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Introduction
Over the last year, RAN4 focused part of its FR2 RF discussions on how to address RF exposure (RFE) compliance in FR2. Given the potential amount of back-off power (P-MPR) required in certain scenarios, and its impact on the mm-wave link budget, discussions centered on whether additional techniques would be introduced to help the UE in these scenarios [1-3]. During the RAN4 #89, the UE capability maxUplinkDutyCycle was approved in FR2 for this exact purpose [3]. The capability allows the UE to signal its preferred maximum UL duty cycle to the network.  

Agreements captured in RAN4 #89 [3]
· Decide whether to solely rely on P-MPR to maintain compliance with RFE limits, or introduce mitigation techniques. Agreements: 
· Not enough to solely rely on P-MPR
· Introduce techniques to facilitate RFE compliance and mitigate radio link failure
· Solutions/potential mitigation techniques for Rel-15
· Maximum uplink duty cycle restriction, study configuration with capability
· Solutions/potential mitigation techniques for Rel-16
· Dynamically indicated maximum uplink duty cycle restriction
· UE provides information for network to avoid UL failure (UE initiated)
· e.g. information about P-MPR being reported to the network by the UE
· Other solutions not precluded


Shortly following this agreement, an LS was approved to inform RAN2 of this decision [4]. Finally, details on the UE capability maxUplinkDutyCycle and power management term P-MPR were added to the configured power portion of TS 38.101-2 [5,6]. 
P-MPRf,c is the allowed maximum output power reduction  and maxUplinkDutyCycle as defined in TS 38.331 [13] is the UE reported maximum duty cycle to facilitate the compliance described below with P-MPRf,c < [TBD] dB. The evaluation period for maxUplinkDutyCycle is 10ms.
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-MPRf,c for carrier f of serving cell c only for the above cases. For UE conformance testing P-MPRf,c shall be 0 dB
NOTE 1:	P-MPRf,c was introduced in the PCMAX,f,c equation such that the UE can report to the gNB the available maximum output transmit power. This information can be used by the gNB for scheduling decisions.
NOTE 2:	P-MPRf,c and maxUplinkDutyCycle may impact the maximum uplink performance for the selected UL transmission path.


Beyond introducing the UE capability, several discussion points still need to be addressed regarding the full definition of the capability [7], P-MPR limitations and additional techniques. This paper presents our views on some of the remaining issues related to RFE compliance in FR2.
Discussion
Available techniques
Currently, there are two techniques available to the UE for RFE compliance in FR2. The first is the power management term P- MPR. As previously discussed, in certain situations this back-off power is expected to be large and may cause radio link failure [2]. Which leads us to the second technique, the UE capability maxUplinkDutyCycle. This one allows the UE to signal its desired restriction for UL duty cycle to the network, with the goal of providing relief on the required back-off power. The latest version of TS 38.101-2 incorporates details for both of these techniques. Some aspects of the UE capability are still open and we address them in [7]. For P-MPR, the text in TS 38.101-2 seeks to define a maximum limit. Since there is no P-MPR limit defined in LTE or FR1, we will discuss what this limit may potentially imply.

The actual P-MPR value a UE requires depends on many factors, including: specific UE implementation, the current MPE scenario it is in and what technique is used to address it. This means, P-MPR values can differ greatly based on these parameters alone. We will use the scenario in [2] to derive an estimate for P-MPR. Currently, a specific UL duty cycle restriction cannot be guaranteed by the network, therefore we have to assume there will be no restriction. With no restriction, and based on assumptions listed in [2], the max allowed EIRP will be around 18 dBm. If the distance considered is less than 5 mm, the value will be even lower than 18 dBm. Considering that for worst-case scenario, a power class 3 UE can technically operate at a max of 43 dBm, the P-MPR required is upwards of 25 dB. Having a maximum P-MPR limit that large provides little insight or guarantees of what performance to expect in this scenario. Additionally, by placing a limit on P-MPR we are risking setting a requirement that prevents UEs from RFE regulatory compliance.

[bookmark: _GoBack]Observation 1: The above example requires a P-MPR of up to 25 dB, or more depending on usage scenario. This illustrates a major issue with restricting P-MPR, since we risk setting a requirement that directly impacts the UE’s ability for regulatory compliance.

Proposal 1: Do not place a maximum limit on the power management term P- MPR in FR2.
New techniques
If the intention of limiting P-MPR was for the network to have a better understanding of the UE’s situation, expected performance and how it can potentially help, it makes more sense to focus our efforts on how to enhance the current signaling for UL duty cycle restriction from static to dynamic. This way, the network is aware whenever the UE requires a large back-off and can strategize how to prevent radio link failure. 

Observation 2: Instead of limiting P-MPR, it would be more beneficial for the UE to report to the NW when a potential P-MPR issue is happening.

The UE capability maxUplinkDutyCycle was approved to help offset the impact of a large P-MPR by allowing UL duty cycle reduction. However, from network perspective, the capability fails to provide information of when a large P-MPR is needed. From UE perspective, the lack of dynamic signaling means the UL duty cycle will always be restricted and throughput is reduced. It is clear that both sides would benefit from dynamic signaling, therefore we should focus our discussion on how this might be introduced. P-MPR related issues are temporary in nature, much like overheating. In NR, the UE can provide information to gNB on temporary overheating issues using UEAssistanceInformation [8]. A potential way to address the dynamic signaling would be for the UE to use this UEAssistanceInformation message to inform the network there is a P-MPR issue and a change is needed for UL duty cycle restriction.

Observation 3: A large P-MPR situation may be viewed as a temporary internal issue the UE informs the network of in a UEAsssistanceInformation message.

Proposal 2: Given that both the network and UE will benefit from this enhancement, RAN4 should introduce dynamic signaling to address P-MPR issues, instead of limiting P-MPR. Guidance from RAN2 is needed on how to best approach the signaling.

Conclusions
In this paper, the current status of the two techniques for RFE compliance were reviewed, and open issues regarding their definitions were discussed. The following observations and proposals were made:

Observation 1: The above example requires a P-MPR of up to 25 dB, or more depending on usage scenario. This illustrates a major issue with restricting P-MPR, since we risk setting a requirement that directly impacts the UE’s ability for regulatory compliance.

Proposal 1: Do not place a maximum limit on the power management term P- MPR in FR2.

Observation 2: Instead of limiting P-MPR, it would be more beneficial for the UE to report to the NW when a potential P-MPR issue is happening.

Observation 3: A large P-MPR situation may be viewed as a temporary internal issue the UE informs the network of in a UEAsssistanceInformation message.

Proposal 2: Given that both the network and UE will benefit from this enhancement, RAN4 should introduce dynamic signaling to address P-MPR issues, instead of limiting P-MPR. Guidance from RAN2 is needed on how to best approach the signaling.
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