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1. Introduction

In RAN1#NR-AH2 the following was agreed. In this document, we provide our view on remaining aspects of LTE-NR power sharing. 
Agreements:

· Regarding power sharing for LTE-NR dual connectivity, support at least semi-static power sharing between LTE and NR

· FFS details

· Discuss further whether or not to support dynamic power sharing between LTE and NR

· Discuss further impacts due to other factors, e.g., different TTI lengths, channel/service types, synchronous vs. asynchronous, different processing latency for LTE vs. NR, assumption regarding communication between NR vs. LTE at UE, specification impact to LTE (if any) and/or NR, etc. 

2. Discussion
According to current agreed LTE-NR band combinations [1], LTE (FDD/TDD) can be operated with NR (FDD/TDD) using dual connectivity. The numerology for NR UL transmissions can be different from LTE. The level of timing alignment that can be achieved between LTE and NR transmissions, and the extent to which the specific details of each transmission (e.g. type of channel/signal that is being transmitted) are known between the RATs can vary based on deployment scenario (e.g. co-located vs. non-co-located) and network/UE implementation (i.e., the level of possible coordination between LTE and NR hardware/software modules). 
Given current RAN1 agreements, the following options can be considered LTE-NR power sharing
No Dynamic power sharing
If RAN1 cannot agree to a dynamic power sharing mechanism, the already agreed semi-static approach would be the only option for LTE-NR power sharing. As discussed in previous RAN1 meetings, with this approach, maximum transmission power of LTE (and NR) is preemptively reduced regardless of presence of simultaneous transmissions. For instance, considering LTE-NR NSA operation (which is prioritized for early completion by RAN), maintaining LTE connection should be prioritized, and with this option the configuration of NR via dual connectivity is possible only when a UE can be guaranteed to sustain a LTE connection with reduced maximum transmit power (e.g. 20dBm).
Regarding signaling for this approach - The maximum transmit power for LTE and NR transmissions is limited based on UE configuration. i.e., when UE is not configured with NR, its LTE maximum power is PCMAX_H as per current LTE specifications. When the UE is configured with NR, a backoff is added to PCMAX_H for LTE, and the PCMAX_H for NR(or equivalent parameter) is set based on the LTE backoff. The backoff value(s) will be predefined and known/signaled to the UE. For example, if 3dB backoff is supported for 23dBm UE power class, both LTE and NR transmissions are limited to 20dBm maximum power when dual connectivity is configured.
Dynamic power sharing using ‘Implementation based approach’
This approach was proposed in [2] for LTE-NR NSA operation and can be summarized as follows.
· Maximum allowed power values for LTE (P_LTE) and NR (P_NR) are set independently. 

· E.g., network can configure P_LTE = P_cmax, and P_NR = P_cmax 

· Following UE behavior will be specified for NR
· If UE NR transmission overlaps with an LTE transmission, and if the total transmission power exceeds ‘P_cmax’, UE shall adjust the power of NR transmission such that the total transmission power of the UE does not exceed ‘P_cmax’ during the overlapped portion.
· Note: the ‘P_cmax’ is a limit that corresponds ‘configured maximum transmit power’ that RAN4 is expected to specify
· No change to LTE power control procedure
· The network will still have flexibility to prioritize or reserve certain NR transmission power depending on network implementation
The main advantage of this option over semi-static power sharing is that LTE-NR dual connectivity can be configured without a blanket reduction on LTE maximum transmit power. 
While it is specified that the UE will prioritize LTE transmission power, the network would still have the flexibility to prioritize or reserve certain transmission power for NR depending on network implementation. For example, the network can choose to not schedule most LTE transmissions if the LTE side PHR reported by the UE is smaller than a certain threshold. If tight coordination between LTE and NR modules is possible, this can be more adaptive and LTE/NR transmission power can be adjusted based on PHRs reported for each RAT. 

On UE side, this option would require a power management mechanism where the UE is able to determine when to scale down/drop NR transmissions, but unlike LTE-LTE dual connectivity, detailed power scaling/dropping rules (based on channel type, payload, etc.) will not be specified and left to UE implementation. 
Finally, it should be noted that if the network configures maximum allowed power such that P_LTE+ P_NR = P_cmax, this option defaults to the semi-static power sharing approach.

Dynamic power sharing similar to LTE-LTE Dual connectivity
Given the possible differences in physical channel structures and numerology between LTE and NR, having a detailed and explicitly specified set of power scaling/dropping rules similar to LTE-LTE DC could result in very complex specifications even when compared to LTE DC power control. More importantly, unless the LTE and NR modules in the network are able to co-ordinate as closely as LTE-LTE DC implementation (which is unlikely), the network will not be able to take advantage of such detailed power sharing rules resulting in unnecessary UE complexity and testing. 

Given this, the currently specified LTE-LTE DC power sharing approach (i.e., support for PCM1 and PCM2 modes) is generally not suitable for specifying power sharing between LTE and NR unless it is simplified significantly. This approach can however be considered for NR-NR CA and DC scenarios.
3. Conclusions
In this document, we discuss different options for LTE-NR power sharing and make the following observation
Observation: 

· For LTE-NR NSA operation, with semi-static power sharing approach, configuration of NR via dual connectivity is possible only when the UE can be guaranteed to sustain a LTE connection with reduced maximum transmit power.
Considering this, we propose the following 

Proposal

· At least for LTE-NR NSA operation

· Maximum allowed power values for LTE (P_LTE) and NR (P_NR) are set independently. 

· E.g., network can configure P_LTE = P_cmax, and P_NR = P_cmax 
· Signaling details should be handled by RAN2

·   Following UE behavior will be specified for NR
· If UE NR transmission overlaps with an LTE transmission, and if the total transmission power exceeds ‘P_cmax’, UE shall adjust the power of NR transmission such that the total transmission power of the UE does not exceed ‘P_cmax’ during the overlapped portion.
· Note: the ‘P_cmax’ is a limit that corresponds to ‘configured maximum transmit power’ that RAN4 is expected to specify.
· No change to LTE power control procedure
· The network will still have flexibility to prioritize or reserve certain NR transmission power depending on network implementation
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