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1
Introduction
In the recent RAN4 meetings there has been discussion on UE RF exposure compliance for FR2 e.g. in [1] – [3]. In this contribution we discuss how to handle situations when the UE has to reduce its NR UL transmit power suddenly and drastically for ensuring RF exposure compliance and how it impacts NR standalone and EN-DC operations. In the contribution we also discuss how the situation could be improved if the network had further knowledge of UE’s situation and needed NR UL power reductions. 
2
Discussions
TS38.101-2 defines P-MPRf,c for the Power Management UE Maximum Power Reduction for carrier f of serving cell as part of the FR2 Configured transmitted power UE requirements as follows;

	6.2.4
Configured transmitted power

The UE can configure its maximum output power. The configured UE maximum output power PCMAX,f,c for carrier f of a serving cell c is defined as that available to the reference point of a given transmitter branch that corresponds to the reference point of the higher-layer filtered RSRP measurement in each receiver branch as specified in 38.215. 
The configured UE maximum output power PCMAX,f,c for carrier f of a serving cell c shall be set such that the corresponding measured peak EIRP PUMAX,f,c is within the following bounds

PPowerclass – MAX(MPRf,c, P-MPRf,c) – MAX{T(MPRf,c), T(P-MPRf,c)} ≤ PUMAX,f,c ≤ EIRPmax
while the corresponding measured total radiated power PTMAX,f,c is bounded by

PTMAX,f,c ≤ TRPmax
with PPowerclass the UE power class as specified in sub-clause 6.2.1, EIRPmax the applicable maximum EIRP as specified in sub-clause 6.2.1, MPRf,c as specified in sub-clause 6.2.2, P-MPRf,c the power management term for the UE and TRPmax the maximum TRP for the UE power class as specified in sub-clause 6.2.1. The tolerance T(∆P) for applicable values of ∆P (values in dB) is specified in Table 6.2.4-1.


No requirement limits in terms of maximum power reductions are defined for P-MPRf,c but instead UE is always allowed to use necessary power reduction to comply with RF exposure requirements. In some situations, this may mean that the UE needs to rather suddenly and drastically reduce its NR UL transmit power until the situation gets better e.g. by changing to suitable beam where this severe situation can be avoided. 
From the network and system perspective this sudden, drastic and even unpredictable reduction of NR UL power or even drop of NR UL transmission is problematic as the network does not know why this sudden NR UL power drop or complete NR UL transmission drop has happened. Therefore, this NR UL power drop can cause NR UL radio link failure to a given UE and further after certain period of time of release of connection to NR (release of SCG or MCG depending on whether UE is operating in EN-DC or standalone mode) although some other actions could be more helpful from the UE and system perspective and radio link failure could be avoided e.g. by changing a beam or controlled change or handover to LTE only operations.
The RAN2 MAC specification TS38.321 defines for a field ‘P’ for the Power Headroom Report (PHR) in the PHR MAC CEs (Control Element) as follows;
	P: This field indicates whether the MAC entity applies power backoff due to power management. The MAC entity shall set P=1 if the corresponding PCMAX,f,c field would have had a different value if no power backoff due to power management had been applied;


This field ‘P’ in the UE’s power head room reporting tells the network when the UE uses P-MPR but unfortunately this field does not give any indication how large P-MPR UE has used. Thus, this information cannot distinguish e.g. if the UE has used 3 dB or 23 dB P-MPR for its NR UL transmission. While 3 dB NR UL power reduction may only mean limitation in UE NR UL data rate, 23 dB power reduction may trigger radio link failure and further connection release. 
We would like to discuss if some further information could be provided from the UE to network on its needed P-MPR level, to avoid triggering radio link failure. Instead the network could try to take more controlled measures to make the situation better for the UE rather than triggering connection re-establishment procedures. Such network actions to avoid radio link failure and connection release could include e.g.
· Changing to another beam requiring smaller P-MPR
· Moving all UL data transmission to LTE in EN-DC
· Handover to LTE in NR standalone operations 
Considering that RAN4 is responsible of taking care of these UE’s internal power management aspects in its UE requirements and RAN4 is generally taking care of different UE maximum power reductions analyses and requirements, it would be best if RAN4 started analyses on what further information UEs could provide to the network to limit the number of cases where radio link failure is triggered by large P-MPR used by the UE for ensuring RF exposure compliance. RAN4 should also analyse how fast the UE would need to provide this additional information to the network for avoiding triggering NR UL radio link failure. 
Proposal 1: RAN4 should analyse what kind of new information the UE should provide to the network to avoid triggering NR UL radio link failure due to UE’s large P-MPR for ensuring RF exposure compliance
Proposal 2: RAN4 should also analyse how fast report from the UE to network should be for the network still to receive this additional information or UE report to enable controlled actions in the network
Once RAN4 has analysed what kind of new information and how fast the UE should provide to the network to ease the situation and avoid radio link failure, RAN4 should initiate discussion with RAN1 or RAN2 or both to see how this additional new UE information/ reporting could be introduced in the specifications so that it is fast enough for the network to still receive. 

Proposal 3: Once RAN4 has analysed the proposals 1 and 2 above, RAN4 should trigger discussions with RAN1 and RAN2 to see how this additional new UE information/ reporting could be introduced in the NR specifications. 
3
Conclusions 

This contribution has discussed how large UE P-MPR on FR2 for ensuring RF exposure compliance can trigger NR UL radio link failure and further connection release unless some additional information from the UE to the network is provided. With this new additional information from the UE the network could take some controlled actions instead of radio link failure and connection release. Based on the discussion we make the following proposals:
Proposal 1: RAN4 should analyse what kind of new information the UE should provide to the network to avoid triggering NR UL radio link failure due to UE’s large P-MPR for ensuring RF exposure compliance
Proposal 2: RAN4 should also analyse how fast report from the UE to network should be for the network still to receive this additional information or UE report to enable controlled actions in the network
Proposal 3: Once RAN4 has analysed the proposals 1 and 2 above, RAN4 should trigger discussions with RAN1 and RAN2 to see how this additional new UE information/ reporting could be introduced in the NR specifications. 
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