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Introduction
In the last RAN4 meeting, we discussed how to approach enhancing our current solutions to prevent potential link failures caused by large P-MPR values as part of the RF requirements enhancements for FR2 work item [1-6]. Since our enhanced solutions will likely require support from other working groups (WG), a RAN4 LS to plenary was approved asking RAN1 and RAN2 to be added as secondary responsible WGs to the WI leadership [7]. After discussions during the last RAN plenary meeting, the WI was revised to include RAN1 and RAN2 as secondary responsible WGs [8]. Though discussions have progressed over the past meetings, no agreements for an enhanced solution have been reached in RAN4. In this paper, we present our views on potential RAN4 enhanced solutions for Rel-16.

Discussion
Rel-15 solutions
In Rel-15 there are two techniques available to the UE to manage the TX power while maintaining RF exposure (RFE) compliance in FR2 [9]. The first is the power management term P-MPR which is always available to the UE if it needs to back off power. The second is the optional UE capability maxUplinkDutyCycle-FR2 which allows the UE to choose its preferred max UL duty cycle and report it to the network [10]. However, the signaling for maxUplinkDutyCycle-FR2 is static, and may lead to restricting the UL duty cycle more than it is needed, and at times when it is not needed. This is why one of the potential enhancements discussed focused on making the signaling dynamic [11]. This signaling will certainly have implications for RAN2. Additionally, a beam management solution, as previously captured in [11] and discussed in [12-14], will impact RAN1. This means communication and collaboration between all working groups is important as we discuss and agree on enhanced solutions.

Rel-16 enhancements
The Rel-16 work item on NR RF requirement enhancements for frequency range 2 (FR2) seeks to enhance methods to avoid radio link failures. Considering the impact RAN4 solutions may have on other working groups, RAN1 and RAN2 were added as secondary WGs for the work item during RAN#85 [8]. Before further details are shared with other working groups, RAN4 needs to agree on the specific solutions. In the next section, we provide our views on potential enhancements for Rel-16.

Dynamic signaling
From network perspective, the UE capability maxUplinkDutyCycle-FR2 fails to provide information of when exactly a large P-MPR or small duty cycle is needed. From UE perspective, the static signaling means the UL duty cycle will always be restricted, and throughput is reduced. This highlights the importance of the first enhancement – dynamic signaling. 

Observation 1: Both the network and UE can benefit from introducing a dynamic signaling enhancement in Rel-16 to help solve potential link issues caused by large P-MPRs.

Essentially, we need the ability to report when a large P-MPR is needed to avoid unnecessarily restricting the UL duty cycle at all times. Whenever a large P-MPR is expected, an event can be raised and signaled to the network. If it can, the network will then adjust the UL duty cycle according to the UEs reported preference. Just like overheating, a large P-MPR is temporary and can be viewed as an event to be triggered and reported dynamically. Currently, overheating is reported through UEAssistanceInformation [15]. A similar approach may be used for a large P-MPR event. Also, either MAC- or RRC-based signaling can be used for the reporting. 

Additionally, RAN4 should discuss and agree on what specific information will be included in the report communicated to the network. For instance, the report may include the UE’s maximum UL duty cycle %, an estimate of the anticipated P-MPR, and power headroom information. Upon reception of the particular dynamic signaling, gNB shall adjust the UL scheduling accordingly (e.g. restrict the UL duty cycle).

Observation 2: For the dynamic signaling solution, RAN4 needs to agree on what specific information will be reported to the network (e.g. max UL duty cycle %, an estimate of the anticipated P-MPR, and power headroom information).

Proposal 1: For Rel-16, RAN4 will introduce an enhanced solution including dynamic signaling when a large P-MPR event occurs. Agreement on what information will be reported to the network is needed.

Beam failure reporting
Another approach to help avoid radio link failures and connection releases due to large P-MPRs could be to use a UE-triggered beam failure reporting mechanism. For instance, if a large P-MPR or duty cycle constraint is detected for the active UL beam, the UE can trigger a corresponding event and signal the network. Further beam assessment can be done to find a beam that either does not require any back off, or has a smaller P-MPR. In fact, once the UE determines P-MPR is “large” and raises the event, there can be choice on whether to restrict the UL duty cycle, or choose a lower P-MPR beam. RAN4 should further discuss the details and criteria for this UL beam failure reporting.

Observation 3: Large P-MPR events can be used to trigger the selection of another beam with lower P-MPR, or to restrict the UL duty cycle.

Proposal 2: RAN4 should continue to discuss enhancements to avoid radio link failures and connection releases due to large P-MPRs based on an UL beam failure reporting approach. 
Conclusions
This paper discussed two enhancements that can be introduced in Rel-16 to address potential link failures in FR2. The following observations and proposals were made:

Observation 1: Both the network and UE can benefit from introducing a dynamic signaling enhancement in Rel-16 to help solve potential link issues caused by large P-MPRs.

Observation 2: For the dynamic signaling solution, RAN4 needs to agree on what specific information will be reported to the network (e.g. max UL duty cycle %, an estimate of the anticipated P-MPR, and power headroom information).

Proposal 1: For Rel-16, RAN4 will introduce an enhanced solution including dynamic signaling when a large P-MPR event occurs. Agreement on what information will be reported to the network is needed.

Observation 3: Large P-MPR events can be used to trigger the selection of another beam with lower P-MPR, or to restrict the UL duty cycle.

Proposal 2: RAN4 should continue to discuss enhancements to avoid radio link failures and connection releases due to large P-MPRs based on an UL beam failure reporting approach.
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