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1 Introduction

In RAN4#86bis, WF on FR1 HPUE behavior [1] was agreed and an LS [2] was sent to RAN2 about the RAN4 agreements. RAN4 agreed to introduce a UE capability of maxUplinkDutyCycle to indicate the maximum percentage of uplink time that power class 2 UE can support to meet SAR regulation requirements. If the uplink time scheduled by network in [x] ms exceeds the maxUplinkDutyCycle then PC2 UE can fall back to PC3. The time period of [x] ms is FFS.
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* To solve the SAR issue for power class 2 UE, a UE capability of maxUplinkDutyCycle is proposed to
be defined which represents the maximum percentage of uplink time that can be scheduled
during [X]ms to ensure compliance with applicable electromagnetic energy absorption
requirements.

* The default value of maxUplinkDutyCycle is 50%. E.g. If the field is absent, the UE shall apply
the default value.

* For a power class 2 capable UE operating on Band n41 n77 n78 n79, when the percentage of
uplink time scheduled by the network in [X]ms is larger than its capability, the requirements for
power class 2 are not applicable, and the corresponding requirements for a power class 3 UE shall

apply.




This paper will further discuss the impact of this mechanism and our proposals.
2 Discussion
2.1.
Mechanism parameters
The main purpose of this mechanism is to give network more flexibility in scheduling UL/DL symbols and also make sure UE can meet SAR regulation requirements. With this mechanism, network potentially can schedule any UL/DL configurations to certain UE and let UE to do statistical calculation all the time within [x] ms and decide whether it should fall back to PC3 or not. As we all known, UE is power consumption sensitive and make UE to do the calculation in all the connected time is not power efficient.
Observation 1: UE is power consumption sensitive and make UE to do the calculation in all the connected time is not power efficient.
The reason why we discussed for such a long time to limit the UL duty cycle is because when UE doing SAR testing with maximum power the SAR limit cannot be met. Thus, we can see that if UE transmit lower power then larger UL duty cycle can still be used. In other words, when the power is below or equal to PC3, then all the UL/DL configurations can be used. Therefore, if UE detects it transmit power is below PC3 then no UL duty cycle restriction and calculation is needed. This will be much helpful to UE power consumption, also to the network scheduling.
Observation 2: If UE transmit power is lower than 26dBm then larger UL duty cycle can still be used.
Proposal 1: UE do not need to do UL duty cycle calculation when it’s transmit power is below 23dBm and all the UL/DL configurations can be scheduled.
The [x] ms statistical time length will have affection to UE buffer resources and power consumption. Long statistical time require more UE resources but can relief UE from frequent power adjustments. On the contrary, short statistical time consumes less UE resources but may burden UE with changing its power levels. Thus, we need to balance the time length. 

According to the mechanism, when UL duty cycle exceeds maxUplinkDutyCycle then UE will change to power class 3. This will lead to the power class change and PHR jump change. UE may need to inform BS about the new power class. One possible way is to leverage PHR reporting to carry power class change indication. The minimum period of PHR reporting is 10ms [4][5]. From this perspective, we propose 10ms as the statistical time length.

Proposal 2: Use 10 ms as the statistical time length of uplink duty cycle calculation.
Up to now we only discussed the length of the uplink duty cycle calculation time window, it should be noticed that the statistical calculation is not one step procedure but a continuous real time calculation [3]. This calculation will both be carried out by BS and UE, the alignment between them need to be guaranteed. Therefore, the step size when moving the statistical window need to be specified. Considering the UL/DL configuration is slot based, we propose to use one slot as the step size.
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Proposal 3: Use one slot as the moving step size of statistical calculation window.
2.2.
UE behavior
Usually, power back off is one of the methods UE use to meet SAR regulation requirements based on proximity sensor. Even UE reports its maxUplinkDutyCycle capability, it does not mean UE cannot use P-MPR to do further power back off to meet SAR requirements as LTE Band 41 HPUE did. The main function of maxUplinkDutyCycle is to make HPUE use smaller P-MPR as PC3 UE does to meet SAR and OTA simultaneously.
Observation 3: P-MPR can still be used for HPUE to meet SAR requirements even with maxUplinkDutyCycle capability reported.
Besides, we also find there may be still some potential problems in changing power class. According to the mechanism, when uplink duty cycle in [x] ms exceeds maxUplinkDutyCycle UE will fall back to power class 3. This may cause UL power level jump change before and after the power class adjustment, and may cause UE UL connection failure. The handling of this situation need to be specified.
Observation 4: Changing of power class when uplink duty cycle exceeds the maxUplinkDutyCycle may cause UL connection failure.
Proposal 4: Handling of connection failure caused by UL power level difference before and after the power class change need to be specified.
3 Conclusion

Observation 1: UE is power consumption sensitive and make UE to do the calculation in all the connected time is not power efficient.
Observation 2: If UE transmit power is lower than 26dBm then larger UL duty cycle can still be used.
Observation 3: P-MPR can still be used for HPUE to meet SAR requirements even with maxUplinkDutyCycle capability reported.
Observation 4: Changing of power class when uplink duty cycle exceeds the maxUplinkDutyCycle may cause UL connection failure.
Proposal 1: UE do not need to do UL duty cycle calculation when it’s transmit power is below 23dBm and all the UL/DL configurations can be scheduled.
Proposal 2: Use 10 ms as the statistical time length of uplink duty cycle calculation.
Proposal 3: Use one slot as the moving step size of statistical calculation window.
Proposal 4: Handling of connection failure caused by UL power level difference before and after the power class change need to be specified.
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