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Introduction
As part of the Rel-16 WID on NR RF Requirement Enhancements for FR2 scope [1], RAN4 has been discussing enhanced solutions to avoid radio link failures (RLFs) and connection releases [2-5]. In the way forward from our last meeting [6], we agreed to further discuss the proposed methods and what information will be signaled to the network.
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As captured above, the goal for this meeting is to agree on a solution and send an LS to relevant working groups. To this end, in this paper we discuss our views on the proposed methods, potential signaling approaches and impact on WGs specifications.

Discussion
In recent RAN4 meetings, we have discussed potential ways on enhancing the techniques currently available to the UE to manage the TX power while maintaining RF exposure (RFE) compliance [2-6]. One idea is to enable a dynamic reporting for maxUplinkDutyCycle that can prevent restricting the UL duty cycle unnecessarily [7-8]. Beyond the UL duty cycle, having a dynamic communication will provide a platform for the UE to inform when it needs assistance from gNB. During our last meeting, we categorized the proposed solutions as either a Rapid indication method or an Assistance information method. We will examine both options in the next section.

Proposed methods
Rapid indication method
The idea behind a rapid indication method is to communicate the P-MPR event to the network as soon as possible, much like an alert. However, it is not clear what gNB will do after receiving this single piece of information. Moreover, it would be beneficial for gNB to have additional information before deciding how to proceed - may include the desired max UL duty cycle and alternative UL beam (using SSBRI or CRI). In fact, the information provided should clearly qualify the current situation of the UE to gNB. If we consider additional information, this method starts resembling the second Assistance information method.

Observation 1: Including additional information beyond an alert helps the network determine the best step to take. This is why an Assistance information method is useful.

Assistance information method
The Assistance information method can both raise the event and provide additional information in the shape of a power headroom (PHR), or dynamic/multiple max UL duty cycle. As previously discussed, the goal here is to provide the network a better understanding of the UE’s situation so it may provide assistance. It is worth noting that much of the aforementioned information is already provided the in the PHR MAC CE. We will further discuss this in a later section.

During online discussions, companies aligned in wanting to introduce assistance information [4], with most stating either an RRC- or MAC-based signaling could be used. In the following sessions we will assess each approach by first focusing on what is already defined and can be reused or modified to suit our needs. This is important to highlight as we should avoid defining a new RRC- or MAC- based solution, if we want to minimize impact on technical specifications.

RRC-based signaling
As previously suggested in [7-8], we can use the existing RRC message UEAssistanceInformation [9] and introduce new IEs for either the preferred UL duty cycle or P-MPR. For this solution, RAN4 will need to align on the following parameters:
· Information included in report: P-MPR, preferred UL duty cycle, PHR
· Triggering conditions for the report
· threshold for preferred UL duty cycle (below a certain percentage)
· threshold for P-MPR (above a specific value)
· Potential numbers for the prohibit timer (ensures UE does not send too many messages)
	
RRC Assessment
A major benefit of using RRC is that there is a well-stablished approach that can be modified or enhanced to capture the information we want. Of course, RAN2 will need to design a separate procedure for those modifications or enhancements, but this should not present a problem. Additionally, impact to RAN2 specification will be limited to TS38.331 [10] only. However, the biggest drawback is that it is the slowest signaling available.

Observation 2: There is a well-stablished approach for an RRC-based solution that only impacts TS38.331, but it may not be the best solution for time-sensitive reporting.

MAC-CE-based signaling
MAC CE is delivered faster than an RRC message. Similar to RRC, there is a defined PHR MAC CE we can reuse [10]. However, we should first discuss if we need to add new information to the report. This part of the discussion should focus on what will be truly beneficial for both the UE and network. For instance, beyond the already reported single bit P field and nominal transmit power level, we may consider enhancements such as using more than one bit for the P field, adding the UL duty cycle preference, and P-MPR level (even for different beams). It is, however, important to note that while there is flexibility to modify or even design a new enhanced format for PHR, it is overall a more involved process compared to RRC.

As we did before, below we will list the main points RAN4 should align on for this solution:
· Beyond what is included in the current PHR format, what is relevant for us to consider adding
· Preferred UL duty cycle, more than one bit for P field, etc.
· Do the listed events that trigger the power headroom report need to be modified [10]
· Align on the full list of triggers in TS38.321
· For example, the list contains Note 2, which reads the following:
· The MAC entity should avoid triggering a PHR when the required power backoff due to power management decreases only temporarily (e.g. for up to a few tens of milliseconds) and it should avoid reflecting such temporary decrease in the values of PCMAX,f,c/PH when a PHR is triggered by other triggering conditions.
· Timer considerations
	
MAC Assessment	
As with RRC, there is an already defined PHR format we can follow. If we want to enhance the current format, RAN2 would need to design a new format. In this case, doing so is more involved. However, considering it is a faster approach, this may be needed. Lastly, impact to RAN2 specification will include TS38.321 and TS38.331.

Observation 3: Similar to RRC, there is an established format for PHR that we can reuse. While an enhanced report format can be designed, it is more work.


From the above discussion, it is clear that either RRC- or MAC - signaling can be used as a potential solution. If PHR can be used as is, then this would require the least amount of work. Then, this one would be followed by modifying/enhancing UEAssistanceInformation. Of course, this is at the expense of a significantly slower signaling. Lastly, while a designing a new enhanced PHR format may be more involved, it will allow us to get all the information we need while providing faster signaling.

Observation 4: Either RRC- or MAC-CE based signaling can work as a solution. While we are open to discuss both, our preference is to do MAC- based.

Proposal 1: Introduce a MAC-based solution with enhanced PHR MAC-CE that includes relevant information on the UE UL duty cycle preference, and P-MPR.

Conclusions
In this paper we assessed different approaches that RAN4 can introduce in Rel-16 to address potential link failures in FR2. The following observations and proposals were made:

Observation 1: Including additional information beyond an alert helps the network determine the best step to take. This is why an Assistance information method is useful.

Observation 2: There is a well-stablished approach for an RRC-based solution that only impacts TS38.331, but it may not be the best solution for time-sensitive reporting.

Observation 3: Similar to RRC, there is an established format for PHR that we can reuse. While an enhanced report format can be designed, it is more work.

Observation 4: Either RRC- or MAC-CE based signaling can work as a solution. While we are open to discuss both, our preference is to do MAC- based.

[bookmark: _GoBack]Proposal 1: Introduce a MAC-based solution with enhanced PHR MAC-CE that includes relevant information on the UE UL duty cycle preference, and P-MPR.
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* In RAN4#93 companies provide further analysis on details of their proposed solution such as
¢ Expected signaling latency of the proposed solution
¢ For example what is the time between UE detects MPE event and BS receives the MPE event
information
¢ Provide RAN4 specification impact
* RAN1 and RAN2 specification impact is encouraged to be provided in RAN4 contribution
* RAN4 chooses the solutions to address MPE
* LSis sent to RAN1 or RAN2 or both if needed
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