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1. Introduction

In RAN1#89 the following was agreed 
Agreements:
· From RAN1 perspective, it is feasible to have power sharing mechanism for LTE-NR dual connectivity at least for <6GHz

· FFS: power sharing mechanism

· RAN1 will continue discussing the power sharing mechanism, including potential RAN1 specification impact 

· Applicability of power sharing mechanism for NR in particular bands, e.g., greater than 24GHz, should be discussed in RAN4

Based on the above agreement, RAN1 should discuss and agree on a power sharing mechanism such that when a is UE performing an LTE transmission and a simultaneous (<6GHz) NR transmission, its total power does not exceed a maximum power level that is set by emissions and other requirements (e.g. 23dBm). 

In this document, we provide our view on various LTE-NR power sharing mechanisms. 
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). 
Considering the above aspects, we discuss some options for LTE-NR power sharing below.
Option 1 – P-MPR (for LTE) based approach

LTE specifications provide a P-MPR mechanism for the UE to reduce its LTE transmit power. The associated specification text in 36.101 is as follows

“…P-MPRc is the allowed maximum output power reduction for

a)
ensuring compliance with applicable electromagnetic energy absorption requirements and addressing unwanted emissions / self desense requirements in case of simultaneous transmissions on multiple RAT(s) for scenarios not in scope of 3GPP RAN specifications;

b)
ensuring compliance with applicable electromagnetic energy absorption requirements in case of proximity detection is used to address such requirements that require a lower maximum output power.

The UE shall apply P-MPR c for serving cell c only for the above cases….”

The P-MPR mechanism as currently specified is not applicable for LTE-NR power sharing. While it is possible to extend the LTE P-MPR  to also cover NR transmissions, this is not desirable as it would make LTE coverage uncertain for UEs configured with LTE-NR dual connectivity. 
Option 2 – Semi-static power split based on UE configuration
With this option, 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.
Compared to option 1, with this option impact on UE transmit power is predictable when LTE-NR dual connectivity is configured. However, maximum transmission power of LTE and NR is preemptively reduced regardless of presence 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 NR is possible only when a UE can be guaranteed to sustain a LTE connection with reduced maximum transmit power (e.g. 20dBm).
Option 3 – LTE power control is not modified; NR transmission is scaled down/dropped when UE is power limited
With this option, UE behavior for setting LTE transmission power is not modified regardless of LTE-NR dual connectivity configuration. Instead, it is specified for NR that UE shall scale-down/drop an ongoing/upcoming NR transmission if that transmission overlaps with any LTE transmissions and the UE is power limited. 
The advantage of this option (compared to option 2) is LTE-NR dual connectivity can be configured without a blanket reduction on LTE maximum transmit power. Also, while it is specified that the UE will prioritize LTE transmission power, the network would still have the flexibility to prioritize or reserve certain NR transmission power depending on network implementation. 
For example, the network can choose to not schedule most LTE-PUSCH transmissions if the LTE-PHR reported by the UE is smaller than a certain threshold.  This would be a ‘soft’ implementation of option 2 discussed above where some power is set aside for NR. Alternately, if tight coordination between LTE and NR modules is possible, the network can be more adaptive in adjusting the LTE/NR transmission power based on PHRs reported on 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. Unlike LTE dual connectivity power control, detailed power scaling/dropping rules based on channel type, payload, etc. should be avoided for this option.
Options 4a/4b –  Power sharing similar to LTE Dual connectivity mode 1 (4a) or mode 2 (4b)
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 DC could result 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, options 4a/4b are generally not suitable for specifying power sharing between LTE and NR unless they are simplified significantly (e.g. like option 3 described above). These options 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 observations
· Observation 1
· Having a detailed and explicitly specified set of LTE-NR power sharing rules similar to LTE dual connectivity power control mode 1 or mode 2 could result in complex specifications.
· To take advantage of the complex specifications, LTE and NR modules in the network should be able to co-ordinate at least as closely as LTE-LTE DC implementation which is unlikely
· Observation 2 

· Semi-static power split between LTE and NR based on UE configuration allows UE transmit power to be predictable. 

· However, this option pre-emptively reduces maximum transmission power of LTE and NR regardless of presence simultaneous transmissions. 

· For LTE-NR NSA operation, with this option, configuration of NR is possible only when the UE can be guaranteed to sustain a LTE connection with reduced maximum transmit power.

· Even when there is no semi-static power allocation for NR, the network has the flexibility to prioritize or reserve certain NR transmission power depending on network implementation
Considering the above observations, we propose the following LTE-NR power sharing mechanism (option 3 in the document)

· Proposal

· UE behavior for setting LTE transmission power is not modified regardless of LTE-NR dual connectivity configuration.

· For LTE-NR NSA operation, NR will specify that a UE shall scale-down or drop an ongoing/upcoming NR transmission if that transmission overlaps with any LTE transmissions and the UE is power limited.
· Note: The network will still have flexibility to prioritize or reserve certain NR transmission power depending on network implementation

· Unlike LTE dual connectivity, detailed power scaling/dropping rules based on channel type, payload, etc. are not specified.
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