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1 Background
A way forward on FR2 MPE enhancements was agreed in [1] but no decisions were taken, the methods listed were 

· Rapid indication methods
· P-MPR
· Before P-MPR is taken
· While P-MPR is applied
· Can be one bit or include more information

· Alert/Emergency signal to indicated back off is about to happen

· Is this alert only or does it contain more information?

· Assistance information methods

· Energy headroom
· How much energy UE has for transmissions until specific time

· Power headroom [could be OK for single-entry]
· PHR reporting is in place already

· Exposure headroom 

· Dynamic or Multiple maxUplinkdutycycle
Would any of these metrics be beneficial for UL link maintenance and scheduling? In this contribution we discuss these mechanisms in relation to existing uplink maintenance already available, particularly for RLF. In view of these existing mechanisms it is perhaps more relevant to consider EN-DC for which case the coordination between the CGs may be limited?
Adding P-MPR reporting in the single-entry PHR is perhaps an obvious change that would make indication consistent with the multi-entry PHR. There are currently two reserved bits in single entry PHR for PH, therefore one possible way is to use the spare bits to transmit the P-MPR information.  On the other hand,  spare bits may be needed for other purposes and new bits might be needed.. But this is indeed a possible change.
Defining a exposure headroom threshold in terms of a fraction of the MPE limit could be challenging: the estimated P-MPR and MPE impact presented in RAN4 contributions for given scenarios have varied between a few dBs (including zero) and 20 dB. Can this be predicted by e.g. an energy headroom estimate? 
With regard to assistance in general, we remark that it is not only the user that can become overheated (exposed), there are already assistance mechanisms for overheated UEs in the RAN2 specifications. 
The standard already contains methods for beam management and recovery of DL/UL radio link failures. Judging from UE vendor inputs, it appears that the P-MPR (FR2) is either triggered by 

1. proximity sensor or detection (the latter can be as simple as simultaneous use of the UE loudspeaker and microphone, phone near the ear… if relevant for FR2)

2. an excessive FR2 UL duty cycle, P-MPR inversely proportional to the duty cycle above a threshold.
Regarding the first item, a large P-MPR may be triggered by proximity if the user puts her/his finger(s) on the antenna, but then the DL link will be impaired (although the link budget is not balanced so UL is worse) and existing RLF and beam recovery may be initiated. 
Regarding the second item, there is already a duty cycle capability indication for FR2, and some vendors may apply P-MPR when this capability is exceeded (the UE must always follow the UL SG). Now P-MPR can be applied even though the duty cycle is within the capability in case the UE is equipped with a proximity sensor. 

Next we discuss the radio link failure, use of PHR and the expected time scale of changes. 
2 Radio link failure, PHR and link adaptation in the UL
That the PUSCH is not received or with degraded quality due to P-MPR application will be noticed by the gNB that is normally equipped with link adapation.
The risk of radio link failure (RLF) and rapid changes has been discussed in the context of MPE enhancement. We recall that the UE can declare RLF for three reasons
1. Persistent indication of poor DL quality based on measurement on a DL RS

2. RLC failure when the UE has made the maximum number of RLC retransmissions

3. RACH failure

The MPE and P-MPR affect the UL, which means that it primarily items 2 and 3 that are relevant for RLF. 
RACH failure appears somewhat far-fetched: RACH transmissions are quite scarce and the transmissions occur over long periods, of the order of 10 ms. 

RLC retransmissions are not frequent, these are governed by either setting a timer or by explicit RLC NACK requirested by the network. At any rate, the UE is not likely to retransmit more often than e.g. 30 ms and the entire process has a duration of the order of 100 ms.

For the DL, RLF can be triggered if the user interacts with the antenna panel, but then there are other mechanisms for link recovery.
Reporting of PHR must also assume that the report is actually received by the gNB. In practice the gNB is equipped with link adaptation (LA), a more likely scenario is that the LA would change its settings when the PUSCH is not received and adjust to a poorer UL link quality.

Hence it is not likely that MPE would lead to RLF triggered by the UL, and the time scale of changes does not motivate further changes to RAN1 specifications. 
RAN2 changes should be considered if any. The EN-DC case if perhaps more relevant since coordination between CGs may be limited. In addition, transmission on both FR1 and FR2 simultaneously will restrict the available transmit power in FR2 before the MPE limitation is met. Now, if P-MPR is applied in the MCG (E-UTRA) in FR1 due to proximity indication, it is likely that the same happens in FR2. Notwithstanding, the EN-DC case should be investigated futher and a relevant case for initial deployment.
Any enhanced P-MPR reporting should also consider the magnitude of the P-MPR. It should be remarked that in the field the gNB cannot distinguish between P-MPR and MPR -- the actual applied is not known -- as input for link adaption. How large is the P-MPR expected? Inputs to RAN4 have suggested 0-6 dB, 17 dB and over 20 dB for the same scenario. 
3 Conclusion
Radio link failure (RLF) and rapid changes has been discussed in the context of MPE enhancements. It is observed that is not likely that MPE would lead to RLF triggered by the UL, and the time scale of changes does not motivate further changes to RAN1 specifications. We recall that the PUSCH is not received or with degraded quality due to P-MPR application will be noticed by the gNB that is normally equipped with link adapation.
RAN2 changes should be considered if any. Adding P-MPR reporting in the single-entry PHR, possibly indicating the magnitude of the P-MPR, is perhaps the most obvious change that would make indication consistent with the multi-entry PHR. However, spare bits might be needed for other reporting purposes so so further investigation is needed. 

The EN-DC case is perhaps more relevant since coordination between CGs may be limited.
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