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1 Introduction
In RAN4#92bis meeting, several solutions for the radio link failure caused by MPE have been discussed. And WF [1] was agreed, more detailed information are required to be provided to better understand how these solutions are working and then make a choice in this meeting.
This paper provides some analysis on the radio link failure enhanced solution.
2 Discussion
2.1 Basic principle of solutions
In Rel-15, the maxUplinkdutycycle capability was defined for FR2 UEs to help UE meet the MPE requirements and this capability is reported when UE access the network. PMPR will be used when the scheduled UL duty cycle exceeds UE capability. Some companies believe radio link failure will happen at this time and some solutions are needed to avoid of sudden large power back off used by UE.
In RAN4#92bis meeting, several ideas are provided, like reporting the PMPR that UE uses, or give indication to the network to alarm the upcoming power back off, etc. The final RAN4 centric solution should avoid of large RAN1 spec changes.
To avoid the potential large PMPR used, we generally agree with some companies’ observation that the information signalled to the network shall before the PMPR is applied [2]. With this principle in mind, also less impact to RAN1, we are trying to reuse current signalling to solve the issue.
Observation 1: The information signalled to the network shall before PMPR is used and less impact to RAN1 is desired.
2.2 Duty cycle based solution
With similar approach as in [2], now we utilize the duty cycle as the parameter. As shown in figure 1, some parameters are used here:

· “W” is the calculation window length.

· “MaxUplinkdutycycle” is the already reported capability, UE will utilize PMPR when the scheduled UL duty cycle exceeds this value. And our target is to keep UE UL duty cycle away from this capability.
· “Threshold_duty” is a network configured threshold. 
· At “t1”, the scheduled UL duty cycle achieves this threshold and UE will inform network of the upcoming power back off event and the potential PMPR value.
· “t2” is the time that network takes action on scheduling less UL duty cycle to keep UE away from the “maxUplinkdutycycle”. From t1 to t2 includes the radio transmission delay and processing delay.
In the next calculation window, when scheduled UL duty cycle goes below the “Threshold_duty”, then warning relief information can be signalled to the network to allow scheduling more UL transmission.
From the above parameters and description, it can be observed that with proper “Threshold_duty” defined here, it is possible that UE can inform network of the potential large power back off, and network can avoid of UE utilizing PMPR by scheduling less UL slots to UE. The radio link can be maintained.
Observation 2: Potential radio link failure issue can be solved by defining proper duty cycle threshold which triggers UE reporting PMPR to the network, and link can be maintained by scheduling less UL to UE.
What we need to define are only two parameters:

· One is the “Threshold_duty” which is configured value, and can be percentage based like {10%, 20% … 90%} corresponding to the “maxUplinkdutycycle” UE capability with default value 10%.
· The other is the PMPR utilized by UE when scheduled UL duty cycle exceeds “maxUplinkdutycycle” UE capability, and values could be {0, 2, 4, 6, 8, 10, 12, 14, 16, 18} with default value 0.
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Figure 1 Example of duty cycle based solution
Observation 3: The duty cycle based solution only needs to define two signalling parameters, one is duty cycle threshold configured by network, and the other is PMPR reported by UE.
One question pointed out in last meeting is about the time delay, i.e. whether UE can send quickly enough warning information to the network before the PMPR is utilized. Actually, it can be achieved by two ways:

· One is using lower “Threshold_duty” value and give more room to the “maxUplinkdutycycle” UE capability, i.e. UE can have more time to send signals;
· The other is using moving window in the UL duty cycle calculation as shown in figure 2, and the duty cycle calculation is at symbol level which makes UE can monitor the time that UE achieve “Threshold_duty” as short as 4us in FR2, then signalling can be sent to the network which is quick enough.
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Figure 2 Moving window based duty cycle calculation

Observation 4: UE can discover scheduled duty cycle exceeds the “Threshold_duty” limit at short as 4us which is quick enough information for network to avoid radio link failure. More timing room is allowed by defining lower duty cycle threshold “Threshold_duty”.
In WF [1], the RAN1/2/4 spec impact is asked to be provided for better understanding of the solutions. For this duty cycle based solution:

· No impact to RAN1

· The impact to RAN2 is define the network configured duty cycle threshold “Threshold_duty” and the UE reported PMPR value. 
· No impact to RAN4
Observation 5: Duty cycle based solution have no impact to RAN1/4, and the impact to RAN2 is small.
2.3 Comparison of other solutions
In last meeting, several new energy headroom reporting or exposure headroom reporting based solutions are discussed, however, as it was pointed out the energy headroom or exposure headroom is totally new to 3GPP spec and need better definitions and how it can be implemented by UE and how BS use the reported value is unclear. While, on the contrary, the advantage of duty cycle based solution is that we can reuse the already defined maxUplinkdutycycle framework, and easily be understood and implemented in UE and BS.
Observation 6: Duty cycle based solution can reuse the already defined maxUplinkdutycycle framework, and easily be understood, implemented in UE and BS.
Based on above consideration, we get following proposal.

Proposal 1: Adopt the duty cycle based solution, and ask RAN2 to define signalling of duty cycle threshold which is configured by network, and PMPR reported by UE.
Proposal 2: The values of duty cycle threshold are {10%, 20% … 90%} corresponding to the maxUplinkDutyCycle-FR2 capability with default value 10%.
Proposal 3: The values of PMPR are {0, 2, 4, 6, 8, 10, 12, 14, 16, 18} and default value is 0.
3 Conclusion
Basic principle of solutions
Observation 1: The information signalled to the network shall before PMPR is used and less impact to RAN1 is desired.

Duty cycle based solution
Observation 2: Potential radio link failure issue can be solved by defining proper duty cycle threshold which triggers UE reporting PMPR to the network, and link can be maintained by scheduling less UL to UE.
Observation 3: The duty cycle based solution only needs to define two signalling parameters, one is duty cycle threshold configured by network, and the other is PMPR reported by UE.
Observation 4: UE can discover scheduled duty cycle exceeds the “Threshold_duty” limit at short as 4us which is quick enough information for network to avoid radio link failure. More timing room is allowed by defining lower duty cycle threshold “Threshold_duty”.
Observation 5: Duty cycle based solution have no impact to RAN1/4, and the impact to RAN2 is small.

Comparison of other solutions
Observation 6: Duty cycle based solution can reuse the already defined maxUplinkdutycycle framework, and easily be understood, implemented in UE and BS.

Proposal 1: Adopt the duty cycle based solution, and ask RAN2 to define signalling of duty cycle threshold which is configured by network, and PMPR reported by UE.

Proposal 2: The values of duty cycle threshold are {10%, 20% … 90%} corresponding to the maxUplinkDutyCycle-FR2 capability with default value 10%.

Proposal 3: The values of PMPR are {0, 2, 4, 6, 8, 10, 12, 14, 16, 18} and default value is 0.
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