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1 Introduction
An LS from RAN4 [1] requests RAN1 to confirm the feasibility of designing a set of functionalities according to a time plan. In particular, RAN4 expects power control mechanism including power sharing between LTE and NR to be determined by end of June.
· End of June meeting

· RF

· Applicable UL modulation schemes for below 6 GHz and above 24 GHz

· Power control mechanism including power sharing between LTE and NR in NSA

· Whether LO returning is assumed or not to evaluate MPR
This contribution discusses power sharing within NR and between LTE and NR.
2 Power sharing in LTE CA and DC
When a UE performs more than one simultaneous transmission in the uplink, there is a possibility that the sum of their transmit powers would exceed the configured maximum total power (PCMAX) of the UE. In LTE this situation could occur in the carrier aggregation and dual connectivity scenarios.

In case of carrier aggregation, when PCMAX is lower than the sum of required transmission powers, the UE scales down the actual transmission power (possibly to zero) of one or more transmissions to ensure that PCMAX is not exceeded. The UE prioritizes transmissions with UCI to minimize disruption to the connection. This approach works because a single scheduler has control over what is being transmitted.

In case of dual connectivity, the uplink transmissions are controlled by two schedulers that are not tightly coordinated. The approach used for carrier aggregation is not sufficient in this case since there is possibility that important transmissions are being scheduled simultaneously by both schedulers. The solution adopted is to configure for each cell group a “guaranteed power” as a fraction of PCMAX. If the sum of the configured guaranteed powers is less than PCMAX, the “remaining power” can be allocated to transmissions of either or both groups. 

When transmissions between cell groups are synchronous, power control mode 1 (PCM1) is used. In this mode, power is first allocated to each cell group up to its guaranteed power and then to individual transmissions based first on type of UCI (if any) they carry and second which cell group they belong to (master cell group has priority). If one cell group does not fully use its guaranteed power, it can be reclaimed by the other group.

When transmissions between cell groups are asynchronous, power control mode 2 (PCM2) is used. In this mode, power is allocated to a cell group at least up to its guaranteed power, plus the portion of the “remaining” power not already allocated to the on-going transmissions of the other cell group.

3 Power sharing considerations for NR
In the NR carrier aggregation, NR-NR and LTE-NR dual connectivity scenarios, issues similar to LTE exist, i.e. existence of a configured maximum total power across all transmissions (at least within a frequency range) and multiple schedulers competing for the same resource. Since the issues are the same the solutions adopted for LTE appear to constitute a good starting point for the design of power sharing in these scenarios as well.

Observation: the following concepts adopted for LTE CA and DC are also applicable to NR CA, NR-NR and LTE-NR DC:

· Configuration of “guaranteed power” per cell group

· Prioritization by type of transmission and/or type of UCI carried by the transmission

On the other hand, there are also some differences between NR and LTE (up to R13) that require special consideration. More specifically, the following features can be identified:

1) NR is to support transmission of data with much stringer latency and reliability requirements compared to LTE, i.e. for URLLC applications

2) NR supports use of multiple signal structures (e.g. numerologies, TTI durations, waveforms)
3) NR supports beam-based operation at high frequencies (thus narrow beams)

In the following we discuss possible implications of these features.

Support for URLLC

Scheduling for URLLC is still under discussion in RAN1 and RAN2. In case a UE supports transmission of multiple types of traffic, e.g. eMBB with URLLC, it would be desirable to design a solution that results in prioritization of the URLLC traffic in terms of power allocation. One possibility could be of course to associate a priority for power sharing to a logical channel. However, to avoid cross-layer interaction it may be preferable to support an explicit priority indication from the DCI (for grant-based operation) or an implicit priority based on the HARQ process.

Support for multiple TTI durations

NR will also support simultaneous use of multiple TTI durations for a UE. If power is always allocated to “first-in-time” transmissions, there is potentially an issue with reserving insufficient power to transmissions with shorter TTIs 
(or larger subcarrier spacing). One solution that would prevent this problem is to adopt a mode of operation similar to PCM2 (dual connectivity asynchronous) but where transmissions are grouped by “TTI duration” instead of cell group. Similarly, for simultaneous use of multiple waveforms, the transmissions could be grouped by “waveform” instead of cell group.

A related question is whether the principle that allocated power remains constant for a transmission over a subframe should hold for all TTI durations in NR, or if there could be some exceptions to allow for pre-emption.

Support for narrow beams
In LTE, PCMAX is defined at the antenna connector which means that the same power limitation applies regardless of the actual generated antenna pattern (i.e. assuming 0 dBi antenna gain). However, for NR operating at higher frequencies, it is likely that a power limitation is defined in terms of total effective isotropic power given that the energy may be concentrated in a narrow beamwidth. These issues are currently under discussion in RAN4. This means that a UE transmitting over two beams may exceed (or not) the limit depending on the relative directions of the beams. A solution for this could be to define a configured maximum total power on a “per-direction” basis and to scale down transmissions that do not have sufficient angular separation and whose total power would exceed this maximum.

RF exposure safety regulations

For the NSA scenario with LTE and NR both operating below 6GHz (or 10GHz) the exposure safety limit SAR for multiple simultaneous transmissionson different frequencies can be written as a normalized inequality in terms of SAR as follows:

10GHz
              ∑ ( SAR,i/SAR,l ) ≤  1
                     i=100KHz
Where SAR,i  represents the emission specific to a transmitter on a frequency i, and SAR,l  represents the SAR limit specified by regional administrations below 6GHz or 10Ghz.
In the NSA scenario with LTE operating below 6 GHz and NR operating above 24 GHz, the UE is subject to specific absorption rate (SAR) and maximum permissive exposure (MPE) limits [2]. Such limits depend on the frequency range. When the UE transmits simultaneously over multiple frequency ranges, the requirement is met if the sum, over all frequency ranges, of SAR/MPE contributions normalized by the applicable limit for the frequency range, is less than 1.

       10GHz

   300GHz

∑ ( SAR,i/SAR,l ) +  ∑ ( S,j/S,l )  ≤  1
     i=100kHz
          j>10GHz
where SAR,i and S,i are the SAR and power density caused in frequency i and the power density at frequency j, respectively, and SAR,l and S,l are the corresponding regulatory limits.

To handle the above requirements, one generic approach can be to define a separate PCMAX per frequency band (PCMAX,b) corresponding to the applicable limit. For a set of frequency ranges subject to power sharing, the set of transmissions of power Pi,b must satisfy the following formula:
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where PCMAX,b would include SAR-related maximum power reduction over the bth frequency range. It should be noted that the sets of frequency ranges subject to power sharing is currently being discussed in RAN4. However, it is expected that NR and LTE should be subject to power sharing at least in case they are both operating below 6 GHz.

Power scaling, if required, can then be based on the same formulas as for LTE R12 DC except that power values are normalized by the applicable PCMAX.
4 Conclusion

This contribution analyzes issued that will need to be considered for the design of power control to support these scenarios as well as the LTE-NR dual connectivity scenario. The following is proposed:

Proposal: to support NR carrier aggregation, NR-NR and LTE-NR dual connectivity:

· Adopt the following principles for power sharing between transmissions:

· Configuration of “guaranteed power” per cell group

· Prioritization by type of transmission and/or type of UCI carried by the transmission
· Further study the impact of following NR features on power sharing:

· Support for URLLC transmissions

· Support for multiple TTI durations

· Support for narrow beams

· RF exposure safety regulations
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