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1 Background
For TX power management with UL gaps for MPE compliance (using BPS) the last RAN4 agreed that [1]
Tx power management: RF aspect
Agreement: 

· The minimum Delta EIRP gain is at least max((Ppeak_EIRP-[21]dBm-margin) + 10*log10(Z/20), 3dB), where the margin is 2dB, where

· Ppeak_EIRP is peak EIPR with zero MPR

· Margin is the implementation margin including false alarm and etc

· Z is duty cycle in number of percentage for reference measurement channel, e.g. when UL duty cycle is 10%, Z=10.

Agreement: 

· UE supports UL gap shall also support R16 MPE reporting at least when UL gap is activated.   

· It is FFS about P-MPRgapoff reporting when UL gap is not activated and the related delta P-MPR, i.e. (P-MPRgapoff -P-MPRgapon).
For verification of the minimum RF performance with UL gaps configured, then it is stated in [2] that

It has been agreed in RAN4#100e that both peak EIRP and P-MPR report without phantom will be used as test metric. The peak EIRP test metric is defined as the X dB EIRP gain that can be achieved when UL gap is activated against the case where no UL gap is activated.
Hence the minimum EIRP gain is verified by a standard OTA test in free space without the presence of an object.
For PHR reporting it was agreed that
Agreement: 

· UE will report P-MPRgapon when UL gap is activated 

· At most UE should report 0~3dB P-MPR in the PHR

In this contribution we consider the agreed metric for the EIRP gain and its dependence on the duty cycle. We also propose that the P-MPR should be decreased if the network decreases the actual UL duty cycle, notwithstanding any gaps, and that no specific P-MPR with gaps present is introduced. 
2 The Delta-EIRP gain
We assume that the UL gaps for self-calibration and monitoring are intended for BPS and MPE compliance. We recognize that the delta EIRP is intended for conformance tests. Does this test case represent operations in the field? 
We remark that the current regulations on MPE does not even consider body proximity, the MPE is just a radiation intensity measured at a certain distance of the device no matter any other bodies (unlike SAR). If regulations were to be updated to include body proximity and allow higher radiation density in the absence of an object (body) this would be most welcome, but not envisaged in the foreseeable future.
Observation 1: in the absence of gaps, the UE should not expect that there are objects present (no body prioximity) and apply a large P-MPR.
The MPE (the radiation intensity measured) is typically averaged over 2-4 seconds in the time domain (FCC). Hence, if the network decreases the actual uplink duty cycle, the UE should be able to increase its EIRP and the delta-EIRP gain should likewise decrease. This suggest that the gaps, if configured, and only relevant for high duty cycle transmission? 
Comments on the delta-EIRP metric
The agreed delta-EIRP metric is somewhat contradicting:
1. When the duty cycle Z tends to zero then the gain with gaps is still 3 dB. A smaller Z would allow a higher peak EIRP to maintain an average power (reduced gain by gaps as implied by the left-hand side argument in the formula), relevant for both MPE and UE heat management.
2. The UE is aware of configuration of gaps, is the power reduced by 3 dB when gaps are not configured (then the UE would always meet the conformance requirement)? The gain is at least 3 dB under all circumstances.
3. If Z > 20% then the requirement is tighter, e.g. for Z = 60% the gain is 5 + (Ppeak_EIRP-[21]dBm-margin) dB, presumably implying that the P-MPR will be reduced by the UE when the gaps are configured?
In  practice many devices have a peak EIRP performance > 24 dBm that would meet the 3 dB requirement compared to the reference 21 dBm value without any gaps, at least for low duty cycles. 
The definitions of the peak EIRP and the reference values should also be clarified:

1. The peak EIRP used in the metric is presumably that achieved with gaps without any additional power backoff (MPR = 0 dB). Does this include P-MPR? The P-MPR might still be non-zero at the Z measured in the test with the gaps present. 
2. The 21 dBm reference value without gaps appears to be implementation specific: “Value 21dBm corresponds to the Tx power value at which the FCC MPE limit of 0 dBm/cm2 can be met with P-MPR=0 and 20% duty cycle. This value was arrived at based on far field MPE calculation reported in R4-2014218.” Does this mean that the reference value should be increased in case that UE provides a value of the  maxUplinkDutyCycle-FR2 less than 20%?
We make the following observations:
Observation 2: for TX power management, UL gaps appear only relevant for large actual duty cycles exceeding that reported in maxUplinkDutyCycle-FR2.
Observation 3: the minimum EIRP gain with gaps  shall be least 3 dB under all circumstances in the conformance test. Is there a risk that the UE supporting gaps reduces its output power by 3 dB if gaps are not configured?
No P-MPR is expected if the duty cycle is below the reported capability.

Gaps a UE capability

Support of UL gaps for P-MPR must be a UE capability. Moreover, the need for gaps in this case does not appear to be the same as the corresponding for RRM measurements. The gNB is equipped with link adaptation and can reconfigure and deactivate the gaps based on the actual UL performance and the PHR that contains the P-MPR. We also assume that the power management is a relatively “slow” process, MPE requirements are averaged over 2-4 s.

Proposal 1: support of UL gaps for MPE is a UE capability.

3 P-MPR with gaps

It was agreed that
Agreement: 

· UE will report P-MPRgapon when UL gap is activated 

· At most UE should report 0~3dB P-MPR in the PHR

There is need to specify a specific P-MPR with the gaps on: the P-MPR reported is that applied subject to the prevailing network configuration. Moreover, the UE can always use a P-MPR if needed for MPE compliance regardless of the presence if gaps. 
The network can configure, activate and deactivate UL gaps based on the reported P-MPE, which can also be the existing P-bit used if the UE does not support MPE reporting (and mpe-Reporting-FR2 not configured)
Proposal 2: it is optional to report P-MPR values (mpe-Reporting-FR2 configured) with gaps present.
and make the observation 
Observation 3: the network has the capability of activating/deactivating gaps, if configured, depending on the indicated P-MPR in the PHR (P-bit or reported P-MPR values).
4 UE action upon a decreased UL duty cycle 

The P-MPR, if applied, should be reduced when the actual UL duty cycle decreases: the peak power can increase since the MPE is an average power radiation intensity (an average over 2-4 s according to the FCC regulation).
Defining a UE behaviour following network actions would be more beneficial. Example: in case the actual UL duty cycle is reduced by the network then the UE can increase its EIRP since the MPE is averaged over 2-4 seconds, the peak power can be increased. This would be a more predictable action by the UE; in case the P-MPR bit is set by the UE then the network could reduce the UL duty cycle and count on that the UL EIRP could be increased. 

The UE duty cycle reporting and the UE behaviour when this is exceeded are defined in 38.101-2 clause 6.2.4:
maxUplinkDutyCycle-FR2, as defined in TS 38.306 [14], is a UE capability to facilitate electromagnetic power density exposure requirements. This UE capability is applicable to all FR2 power classes.

If the field of UE capability maxUplinkDutyCycle-FR2 is present and the percentage of uplink symbols transmitted within any 1 s evaluation period is larger than maxUplinkDutyCycle-FR2, the UE follows the uplink scheduling and can apply P-MPRf,c.

If the field of UE capability maxUplinkDutyCycle-FR2 is absent, the compliance to electromagnetic power density exposure requirements are ensured by means of scaling down the power density or by other means. 

This could be complemented by a requirement that the UE decreases the P-MPR when the actual duty cycle is decreased:
Proposal 3: if the actual UL duty cycle averaged over 2-4 s is greater than that reported the capability maxUplinkDutyCycle-FR2, and the actual duty cycle is reduced below this capability subsequently, then no P-MPR is applied (in the conformance test without the presence of any object) notwithstanding presence of UL gaps. 
and

Proposal 4: if the actual duty cycle is reduced by 50% as averaged over 2-4 seconds and P-MPR is reported, then the P-MPR should decrease by MIN(reported P-MPR, 3 dB) notwithstanding presence of UL gaps or presence of reported duty-cycle capability maxUplinkDutyCycle-FR2.
In the absence of objects (no body proximity), no P-MPR is expected if the duty cycle is below the reported capability. The P-MPR should always be reduced if the duty cycle decreases no matter if the maxUplinkDutyCycle-FR2 is present.
These requirements should be met without any UL gaps in conformance testing for all UEs. This behaviour should also be met in the field without the presence of an object. For higher duty cycles the gaps could be configured if supported by the UE (capability). 

The values reported by maxUplinkDutyCycle-FR2 are
[[

    maxUplinkDutyCycle-FR2          ENUMERATED {n15, n20, n25, n30, n40, n50, n60, n70, n80, n90, n100}     OPTIONAL
5 Proposal  
We make the following observations and proposals:
Observation 1: in the absence of gaps, the UE should not expect that there are objects present (no body prioximity) and apply a large P-MPR.
Observation 2: for TX power management, UL gaps appear only relevant for large actual duty cycles exceeding that reported in maxUplinkDutyCycle-FR2.

Observation 3: the minimum EIRP gain with gaps  shall be least 3 dB under all circumstances in the conformance test. Is there a risk that the UE supporting gaps reduces its output power by 3 dB if gaps are not configured?
Proposal 1: support of UL gaps for MPE is a UE capability.

The UE can always use a P-MPR if needed for MPE compliance regardless of the presence if gaps. Therefore we propose
Proposal 2: it is optional to report P-MPR values (mpe-Reporting-FR2 configured) with gaps present.
Observation 3: the network has the capability of activating/deactivating gaps, if configured, depending on the indicated P-MPR in the PHR (P-bit or reported P-MPR values).

The P-MPR, if applied, should be reduced when the actual UL duty cycle decreases: the peak power can increase since the MPE is an average power radiation intensity no matter any duty-cycle reporting. Defining a UE behaviour following network actions would be more beneficial. For conformance testing we therefore propose that
Proposal 3: if the actual UL duty cycle averaged over 2-4 s is greater than that reported the capability maxUplinkDutyCycle-FR2, and the actual duty cycle is reduced below this capability subsequently, then no P-MPR is applied (in the conformance test without the presence of any object) notwithstanding presence of UL gaps. 

and

Proposal 4: if the actual duty cycle is reduced by 50% as averaged over 2-4 seconds and P-MPR is reported, then the P-MPR should decrease by MIN(reported P-MPR, 3 dB) notwithstanding presence of UL gaps or presence of reported duty-cycle capability maxUplinkDutyCycle-FR2.
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