3GPP TSG-RAN4 Meeting #106	R4-2300039
Athen, Greece, 27th Feb 2023 – 3rd Mar 2023

Agenda item:	9.26.1
Source: 	Nokia, Nokia Shanghai Bell
Title: 	Necessity of reporting power class being used by a UE
Document for:	Approval 
Introduction
RAN4#105 discussed an enhancement for SAR issue mitigation in FR1 and approved WF of [1], where followings are captured. 
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This paper shares reasons why report of power class being used by a UE to network is essential and address an LS [2] sent to RAN4 by RAN1
Discussion
Overview
We posted a question of “shouldn’t we have a scheme to report PC being used by a UE?” in [3, 4] under different topics than Rel-18 Coverage enhancement WI In fact, some UE capabilities, e.g., ULFPTx mode and PC have a strong connection each other while an advertised PC shall fall back to one of the lower PCs if a condition, e.g., percentage of uplink symbols transmitted in a certain evaluation period is larger than maxUplinkDutyCycle-PC2-FR1  by a UE, is met. It is, however, not clear when the UE falls back to a lower PC since there is no specific defined UL duty cycle evaluation period and its starting timing. In addition, the UE must return to the advertised PC from the fall-backed PC at some point. There is, however, neither any relevant requirements nor any hints about conditions for the “return” in specifications. Though network needs to know PC being used by a UE is to conduct more suitable feature configurations and/or resource scheduling, there is no clue to obtaining that information.
Observation 1: UE capability and performance requirements by the same UE can be different depending on PC being used by the UE (e.g., ULFPTx mode for a UE capability and A-MPR for performance requirements) 
Observation 2: Network needs to know PC being used by a UE is to conduct the best possible feature configuration and/or resource scheduling.
Observation 3: There is no clear condition when a UE falls backs to a lower PC from an advertised PC and when the UE return to the advertised PC.
Case study on necessity of PC being used by a UE
This section shares some specific examples on issues caused by not knowing PC being used by a UE. 

UL duty cycle
Since a UE shall fallback to a lower PC under certain condition e.g., percentage of uplink symbols transmitted in a certain evaluation period is larger than maxUplinkDutyCycle-PC2-FR1, a network may want to adjust percentage of uplink symbols transmitted in a certain evaluation period to avoid a situation that the UE to further fallback to an even  lower PC, to keep the UE staying in the fallbacked PC, or to enable the UE to return to the advertised PC. Unfortunately, as mentioned before, there is no specific evaluation period requirements, no starting timing for the evaluation and no information on PC being used by a UE, there is no clue for network to adjust the percentage of uplink symbols transmitted.
Observation 4: It is also essential for network to know uplink symbol evaluation period and its starting time on top of the information on PC being used by a UE to avoid a situation that PC changes back and forth.
A-MPR
Side conditions, e.g., relationship between A-MPR value and length of RBs with their location, for A-MPR for some bands are different according to PC, e.g., NS_05 for n1, which means if a network schedules frequency resources without knowing the PC being used by a UE, the UE’s power may significantly change in an unexpected way.
MSD
MSD requirements are defined for a single band as well as a band combination if necessary. The defined values for a band combination can be quite different from PC to PC. For a more specific example, CA_n2-n77 has MSD due to IMD4, which falls into n2 DL. The MSD value for PC3 is 8 dB while that for PC2 is 19.1 dB meaning that more than 10 dB MSD difference can be seen from 38.101-1. If lower MSD reporting feature which has been discussed in Rel-18 RAN4 led WI is defined and if a UE reports a capability that the MSD for PC3 is zero while that for PC2 is 10 dB, then a network has complete freedom of RBs allocation for UL and DL for both bands during PC3 state while if the UE’s PC is 2, the network may try to schedule n2 DL RBs away from a position where IMD4 occurs, schedule n2 and n77 UL RBs’ length and positions not to cause IMD4 in their n2 DL frequency portion or considers  n2 DL, n2 and n77 UL RBs length and positions. These optimizations are, however, not possible without knowing PC being used by a UE is.
UL full power transmission (ULFPTx) mode
As is widely known, performance requirements in FR1 for ULFPTx mode were developed assuming certain PA configurations together with a “targeted” PC. As a concrete example, PC1.5 is discussed here. Performance requirements for PC1.5 was developed assuming that a UE supporting PC1.5 for a band implements two PC2 (26 dBm) capable PAs, i.e., the total power is 29 dBm with TxD. Provided that each PA can reach up to 26 dBm at maximum, it is likely that the UE would report ul-FullPwrMode1-r16 if the UE supports UL full power transmission mode. If the UE fallbacks to PC2, then, ul-FullPwrMode-r16 would become possible. In this case, there must be no reason for network to keep configuring the UE with ul-FullPwrMode1-r16 unless it is needed.
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Figure 1: Relationship between PC transitions and associated ULFPTx mode transitions
SRS antenna switching
A UE can indicate an SRS Tx port switching pattern supported by the UE via e.g., srs-TxSwitch. Performance requirements for expected achievable maximum output power per antenna port are highly related to PC being used by a UE as elaborated below. Suppose a UE supports t1r1-t1r2-t2r2-t1r4-t2r4 for a band whose PC is PC1.5 with TxD, i.e., each Tx chain can achieve not 29 dBm, but rather 26 dBm each. During PC1.5 state, it may be reasonable for a network to configure the UE with t2r2 since the UE can achieve the maximum power of 26 dBm from each antenna port and the total power is 29 dBm that brings the possible max power achievable and minimizes time for SRS antenna switching. If the UE, however, fallbacks to PC2, t2r2 may not be the most appropriate in some conditions. For a more specific example, a network may want to prioritize more power than less time for SRS antenna switching, then, the network may select t1r2, which allows the UE to achieve 26 dBm per SRS transmission per antenna port while if the network selects t2r2, the max power per SRS transmission per antenna port becomes 23 dBm since the total power is capped by 26 dBm. It’s noted that in the aforementioned discussion, ∆TRxSRS is not counted for simplicity’s sake.
Resolution
A contribution of [5] shared a specific resolution to address PC transitions and associated issues. Though we share a similar view with [5] in terms of importance to report PC being used by a UE to network, our understanding is that it is better not to report ΔPPowerClass in the PHR, but rather to report PC being used by a UE directly. If a network loses correct information on PC being used by the UE, relative information like ΔPPowerClass invites errors continuously unless extra errors coincidentally bring the right PC, but it is not possible for network to know actually the right PC. Hence, in order to keep track PC being usedby a UE, the network has to start to know PC being used by a UE when a UE camps on the network and the network has to keep tracking ΔPPowerClass, i.e., the UE shall report ΔPPowerClass whenever a PC falls back or returns. That must be an unnecessary burden for both UE and network sides. It’s also noted that [5] proposed ΔPPowerClass report should be triggered in an aperiodic way. If so, directly reporting PC being used by a UE  regardless of history of power class transition must be more suitable.
Observation 5: Reporting ΔPPowerClass forces a UE to report it whenever PC falls back or returns and a network keeps tracking the PC transition information. This must be a huge burden for both UE and network.
Proposal 1: Introduce a scheme for a UE to report PC being used by the UE.
Proposal 2: For single band HPUE operation, PC being used by a UE must be able to be reported per serving cell. 
Proposal 3: For UL inter band CA HPUE operation, PC being used by a UE must be able to be reported per serving cell per band within a band combination as well as CA PC being used CA for the band combination itself.  
The information on PC being used by a UE is necessary for a network to adjust resource scheduling and/or a feature configuration. At the same time, this is a kind of passive treatment after PC changes. Hence, in addition to it, it is beneficial for a network to know expected UE’s behaviour in terms of PC to avoid a situation that PC changes back and forth in order to control PC, frequency resource, associated features in a proactive way.
Proposal 4: Introduce a scheme for a UE to report uplink symbol evaluation period and starting timing. 
With respect to the details, e.g., if the PC is reported via PHR or not, if it is reported in a periodic way or in aperiodic way (though aperiodic repot would be more reasonable than periodic one), or if the report should be triggered by a certain event or not, they should be discussed in RAN1/2.
Proposal 5: Details on a reporting scheme should be discussed in RAN1/2.
Conclusion
This document has made the following observations and proposals. In addition, a companion LS based on them is drafted in Annex.
Observation 1: UE capability and performance requirements by the same UE can be different depending on PC being used by the UE (e.g., ULFPTx mode for a UE capability and A-MPR for performance requirements) 
Observation 2: Network needs to know PC being used by a UE is to conduct the best possible feature configuration and/or resource scheduling.
Observation 3: There is no clear condition when a UE falls backs to a lower PC from an advertised PC and when the UE return to the advertised PC.
Observation 4: It is also essential for network to know uplink symbol evaluation period and its starting time on top of the information on PC being used by a UE to avoid a situation that PC changes back and forth.
Observation 5: Reporting ΔPPowerClass forces a UE to report it whenever PC falls back or returns and a network keeps tracking the PC transition information. This must be a huge burden for both UE and network.
Proposal 1: Introduce a scheme for a UE to report PC being used by the UE.
Proposal 2: For single band HPUE operation, PC being used by a UE must be able to be reported per serving cell. 
Proposal 3: For UL inter band CA HPUE operation, PC being used by a UE must be able to be reported per serving cell per band within a band combination as well as CA PC being used CA for the band combination itself.  
Proposal 4: Introduce a scheme for a UE to report uplink symbol evaluation period and starting timing. 
Proposal 5: Details on a reporting scheme should be discussed in RAN1/2.
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1	Overall description
RAN4 would like to thank RAN1 for LS on enhancements to realize increasing UE power high limit for CA and DC. 
RAN4 confirmed that information exchange specifically of power class being used by a UE between UE and gNB is helpful for network to make maximum use of performance for UEs capable of a higher power class in general terms as well as for UEs capable of higherPowerLimit-r17 with a following reason.
Performance requirements e.g., expected maximum output power due to e.g., MPR, A-MPR or SRS antenna switching etc., are affected by power class being used by a UE, while the UE may not be always using the advertised power class indicated via UE capability due to fallback and/or return mechanism. There is, however, no clear schemes for network to obtain the information on power class being used by a UE.
RAN4 defers to RAN1 on determining a way(s) of new information exchange by higher layer considerations to achieve following objectives.
· enable network to obtain information on currently being used power class by a UE
· enable network to manage to avoid unexpected power class fallback and manage to make UE to return to a higher power class
2	Actions
To RAN1:
ACTION: 	RAN4 respectfully requests RAN1 to take the above into account in their future work.
2	Date of Next TSG WG RAN4 Meetings:

TSG-RAN WG4 Meeting #106-Bis-e	17th - 26th Apr. 2023         			Online
TSG-RAN WG4 Meeting #107	22nd - 26th May. 2023           Incheon, KR
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