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1. Introduction
[bookmark: _GoBack]In this contribution we discuss a pre-emptive approach for MPE mitigation issues in FR2, and then we discuss it in the context of SAR limit effects in FR1.

2. Discussion
[bookmark: _Hlk20467269]RAN4 discussed lately the MPE issues related to the P-MPR UL impact that would potentially lead to RLF or Connection Releases.

2.1 MPE mitigation pre-emptive approach
Currently we have just 2 ways resolving MPE limit compliance. Either the UL transmissions are limited to the maximum duty cycle for FR2 maxUplinkDutyCycle-FR2 in the proximity of the human body or applying P-MPR when the maximum duty cycle is exceeded. The base station scheduler is not bounded by this UE capability.

On the P-MPR side, it is known that P-MPR related PHR is not a fast feedback as it is using MAC-CE and triggering is taking tens or hundreds of milliseconds. Also, we know that extended PHR is calculated over a single UL transmission (slot or subframe).

Observation 1: P-MPR is reflecting an instantaneous measure of power reduction caused by P-MPR. Also, it is signalled after its application, which may be late, considering the FR2 specifics.

We believe that a pre-emptive solution where the UL transmissions quality can be preserved is feasible and avoid the P-MPR that may still be applied but only as a last resort, if the network would not react fast enough.
One way to achieve this pre-emptive mechanism is to define a normalized quantity that would express a safety headroom related to the MPE limit over an evaluation period, as a window moving average. This quantity can be a fraction, a percentage or a ratio against the MPE limit that would represent 1 or 100% for fraction example.

If a Te evaluation period is defined and the UE reports a safety headroom level when the human body proximity is detected, the network scheduler may have enough time to react. Thus, a safety threshold as a fraction of the normalized level for the MPE limit needs to be defined.
For example: When human body proximity is detected and if 10% safety headroom threshold is used, and if the UE has its measured UL transmissions averaged over the Te or a period of Ttriggerr indicate less than 10% safety headroom, then the UE can signal the safety headroom.

Proposal 1: Define a normalized MPE safety headroom related power measurement in the FR2 range as fraction relative to the MPE limit. 

[bookmark: _Hlk20899974]Proposal 2: Define a configurable evaluation period Te for the power averaging measurements that would be appropriate for FR2 transmissions environment. Te is FFS.

We can have the Te = {100ms, 200ms, 500ms, 1s}. The shorter granularity may help in FR2 range where beamforming is used.

[bookmark: _Hlk20900051]Proposal 3: Define a safety headroom threshold in terms of a fraction of MPE limit. This can be configurable and can take values from a granularity list.

We can have for example for granularity a list of fractions {0%, 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 60%, 70%, 80%, 90%, 100%}.

A reporting mechanism can be an extension of the PHR mechanism. Since we are pre-emptive in this approach, the network may enough time to adapt its scheduling or even apply other possible options (reconfiguration etc).

Proposal 4: Extend the existing Power Headroom Reporting for the MPE safety headroom reporting. 

The safety headroom measurements are triggered by human body proximity and reporting is triggered by the safety headroom threshold condition. The reporting is triggered if the MPE safety headroom is less than the safety headroom threshold for the duration of a Te or a multiple of Te. This can be a configurable parameter as well.

Of course, we can keep the traditional P-MPR as a last resort solution, but a prohibit timer is needed when the safety headroom is configured, so it can kick in only if the safety headroom mechanism fails.

Thus P-MPR can be used as a last resort and only if the network doesn’t react to the safety headroom triggered report for the duration of the P-MPR application prohibit timer. The prohibit timer can be a multiple of the configured evaluation period Te for example.

Proposal 5: The UE supports a prohibit timer for P-MPR application reporting. The UE starts the timer upon transmission of the safety headroom report. 

2.2 Pre-emptive approach for MPE mitigation in conjunction with SAR
According to  [1] we know that a UE must comply with the following equation (1) related to SAR and MPE:





where:
the SAR caused by exposure at frequency i;
 is the SAR limit;
 is the power density limit;
and
 is the power density at frequency j.

Also, we have different evaluation periods:
- SAR is measured/averaged over a 6min. time period
- MPE is measured/averaged over a 68/f min. where f is the frequency in GHz. Thus, for above f >24Ghz the evaluation period is way shorter than SAR.

Example:
The MPE evaluation period is given by the following equation

68/f min., where f is the frequency in GHz

Thus, for a 26GHz carrier, the evaluation period will be around 2 minutes and 36.6 seconds which is less than SAR 6 minutes.

Observation 2: According to [1], SAR and MPE evaluation time windows are different for 3GPP defined FR1 and FR2 ranges respectively.

Since the EN-DC or NR-DC or NR-CA have FR1+FR2 defined combinations, we believe that SAR in conjunction with MPE mitigation solutions are needed. There is no power sharing between FR1 and FR2 branches and thus the FR1 and FR2 related UL grants and transmissions are independent. However, we can see from equation (1) that there’s still a correlation in terms of SAR and MPE limit. By taking the above example for a 26Ghz in FR2, we notice that SAR being evaluated over 6 minutes alone may create a starvation problem for the MPE related branch of the equation after a 2 minutes and 36 seconds or a significant reduction in FR2 UL power resources for the safety reasons.

Observation 3: According to equation (1) it can be observed that hitting or overshooting SAR limit for MPE window evaluation time (which is shorter) may starve FR2 transmissions. 

The above equation (1) uses normalized values, and thus we propose to have a similar approach for FR1 as per FR2 and define a normalized measurement for FR1 side that can be used in conjunction with MPE proposed one.

Proposal 6: Define a normalized SAR safety headroom related power measurement in the FR2 range as fraction relative to the SAR limit.

Proposal 7: Define an evaluation period Te for the power averaging measurements that would be appropriate for FR1 transmissions environment. 

We can have the same granularity defined covering generically both ranges Te = {100ms, 200ms, 500ms 1s}.

Proposal 8: Define a safety headroom threshold in terms of a fraction of SAR limit. This can be configurable and can take values from a granularity list.

FR1 use a generic granularity list as per FR2 {0%, 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 60%, 70%, 80%, 90%, 100%}.

Like in FR2 case, we can have a similar approach for P-MPR application process.

Proposal 9: The UE supports a prohibit timer for P-MPR application in FR1 for SAR. The UE starts the timer upon transmission of the safety headroom report. 

For EN-DC or NR-DC configurations, when 2 schedulers are involved and one of the safety headroom is reached or the sum of the safety headroom’s on SAR or/and MPE hit and stays above a network predefined threshold for a certain amount of time, both base stations schedulers need to know about the UE SAR + MPE and or individual safety headroom’s.

Observation 4: For EN-DC or NR-DC with FR1+FR2 combination both SAR and MPE safety power headroom must be triggered and sent on both active connection legs.

3.  Conclusion
In this contribution we discussed and proposed a pre-emptive approach for MPE mitigation issues in FR2, and then MPE issues in conjunction with SAR limit in FR1.

We propose also to send a LS to RAN2 and RAN1 with RAN4 decisions. The following observations and proposals were presented:

Observation 1: P-MPR is reflecting an instantaneous measure of power reduction caused by P-MPR. Also, it is signalled after its application, which may be late, considering the FR2 specifics.

Observation 2: According to [1], SAR and MPE evaluation time windows are different for 3GPP defined FR1 and FR2 ranges respectively.

Observation 3: According to equation (1) it can be observed that hitting or overshooting SAR limit for MPE window evaluation time (which is shorter) may starve FR2 transmissions. 

Observation 4: For EN-DC or NR-DC with FR1+FR2 combination both SAR and MPE safety power headroom must be triggered and sent on both active connection legs.

Proposal 1: Define a normalized MPE safety headroom related power measurement in the FR2 range as fraction relative to the MPE limit. 

Proposal 2: Define a configurable evaluation period Te for the power averaging measurements that would be appropriate for FR2 transmissions environment. Te is FFS.

Proposal 3: Define a safety headroom threshold in terms of a fraction of MPE limit. This can be configurable and can take values from a granularity list.

Proposal 4: Extend the existing Power Headroom Reporting for the MPE safety headroom reporting. 

Proposal 5: The UE supports a prohibit timer for P-MPR application reporting. The UE starts the timer upon transmission of the safety headroom report. 

Proposal 6: Define a normalized SAR safety headroom related power measurement in the FR2 range as fraction relative to the SAR limit.

Proposal 7: Define an evaluation period Te for the power averaging measurements that would be appropriate for FR1 transmissions environment. 

Proposal 8: Define a safety headroom threshold in terms of a fraction of SAR limit. This can be configurable and can take values from a granularity list.

Proposal 9: The UE supports a prohibit timer for P-MPR application in FR1 for SAR. The UE starts the timer upon transmission of the safety headroom report. 
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