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1. Introduction
In RAN4#88bis meeting, two papers [1][2] were submitted on RF exposure compliance in FR2 and a WF [3] has been approved. 
· RAN4 should decide whether to solely rely on P-MPR to maintain compliance with RFE limits, or introduce necessary mitigation techniques to prevent the radio link failure and optimize performance
· Possible options
· Introduce a maximum uplink duty cycle restriction as optional
· UE provides information for the network to avoid UL link failure due to large power back-off
· Other techniques are not precluded, for example:
· Dynamic uplink duty cycle restriction
· Beam refinement requests
In this paper, restriction on maximum uplink duty cycle was discussed and some observations were provided. Some issues on P-MPR was also discussed. 
2. Discussion
2.1. Maximum uplink duty cycle restriction
In Intel contribution [1], P-MPR and maximum uplink duty cycle restriction is listed as two comparable method to maintain RF exposure compliance. The thinking is since FR1 has already introduced maximum uplink duty cycle restriction and a corresponding power class fall-back scheme, FR2 can reuse most of the procedures in FR1. However, it is found that many differences between the case in FR1 and FR2, and some concerns exist.
The FR1 scheme is originated from LTE TDD in which uplink duty cycle was controlled by means of selection of certain UL/DL configuration when 26dBm HPUE was introduced compared to default 23dBm UE. The basic thinking is try to control the total radiation by cutting the active time less than half, then keep the SAR level not worse. For FR1, a default 50% value of uplink duty cycle restriction is based on the 3dB power difference between PC2 and PC3.
Observation 1: Similar to LTE, for NR FR1, the purpose of UE power class fall back from PC2 to PC3 is to keep SAR level not worse. 
In addition, the default 50% maxUplinkDutyCycle is no longer meaning for since this number corresponds to 3dB power back off for NR FR1.
Observation 2: For FR2, 50% restriction of uplink duty cycle no longer applies for the power drop other than 3dB.
For FR2, there is an observation from [1] “For FR2, changing power classes is only possible for PC1 and would mean a 12 dB drop”. However, unlike power class 2 and 3 for FR1 which are all defined for handheld UEs, power classes for FR2 are defined for different types of UE. Power class 1 is defined for fixed wireless access (FWA) and power class 3 is for hand held UE. It is likely that power class 1 UE which is defined for fixed wireless access (FWA) would apply a different RF exposure compliance requirements. In this case, a discussion of power class fall-back from power class 1 to other power class might be meaningless, since both the intended UE type and the requirement applicability are different.

Observation 3: For FR2, different UE power class means different UE types and requirement applicability may also different, then UE power class fall back for FR2 from PC1 to other power classes could be meaningless. 
Based on these observations, there is a following proposal:
Proposal 1: Do not consider 12dB fall back from PC1 to other power class as a defined behaviour in the spec. 
Furthermore, uplink duty cycle is determined based on the network configuration and scheduling. We can consider having a power back off scheme based on different UL duty cycle. E.g, higher UL duty cycle involves higher power back off. This might be treated as a supplemental scheme that could be defined inside RAN4 beside P-MPR scheme which is completely up to UE implementation. However, this may also not be that necessary, particularly if P-MPR scheme was somehow enhanced and testable.
Observation 4: Power back off definition in RAN4 which involves uplink duty cycle changes could be considered, but may not be essential.
Proposal 2: Maximum uplink duty cycle restriction scheme needs to be modified if it is considered to be introduced as optional for RF exposure compliance in FR2.
2.2. P-MPR mechanism

P-MPR is the existing scheme used to satisfy RFE limits for FR2 devices as [2] has referenced. It was observed since there is no limit for P-MPR value, FR2 devices may have a sudden uplink power drop in order to meet the regulatory requirements, which would cause unnecessary radio link failure. However, there still could be other reasons for a sudden uplink power drop, such as MPR change etc. The network actions proposed in [2] that could be avoid link failure could also actually be used for other power drop scenarios. So it is still doubtful whether reporting P-MPR could actually be beneficial.
Observation 5: It is still doubtful whether reporting P-MPR could actually be beneficial.
Another issue about radio link failure also exists. It has been confirmed that RLF is based on the result of radio link monitoring, which measures the quality of the downlink reference signal. For LTE, whether to trigger RLF is based on the measurement result of the signal quality of CRS; for NR, it is based on the signal quality of SSB or CSI-RS. However, the case of RLF RAN4 brought up is based on the sudden drop of uplink power. We think there might be differences between UL and DL and this also needs some consideration.
Observation 2: Triggering RLF is based on the quality of the downlink RS according to spec, while the case of uplink failure is based on the sudden drop of uplink power. Some considerations might be needed regarding the possible difference between UL and DL.
2.3. Other possible solutions

Other techniques like beam refinement requests and dynamic uplink duty cycle restriction are not precluded as long as they have advantages. If more techniques are introduced, UE has the flexibility to which method to use and some additional work from RAN2 related to the UE and network behaviour of choosing might be needed. However, more ways to do power back off may bring further complexity for the spec and not necessarily more is better.
Proposal 3: Other possible solutions are not precluded. The complexity issue should also be taken into account.
3. Conclusion
This contribution discusses whether to solely rely on P-MPR method to satisfy RFE limits or introduce other possible mitigation techniques based on last meeting WF. The following observations and proposals are made:
Observation 1: Similar to LTE, for NR FR1, the purpose of UE power class fall back from PC2 to PC3 is to keep SAR level not worse. 
Observation 2: For FR2, 50% restriction of uplink duty cycle no longer applies for the power drop other than 3dB.
Observation 3: For FR2, different UE power class means different UE types and requirement applicability may also different, then UE power class fall back for FR2 from PC1 to other power classes could be meaningless. 
Observation 4: Power back off definition in RAN4 which involves uplink duty cycle changes could be considered, but may not be essential.
Observation 5: It is still doubtful whether reporting P-MPR could actually be beneficial.
Proposal 1: Do not consider 12dB fall back from PC1 to other power class as a defined behaviour in the spec. 
Proposal 2: Maximum uplink duty cycle restriction scheme needs to be modified if it is considered to be introduced as optional for RF exposure compliance in FR2.
Proposal 3: Other possible solutions are not precluded. The complexity issue should also be taken into account.
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