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1	Introduction
RAN1 has received a LS from RAN4 in [1] indicating that RAN1 should also study additional mechanims to help with FR2 UE RF exposure compliance aspects as part of its Rel-16 NR MIMO enhancement work. In the LS RAN4 informs that it has introduced two methods in Rel-15 to enable the UE to comply with FR2 regulatory exposure limits, one is P-MPR, the other is maxUplinkDutyCycle capability. The RAN4 LS also indicated that for some UE implementations, the needed back off (i.e. P-MPR) to comply with RF exposure regulation could be large, which could lead to radio link failures. On the other hand, the FR2 maxUplinkDutyCycle UE capability for PC3 UEs creates other challenges as discussed in [2] since it is static UE capability not only limiting UE’s duty cycle in difficult MPE situations but rather all the time for FR2 operations. In our previous eMIMO contributions like [3] we have already highlighted this issue and also proposed some UL beamforming solutions to help with MPE in FR2. 
In this contribution we provide further background on why it is important that RAN1 based FR2 MPE mitigation solutions are also developed for the FR2 UE RF exposure compliance and thus, avoiding FR2 radio link failures due to MPE reasons.
2	Discussion

P-MPR and maxUplinkDutyCycle have been identified as mechanisms for the UE to meet the requirements on MPE. The UE might use a restriction on P-MPR or on maxUplinkDutyCycle to address MPE limits, or on both simultaneously.
In TS38.101-2 V15.5.0, Configured transmitted power clause (6.2.4): 
P-MPRf,c is the allowed maximum output power reduction  and maxUplinkDutyCycle as defined in TS 38.331 [13] is the UEreported maximum duty cyle to facilitate the compliance described below. 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.
…
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.


RAN4 communicated to RAN2 in [4]: 
For an FR2 UE when the percentage of uplink transmission time scheduled by the network within a certain evaluation period is larger than its capability, i.e., maxUplinkDutyCycle, UE could do power back off as in TS38.101-2.

Additionally RAN4 endorsed the following Rel-16 FR2 MPE mitigations solutions in [5]:
· 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

[bookmark: _GoBack]Some companies in RAN4 have suggested to use the maximum UL duty cycle limitation as a mechanism to allow for higher EIRP when the UE is closer to the user (i.e. to avoid UE needing to reduce transmit power (high P-MPR) to meet the MPE compliance requirements). Yet, a very small antenna-user separation, a significant reduction of EIRP may still require, even when a low duty cycle is applied. Furthermore, as discussed and concluded by RAN4 the efficient use of maximum duty cycle for FR2 PC3 UEs would require dynamic UE indication to network of its maximum UL duty cycle due to MPE reasons. However, due to late Rel-15 introduction of this new capability only normal static capability was introduced meaning that if the UE indicates maximum UL duty cycle limitations to the network, these limitations are valid all the time. The constraints of the static FR2 maximum duty cycle UE capability is discussed more in [2].
UE restrictions on maxUplinkDutyCycle to meet MPE limits may allow the UE to avoid high P-MPR in some cases, thus to maintain cell coverage at cost of lower throughput and overall FR2 system performance. However, depending on how close the user is to the UE, restricting maxUplinkDutyCycle might not be enough to comply with the limits on MPE. Therefore, the UE may have to reduce the transmitted output power as well as set a restriciton on the duty cycle. The reach of the UE within its cell is critically affected by the P-MPR level, i.e. cell coverage is compromized. Moreover, the amount of power backoff (P-MPR) needed escalates with the number of arrays/panels on the UE. Large power reductions will likely cause Radio Link Failures.
Observation 1: Large reduction to the UE output power will lead to radio link failures. Similarly, limitation to the uplink duty cycle prevents transmitting uplink data and control feedback, leading to throughput loss and potentially radio link failures.
As the network is unaware of when the power backoff occurs, the gNB will be unable to receive enough power from the UE’s uplink transmission in order to decode successfully the UE’s transmitted payload, or  possibly even detect that a transmission took place, eventually leading to a radio link failure. Besides disrupting the user experience, the failure will also require the UE to perform the initial access procedure in order to re-establish its connection towards the network (i.e. transition to RRC Connected mode).
There is a strong need for the network to receive information from the UE that allows the network to cope with restrictions on P-MPR or UL duty cycles constraints due to MPE compliance. On FR2, the network has some degrees of freedom to try to prevent a sudden severe link degradation if it receives additional MPE related information from the UE. If the gNB is informed of MPE situation and related constraints (e.g. a user in close vicinity of the UE, expected restrictions on duty cycle, power backoff in terms of P-MPR), the gNB will have more flexibility and means to mitigate the degradation and to try to avoid the radio link failure by performing a handover to FR1, switching beams, fall-back on 4G, etc. 
Observation 2: If MPE related UE assistance is provided to gNB, the gNB will have the flexibility and means to better mitigate the link degradation or radio link failure caused by MPE issues like a user approaching the antenna location of UE.
Observation 3: With new MPE related information from the UE, the gNB can better cope with a failing link.
The UE and gNB can choose to align with a beam pair that appears sub-optimal, in order to prevent a dramatic link degradation or radio link failure due to a user approaching on the path of maximum power. The gNB could even take a decision to redirect the link (e.g. other panel) to prevent a radio link failure early on, from a user approaching.
Observation 4: Adding MPE like user detection knowledge in the beam alignement techniques adds flexibility for the network to prevent radio link failures.
Proposal 1: RAN1 to investigate and introduce new MPE related UE assistance information to the gNB of MPE situations and related restrictions.

The RAN4 LS was received under eMIMO WI code, but it does not naturally fall under any specific eMIMO sub-agenda item. The eMIMO sub-agenda list could be extended to include MPE mitigation techniques, or the MPE mitigation techniques that don’t necessarily really relate to MIMO could be handled  under some other, more suitable Rel-16 agenda item or even in TEI16.
Proposal 2: Discuss and agree under which agenda item the MPE mitigation techniques should be discussed
· New eMIMO sub-agenda item
· Some other Rel-16 WI (which one?)
· TEI16
3	Conclusion
In this contribution we have provided background of RAN4 work on enabling FR2 UEs to meet the RF exposure compliance limits and what MPE mitigation solutions have already been discussed in RAN4 for the FR2 UE RF exposure compliance in Rel-15 and how FR2 performance could be improved with more dynamic solutions including MPE mitigation solutions requiring RAN1 work. Based on the discussons we make the following observations and proposals:
Observation 1: Excessively reducing the UE output power will lead to radio link failures. Similarly, excessively reducing the duty cycle may prevent sending ACK/NACK and other UL control signaling, thus also cause radio link failures.
Observation 2: If MPE related UE assistance is provided to gNB, the gNB will have the flexibility and means to better mitigate the link degradation or radio link failure caused by MPE issues like a user approaching the antenna location of UE.
Observation 3: With new MPE related UE assisntance and indications, the gNB can cope with a poor link by redirecting the link.
Observation 4: Adding MPE like user detection knowledge in the beam alignement techniques adds flexibility for the network to prevent radio link failures.
Proposal 1: RAN1 to investigate and introduce new MPE related UE assistance to informa the gNB of MPE situations and related restrictions.
Proposal 2: Discuss and agree under which agenda item the MPE mitigation techniques should be discussed
· New eMIMO sub-agenda item
· Some other Rel-16 WI (which one?)
· TEI16
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