a UE has enough time to set the required UL transmission power for the transmission in the second of the subframe/slot pair to the other CG. There was extensive dicussion on this issue in the RAN1#90 meeting.   
The worst case scenario (i.e., minimum available time at the UE to determine the prioritized LTE transmission overlapping for power scaling/dropping on NR) occurs for the maximum TA values together with the maximum misalignment values between CGs. For normal 1 ms TTI operation of LTE, it may be possible for a UE to determine the LTE transmission power and correspondingly adjust the NR transmission power due to a relatively larger scheduling delay of LTE PUSCH, i.e., 4 ms. However, this assumption does not hold for sTTI based operation because the processing time (including both DL HARQ and UL grant timing) is significantly reduced compared to the 1 ms TTI operation in order to achieve the latency reduction target. Depending on the time to process a DCI format of sTTI transmission on LTE, the available time for a UE to obtain the transmission power of LTE under maximum TA conditions would be rather short. It should be clear that this is not a realistic UE implementation. Therefore, it is preferable that only semi-static power allocation (P_LTE + P_NR = P_cmax) is used for LTE-NR DC when sTTI operation is configured for LTE. 
Proposal 1: The configuration of “P_LTE + P_NR > P_cmax” is not allowed for a UE that is configured with DL/UL sTTI based operation for LTE. 
As discussed in Rel-12 for LTE DC operation, it is clearly beneficial to allow UE to use up to P_cmax to improve the performance of NR transmissions when P_NR < P_cmax in some slots and both schedulers and UE know that there is no UL transmission in LTE. On the other hand, specifying higher signaling types the UE is mandated to use in derminining whether or not the UE will have transmission to a CG in a subframe, and consequently use all transmission power, should be carefully considered to avoid any potential misunderstanding between the scheduler and the UE. For example, the TDD UL-DL configuration signaling can be used to determine the DL subframes where it will not transmit to LTE CG. 
Proposal 2: A UE can use up to P_cmax for NR transmissions when it knows that there will be no LTE UL transmission based on the TDD UL/DL configuration, i.e., all DL subframes common to all cells of LTE in CG1. 
2.2. Power headroom report for LTE-NR DC 

The power headroom report (PHR) provides the eNB/gNB with information about the difference between the nominal UE maximum transmit power and the estimated power for UL-SCH transmission in each Serving Cell. The PHR is required for link adaptation and scheduling in the UL.
For power sharing between LTE and NR, especially in the case of “P_LTE + P_NR > P_cmax”, it is desirable that the UE reports the PHR of all activated CCs including both LTE and NR to both nodes so that both nodes can have full information of the available power and adapt UL scheduling accordingly. More specifically, from RAN1 perspective, the power headroom determination is calculated using the formulas defined for the RAT type of each CC. As UE needs to wait to decode the UL grant, if any, for a second eNB/gNB before computing and encoding the PHR in a PUSCH transmission to the first gNB/eNB, a virtual PH is reported based on the hypothetical reference format if there is no UL transmission or the actual transmission power associated with a UL grant from the first eNB/gNB is still unknown. 
Proposal 3: Support separate PHR for CCs of LTE and NR. 
3. Conclusions

In this contribution, we discussed the remaining issues of power sharing mechanisms for NR DC operation. We make following proposals:  
Proposal 1: The configuration of “P_LTE + P_NR > P_cmax” is not allowed for a UE that is configured with DL/UL sTTI based operation for LTE. 

Proposal 2: A UE can use up to P_cmax for NR transmissions when it knows that there will be no LTE UL transmission based on the TDD UL/DL configuration, i.e., all DL subframes common to all cells of LTE in CG1. 

Proposal 3: Support separate PHR for CCs of LTE and NR. 
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