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Introduction
With the definition of P-MPR in the power control requirements in TS 38.101-2 [1] and the introduction of the UE capability maxUplinkDutyCycle [2], the Rel-15 NR FR2 specification supports UE-initiated procedures to enable the UE to comply with RF exposure regulations.

In the Rel-16 scope of NR specification development, RAN1 has undertaken an effort to enhance beam management procedures as part of the NR MIMO enhancement Work Item [3]:

· Enhancements on multi-beam operation, primarily targeting FR2 operation:
· Perform study and, if needed, specify enhancement(s) on UL and/or DL transmit beam selection specified in Rel-15 to reduce latency and overhead 
· Specify UL transmit beam selection for multi-panel operation that facilitates panel-specific beam selection
· Specify beam failure recovery for SCell with DL/UL as well as DL-only, where PCell can be operating in FR1 as well as FR2 
· Specify measurement and reporting of either L1-RSRQ or L1-SINR


Informative discussions related to beam management enhancement under the conditions of UE compliance with maximum permissible exposure (MPE) requirements have been captured in a number of RAN1 meetings [4], [5], [7], [8].

During the RAN #83 meeting a new Work Item on NR RF requirements for FR2 [9] was approved, which features an objective related to the MPE scenario:

· Enhancements methods for avoiding radio link failures and connection releases due to significant and unpredictable UE P-MPRs due to the FR2 UE RF exposure compliance reasons
· This work is started after RAN#84 when the Rel-15 requirements are completed


With work scope approved for RAN1 and RAN4 potentially targeting the same scenario, some cross-working group coordination may be useful to identify complementary efforts.  It is the aim of this paper to provide such a recommendation.
Discussion
It is not the intention of this paper to propose particular Rel-16 solutions for the MPE scenario, since this work can be performed in the respective working groups.  However, some clarification of RAN1/RAN4 work scope split can be helpful.

The MPE scenario can be understood as the temporary body blockage of the UE and can be considered in the NR FR2 beam management framework. Consider the scenario where the configured beam (e.g. with LOS direction) is blocked, but there is another beam direction free of blockage. The DL RSRP of the configured beam along the LOS direction may be still larger than that of the other beams even with the blockage loss; however, the UL RSRP of the configured beam along the LOS direction can be significantly less due to MPE related power back-off in this direction. Since the Rel-15 beam report only includes DL RSRP, the network would still select the beam for the UL assuming beam correspondence. It is therefore important to enhance the beam management framework (beam measurement and report) to improve the beamforming performance in case of MPE.

In the most recent discussion of this topic, RAN1 has made the following decisions to address the MPE scenario [8]:


Down-select in RAN1#98 from the following options for beam management enhancements:
· Alt1. Support UE to report CRI/SSBRI where the CRI/SSBRI refers to a preferred spatial relation RS for UL transmission
· FFS: Whether to support SRI in addition to CRI/SSBRI
· FFS on details of the reporting configuration (e.g. separate or joint reporting with existing DL beam reporting, introduction of new information from UE such as MPR)
· Alt2. Support SRI field in the DCI can be used to indicate multiple SRS resources and UE’s autonomous selection of one SRS resource for PUSCH beam determination out of the multiple
· Alt3: Reuse Rel-15 beam specific PHR reporting to determine beam-specific MPE impact transparently, i.e., by difference value between Pc,max (which is calculated based on P-MPR) and the required transmission power.
· FFS: Enhancement on UL beam configuration for virtual PHR. 
· Alt4: No enhancements considering MPE issues in Rel-16 RAN1 specifications. It is up to UE implementation in conjunction to RAN4 specicfiation support.
If no consensus in RAN1#98, no further discussion in RAN1.
· 


From the perspective of accelerating the adoption of mmWave technologies, a solution in the NR specification to effectively manage the UE’s Tx beam such that the beam selection is informed by RF exposure considerations is a worthwhile investment of 3GPP resources and can be an essential enhancement of the baseline Rel-15 solution.  Thus, Alt4, as considered by RAN1, is not a useful outcome.

Proposal 1: RAN shall provide guidance to focus on defining a beam management framework enhancement to allow the UE to avoid the large latency associated with the radio link failure and recovery procedure in an MPE scenario.

With 6 months remaining for the Rel-16 MIMO enhancement Work Item, an activity to further scope and prioritize the related objectives in the WID may be anticipated. While it is understandable that RAN1 sets its own schedule for the discussion, having no solution in Release 16 can be problematic from the point of view of delivering competitive system design in FR2. In our understanding, there are two alternatives:

Option 1:  Include the MPE scenario as an explicit target within the multi-beam operation objective of the enhanced MIMO Work Item in the Rel-16 scope.

Option 2:  Include the MPE scenario as an explicit target within the multi-beam operation objective of the potential further enhanced MIMO Work Item in the Rel-17 scope.

Given that RF exposure implications associated with the MPE scenario are of critical importance, the timeline of adopting the enhancements identified in Proposal 1 should be accelerated adopting the corresponding beam management improvements already in Rel-16.

Proposal 2: RAN shall revise the Rel-16 eMIMO WID to include the MPE scenario as an explicit target within the multi-beam operation objective in the Rel-16 scope

An explicit objective in the Rel-16 enhanced MIMO Work Item will also ensure that time is allocated in the RAN1 meetings for discussing the topic. This new objective could be included to the Rel-16 eMIMO WID e.g. as follows:

	· Enhancements on multi-beam operation, primarily targeting FR2 operation:
· Perform study and, if needed, specify enhancement(s) on UL and/or DL transmit beam selection specified in Rel-15 to reduce latency and overhead 
· Specify UL transmit beam selection for multi-panel operation that facilitates panel-specific beam selection
· Specify beam failure recovery for SCell with DL/UL as well as DL-only, where PCell can be operating in FR1 as well as FR2 
· Specify measurement and reporting of either L1-RSRQ or L1-SINR
· Specify solutions for avoiding radio link failures and connection releases due to FR2 UE compliance with maximum permissible exposure (MPE) requirements






The enhancements mentioned in the RAN4 objectives are anticipated as separate and complementary solutions to any potential NR FR2 beam management enhancement solutions which RAN1 may define in the scope of the NR MIMO enhancement Work Item.  These enhancements may be, for example, dynamic indication of maxUplinkDutyCycle, MPE event indication, and power headroom report enhancement; other enhancements are not precluded.  However, it is possible for RAN to provide guidance to RAN4 that beam management enhancements are clearly not in the scope of RAN4 work.


Conclusions
Based on the analysis provided in this paper, the following observations and proposals can be made:

Proposal 1: RAN shall provide guidance to focus on defining a beam management framework enhancement to allow the UE to avoid the large latency associated with the radio link failure and recovery procedure in an MPE scenario.

Proposal 2: RAN shall revise the Rel-16 eMIMO WID to include the MPE scenario as an explicit target within the multi-beam operation objective in the Rel-16 scope
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