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Introduction
RAN4#90 agreed the following values for the UE capability of FR2 maximum UL duty: {2%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%} in LS to RAN2 [1]. In the RAN4 LS to RAN2 in [8] RAN4 has informed RAN2 this FR2 maximum UL duty UE capability is intended for PC3 UEs (handheld UEs).
RAN#83 discussed the FR2 system and performance implications due to this static UE capability and especially its lowest duty cyclevalues. RAN#83 decided to update FR2 maxUplinkDutyCycle capability and requested RAN4 to further evaluate if any value <= 10% should be included. 
	· RAN would like to inform RAN4 and RAN2 that it has updated the FR2 maxUplinkDutyCycle capability values as follows {2%, 10% (TBD), 20%, 25%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%} 
· RAN4 is asked whether any value  <= 10% should be added
· RAN asks 
· RAN2 to introduce FR2 maxUplinkDutyCycle capability signalling accordingly
· RAN2 to evaluate backwards compatibility



Following the RAN#83 guidance in this contribution we discuss and analyse FR2 system implications caused by the introduction of the UE capability for FR2 maximum UL duty for PC3 UEs and especially the lowest duty cycle values in the planned UE capability signalling.
Discussion
The static UE capability limitations for FR2 maximum UL duty cycle is additional method for UEs to meet FR2 UE RF exposure compliance. Earlier RAN4 had already introduced P-MPR, which allows UEs to reduce its UL transmit power without any requirement limitations. The aim of this additional UE capability for FR2 maximum UL duty cycle limitations was to give UE additional method for meeting FR2 UE RF exposure compliance so that UE could potentially avoid large UE Tx power reductions (P-MPR) causing radio link failures. However, despite the earlier RAN4 agreements and information provided to RAN2 in [8] RAN4 has not introduced any requirements constraints for the UE indicating FR2 maximum UL duty cycle less than 100%. This means that the UE is allowed to reduce its transmit power without any limitations by using P-MPRwhile also indicating low maximum UL duty cycle capability e.g. 20%. Furthermore, since FR2 maximum UL duty UE capability is static UE capability, this same maximum UL duty cycle limitation is valid all the time i.e. not only when the UE has indicated difficult MPE situation. 
Observation 1: The current TS38.101-2 allows UE to indicate very low FR2 maxUplinkDutyCycle capability (e.g. 20%) and at the same time use as much P-MPR as the UE considers needing for meeting the FR2 UE RF exposure compliance
When RAN4#90 agreed signalling range for the FR2 Maximum Uplink Duty Cycle, RAN4 did not analyse how well FR2 NR systems would work with these limited FR2 maximum UL duty cycles, In our view the lowest UL duty cycles like 2% - 10% do not even enable basic UL control signalling related to FR2 DL only traffic especially as UE capability for FR2 Maximum Uplink Duty Cycle is valid all the time and not only in difficult MPE situations. For instance, if an operator uses the TDD pattern of ‘DDDSU’ or ‘DDSU’ as indicated in [7] and a FR2 UE only supports maxUplinkDutyCycle of 10%, it is difficult to see how the UE would be able to send all the necessary UL signaling e.g. for HARQ feedback and CSI transmissions even related to DL only data traffic without significantly impacting FR2 system performance and even DL data rates. Therefore, in our view RAN4 should confirm the RAN#83 decision that no FR2 maxUplinkDutyCycle values equal or below 10% should be defined.
Observation 2: 2% - 10% FR2 maxUplinkDutyCycle may not enable that even basic UL control signalling related to FR2 DL only traffic is transmitted by the UE.
Proposal 1: Confirm that no FR2 maxUplinkDutyCycle values <= 10% should be defined
RAN4 also made the following agreements as part of agreeing UE capability on FR2 Maximum Uplink Duty Cycle captured [6]:
This % does not affect basestation scheduler. That clarification is captured in the next meeting.
However, RAN4 did not discuss what UE behaviour is if the network does not or cannot follow the FR2 max UL duty cycle capability indicated by the UE. For FR1 maxUplinkDutyCycle-PC2-FR1 is defined for higher UE power class 2 with the values {60%, 70%, 80%, 90%, 100%} and default of 50%. For FR1 also UE fallback behaviour and performance requirements are specified in TS38.101-1 so that the FR1 PC2 UE fallbacks to lower UE power class PC 3 if the percentage of uplink symbols transmitted within a given evaluation period is larger than than the maximum UL duty cycle supported by the UE for FR1 PC2. For FR2 maxUplinkDutyCycle no fallback UE behaviour or requirements have been specified although the lower values for the FR2 maximum UL duty cycles are significantly smaller than for FR1. The same fallback UE behaviour and performance requirements as for FR1 could not be defined for FR2 UEs as FR2 maxUplinkDutyCycle is intended for FR2 PC3 UEs [8]. Thus, there is no lower power class for hand held FR2 UEs to fallback to. Thus, RAN4 should discuss discuss and decide what the FR2 PC3 UE should do if UL scheduling commands schedule more UL transmissions than indicated by FR2 maxUplinkDutyCycle capability. If UE behaviour or requirements are not specified, some UEs might drop UL data transmission including UL control data transmission on their own even rather frequently and these UL data drops may not limited to the cases where MPE reasons would require lower UL duty cycle or use of P-MPR.. Therefore, it is important that UE requirements and behaviour is defined if the scheduled UL transmissions would require higher UL duty cycle than supported by the UE.
Observation 3: The lowest maximum duty cycle UE capability for FR1 PC2 of 50% is significantly higher than the ones considered for FR2 {2%, 10% (TBD), 20%, 25%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%}
Observation 4 : No fallback solution e.g. similar to one for FR1 is specified for FR2 when the scheduled UL data traffic is more than UE indicated in UE capability for FR2 maxUplinkDutyCycle 
Proposal 2:: Specify UE requirements for the case that the scheduled UL data traffic is more than indicated by FR2 maxUplinkDutyCycle UE capability signalling to avoid UEs dropping UL data transmission (data or control) on unpredictable manner
Since RAN4 has already agreed that the FR2 maxUplinkDutyCycle does not affect BS scheduler and there is no fallback mechanisms or requirements defined for the UE, in our views the UE should always follow the network UL scheduling commands even if scheduled UL data transmission exceeds maximum UL duty cycle indicated byt the UE. If in these situation UE experiences MPE issues, it the UE should use P-MPR for meeting the FR2 UE RF exposure compliance as already earlier agreed in RAN4. Considering that the BS schedulers are not impacted by the introduction of the new FR2 PC3 maxUplinkDutyCycle capability signalling, UEs cannot solely rely on maximum UL duty cycle limitations in the FR2 RF exposure compliance but instead UEs also need to implement P-MPR based mechanisms. 
Proposal 3: Specify that if the scheduled UL transmission means higher UL duty cycle than indicated by the UE capability signalling, the UE still needs to follow the UL scheduling decisions. In MPE situations the UE is allowed to use P-MPR for FR2 RF exposure compliance. 
RAN4 has not yet decided default value for the FR2 maxUplinkDutyCycle UE capability when the UE has not signalled any value. Considering that this new the FR2 maxUplinkDutyCycle UE capability has not yet been included to the RAN2 specifications it is important to consider backwards compatibility aspects for the UEs that do not support this UE capability signalling. 100% UL duty cycle as default value would not create any backwards compatibility issues and would not require any new fallback mechanism to be supported by the UEs do supporting this new UE capability.
Proposal 4: Define 100% as default value for FR2 maxUplinkDutyCycle to avoid any backwards compatibility issues
Conclusions
In this contribution we have discussed and analysed FR2 system implications caused by the introduction of the UE capability for FR2 maximum UL duty for PC3 UEs and especially the lowest duty cycle values in the planned UE capability signalling. Based on the discussions and analyses we make the following observations and proposals:
Observation 1: The current TS38.101-2 allows UE to indicate very low FR2 maxUplinkDutyCycle capability (e.g. 20%) and at the same time use as much P-MPR as the UE considers needing for meeting the FR2 UE RF exposure compliance
Observation 2: 2% - 10% FR2 maxUplinkDutyCycle may not enable that even basic UL control signalling related to FR2 DL only traffic is transmitted by the UE.
Observation 3: The lowest maximum duty cycle UE capability for FR1 PC2 of 50% is significantly higher than the ones considered for FR2 {2%, 10% (TBD), 20%, 25%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%}
Observation 4 : No fallback solution e.g. similar to one for FR1 is specified for FR2 when the scheduled UL data traffic is more than UE indicated in UE capability for FR2 maxUplinkDutyCycle 

Proposal 1: Confirm that no FR2 maxUplinkDutyCycle values <= 10% should be defined
Proposal 2:: Specify UE requirements for the case that the scheduled UL data traffic is more than indicated by FR2 maxUplinkDutyCycle UE capability signalling to avoid UEs dropping UL data transmission (data or control) on unpredictable manner
Proposal 3: Specify that if the scheduled UL transmission means higher UL duty cycle than indicated by the UE capability signalling, the UE still needs to follow the UL scheduling decisions. In MPE situations the UE is allowed to use P-MPR for FR2 RF exposure compliance. 
Proposal 4: Define 100% as default value for FR2 maxUplinkDutyCycle to avoid any backwards compatibility issues
In [9] we propose corrections to TS38.101-2 based on the discussions and proposals in this contribution.
References
[1] R4-1902489, LS on FR2 maxUplinkDutyCycle capability values, RAN4
[2] RP-190755, WF on FR2 maximum UL duty cycle, Nokia, Nokia Shanghai Bell 
[3] RP-190505, Correction to aperiodic CSI-RS triggering with different numerology between PDCCH and CSI-RS, Ericsson, AT&T, T-Mobile USA, Sprint, Nokia, Nokia Shanghai Bell
[4] R4-1902193, LS on Rel-16 MPE Mitigation techniques, RAN4
[5] R4-1816637, RFE compliance in FR2 - ad hoc minutes, Intel Corporation
[6] draft RAN4#90 Meeting report v2
[7] R4-1809555, Summary of operators input on the TDD patterns for NR UE performance tests in Rel-15, Ericsson, Verizon, AT&T, CMCC, NTT Docomo, KDDI
[8] R4-1816756, LS on FR2 MPE, RAN4
[9] R4-1903084, Draft CR to TS38.101-2 on FR2 PC3 UE maxUplinkDutyCycle, Nokia, Nokia Shanghai Bell




