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1 Introduction
RAN4 asked RAN1 and RAN2 to study the feasibility of the power sharing mechanism in the context of LTE/NR tight interworking [1]:
	Q5: Is there uplink transmission power sharing between the below 6 GHz and above 6 GHz bands or are the uplink power amplifiers exclusive to below 6 GHz and above 6 GHz bands?
A5: In some NSA scenarios, e.g. when both LTE and NR are in below 6 GHz, uplink transmission power sharing should be considered to meet SAR requirement in a same principle as UL CA/DC, but RAN4 is not sure whether power sharing between different RATs is feasible from RAN1/2 and implementation point of view and can't exclude other methods. One possible way is to simply define independent maximum power for LTE and NR and compliance with the SAR is left to implementation. However, this could require SAR back-off which cannot be controlled by the NW. Therefore, RAN4 would like to ask RAN1 and RAN2 to study the feasibility of the power sharing mechanism as soon as possible.


2 UL transmission power sharing between LTE and NR
LTE DC defines UL power control for synchronous and asynchronous operation based on the maximum reception/transmission timing difference between MCG and SCG. Two types of power control modes are defined; mode 1 (for synchronous DC) and mode 2 (for asynchronous DC). In both modes, a UE is configured with a minimum guaranteed power for each CG, as a percentage of the configured maximum UE output power Pcmax. In power control mode 1, the UE allocates up to the minimum guaranteed power to each CG and any remaining power is shared across MCG and SCG on a per transmission basis according to a priority of transmitted information types. In power control mode 2, the UE reserves the minimum guaranteed power for each CG and any remaining power is first made available to the CG where transmission starts earlier in time. Therefore, given UE transmit power constraints (Pcmax), LTE DC power control modes target minimum guaranteed power per CG as well as priority transmission (either by signal type or by transmission timing).
The LTE DC power sharing principle can be also applicable to LTE-NR DC in some scenarios (without precluding potential variations/enhancements). For example, if a NR carrier operates with 15 kHz subcarrier spacing, 1ms TTI, and carrier frequency of below 6 GHz (e.g., 3.5 GHz), then there is no fundamental difference between LTE-NR DC and LTE DC. Therefore, there is no feasibility issue in this case even though it is for different RATs. The UE architecture, e.g., whether or not to have exclusive power amplifier between LTE and NR, would depend on the carrier frequency difference between LTE and NR.
Observation 1: Some LTE-NR DC scenarios (e.g., NR carrier with 15 kHz subcarrier spacing and carrier frequency of below 6 GHz) are similar with LTE DC and there is no feasibility issue for power sharing based on LTE DC principle for different RATs.
On the other hand, LTE DC does not support all NR scenarios. For example, NR specific characteristics including multiple numerologies (subcarrier spacing, TTI, wider bandwidth, etc.), wider range of operating bands (e.g., above 6 GHz), and multi-beam operation need to be considered for the feasibility study on UL transmit power sharing. For instance, the following combinations for LTE-NR DC are new scenarios which have not been studied for LTE DC:
· LTE with below 6 GHz and NR with above 6 GHz: In this scenario, it is understood that the UE power amplifiers need to be exclusive to below 6 GHz and above 6 GHz bands
· LTE with 1ms TTI and NR with shorter TTI length (e.g., 0.25 ms): In this scenario, the transmission with longer TTI would restrict the UL power sharing assuming that the transmission power is maintained during TTI. However, LTE DC power control mode 2 can again be applicable in this case (without precluding enhancements).
Observation 2: LTE-NR power sharing is feasible in all scenarios at least based on DC power control mode 2 or based on separate power amplifiers between LTE carriers and NR carriers.
In order to proceed with potential enhancements to LTE DC power control mode 2 for a power sharing mechanism between LTE and NR, it is beneficial to first identify NR UL power control procedures (without aggregation with LTE) in terms of numerology, operating bands, multi-beam operation, prioritizations, etc.
The SAR requirement can be left to UE implementation as indicated in the RAN4 LS.
Observation 3: In order to proceed with potential enhancements to LTE DC power control mode 2 for a power sharing mechanism between LTE and NR, it is beneficial to first identify NR UL power control procedures.
3 Conclusions
This contribution has discussed UL transmission power sharing between LTE and NR and it is observed that:
Observation 1: Some LTE-NR DC scenarios (e.g., NR carrier with 15 kHz subcarrier spacing and carrier frequency of below 6 GHz) are similar with LTE DC and there is no feasibility issue for power sharing based on LTE DC principle for different RATs.
Observation 2: LTE-NR power sharing is feasible in all scenarios at least based on DC power control mode 2 or based on separate power amplifiers between LTE carriers and NR carriers.
Observation 3: In order to proceed with potential enhancements to LTE DC power control mode 2 for a power sharing mechanism between LTE and NR, it is beneficial to first identify NR UL power control procedures.
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