3GPP TSG-RAN WG4 Meeting # 108bis											           R4-2317262
Xiamen, China, October 09 – 13, 2023

Agenda item:			5.27.3
Source:	Moderator (Huawei, HiSilicon)
Title:	Topic summary for [108bis][139] NR_cov_enh2_part1
Document for:	Information
[bookmark: _GoBack]Introduction
This contribution summarizes the documents that are submitted to agenda 5.27.1.1 for RAN4#108bis and it concentrates on the following aspects.
1. Topic #1: CRs to enable higherPowerLimit-r17 for eligible PC3+PC5 CA/DC combinations respectively, including UL intra-band CA
1. Topic #2: Remaining clarifications on ΔPPowerClass report

Topic #1: CRs to enable higherPowerLimit-r17 for eligible PC3+PC5 CA/DC combinations respectively, including UL intra-band CA
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2315148
	Nokia, Nokia Shanghai Bell, Samsung
	Rel-18 CR for TS 38.101-3 to enable higherpowerlimit feature to deal with PC3 uplink inter band EN-DC whose respective power classes are PC3 and PC5 and one of the bands may include intra band UL CA.

	R4-2315149
	Nokia, Nokia Shanghai Bell, Samsung
	Rel-18 CR for TS 38.101-1 to enable higherpowerlimit feature to deal with PC3 uplink inter band CA whose respective power classes are PC3 and PC5 and one of the bands may include intra band UL CA.

	R4-2315848
	vivo, ZTE, Huawei, CHTTL, Samsung, Xiaomi
	Rel-18 CR for TS 38.101-1 to enable higherpowerlimit feature to deal with PC3+PC5 uplink inter band CA. This is to incorporate previous endorsed ones and also consider latest status, to have a unified version as a baseline for formal CR.

	R4-2316336
	ZTE Corporation, vivo, Huawei, CHTTL, Xiaomi, Samsung
	Rel-18 CR for TS 38.101-3 to enable higherpowerlimit feature to deal with PC3+PC5 uplink inter band EN-DC. This is to incorporate previous endorsed ones and also consider latest status, to have a unified version as a baseline for formal CR.



Open issues summary
Sub-topic 1-1: CRs to enable higherpowerlimit-r17 for eligible PC3+PC5 combinations of uplink inter-band CA/DC with intra-band UL CA component
Sub-topic description:
In previous meeting, draft CRs to enable higherpowerlimit-r17 for eligible PC3+PC5 combinations of uplink inter-band CA/DC with intra-band UL CA component have been proposed but postponed eventually. For this meeting, part of the resubmissions, which are excerpted as below, are expected for continuous discussion.   
 
#1 for sub-clause 6.2A.4.1.3 Configured transmitted power for Inter-band CA:
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For the same issue under EN-DC scenario, following modifications need further discussion: 
#1 for sub-clause 6.2B.4.1.3	Inter-band EN-DC within FR1:
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Open issues and candidate options before meeting:
Issue 1-1: Whether to endorse draft CR R4-2315149 which is to clarify that the total power under higherpowerlimit feature for PC3+PC5 inter-band UL CA with intra-band UL CA component is determined by the sum of configured power of each band but not by that of each CCs.
· Proposals
· Option 1: Yes. (Nokia, Samsung)
· Option 2: Others, in case the CR may need further revision/merge.

· Recommended WF
· TBA

Issue 1-2: Whether to endorse draft CR R4-2315148 which is to clarify that the total power under higherpowerlimit feature for PC3+PC5 inter-band EN-DC with intra-band UL CA component is determined by the sum of configured power of each band but not by that of each CCs.
· Proposals
· Option 1: Yes. (Nokia, Samsung)
· Option 2: Others, in case the CR may need further revision/merge.

· Recommended WF
· TBA


Topic #2: Remaining clarifications on ΔPPowerClass report 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2315027
	Nokia, Nokia Shanghai Bell
	Answer for Q1: RAN4 confirms that the cases to enable UE to report ΔPPowerClass are limited to occasions when maximum transmission power changes originating from a duty cycle mechanism. This principle applies to not only single carrier case, but also multiple carrier case such NR CA and MR-DC.
Answer for Q2&Q3: Regarding Q2 & 3, RAN4’s answers are Yes and No, respectively. The details can be found in R4-2314728.
Answer for Q4: Concerning Q4, RAN4’s intention was UE is allowed to report a more suitable mode for ul-FullPowerTransmission depending on ΔPPowerClass. More specifically, if e.g., a UE supports PC1.5 with ul-FullPwrMode1-r16 is allowed to indicate an additional capability, e.g., ul-FullPwrMode1-r16 which is applicable to only ΔPPowerClass = 3 dB or 6 dB duration where achievable maximum transmission power is capped by 26 dBm or 23 dBm, respectively.

	R4-2315059
	Qualcomm Incorporated
	Proposal 1: Response to RAN1 for Q4 shall include the general ULFPTx scenario below: 
‘Each power-class change event can have a unique ULFPTx capability in the effective power class configuration (destination power class). i.e the UE’s ULFPTx capability in the effective power class configuration is independent of previous or future ULFPTx capabilities in that power class configuration. It is left up to RAN2 discretion how this may be implemented in signalling.’
Proposal 2: RAN4 to additionally request RAN2 to enable UE to relay information to the network that conveys change of MIMO layer capability when the UE avails of the power class fallback option.

	R4-2315392
	Apple
	Observation 1: “Increasing UE power high limit for CA and DC” feature is just one variant of HPUE.
Observation 2: The ΔPPowerClass should be applicable to all HPUE power classes and not be specific to HPUE with “Increasing UE power high limit for CA and DC” feature.
Observation 3: Based on current RAN4 specifications, ΔPPowerClass can only be 3dB or 6dB.
Observation 4: The Rel-17 PC2 HPUE with “Increasing UE power high limit for CA and DC” feature has a nominal PCMAX at 27.8dBm. If UE UL duty cycle exceeds the limit, the PCMAX in principle should be capped at 23dBm which would mean ΔPPowerClass = 4.8dB instead of 3dB or 6dB.
Proposal 1: RAN4 to clarify on whether the proposed ΔPPowerClass information exchange between UE and gNB is only specific to HPUE with “Increasing UE power high limit for CA and DC” feature.
Proposal 2: RAN4 to clarify on what ΔPPowerClass value should be reported to gNB, in particular, for HPUE with “Increasing UE power high limit for CA and DC” feature.
Proposal 3: RAN4 to clarify on whether it is necessary to specify how ΔPPowerClass should be applied to each UL band, in particular, for HPUE with “Increasing UE power high limit for CA and DC” feature.

	R4-2315452
	Samsung
	Observation 1: To our understanding, the primary purpose to combine ULFPTx and ΔPPowerClass is to allow NW to understand the effective ULFPTx mode can be changed when MOP fallback or return to (i.e., the effective power class is changed), which can be taken into account for NW scheduling.
Observation 2: NW has solution to know the actual UE rank by link adaption even if there is no UE immediate rank reporting nor new trigger event for PHR reporting.
Observation 3: No new MIMO precoding matrix of RAN1 is needed. No further extended discussion in RAN1 is expected.

	R4-2315787
	Ericsson
	Observation 1: a UE configured with 2-port “Rel-15” UL-MIMO shall scale the PUSCH power by 3 dB for non-coherent 1-layer transmissions according to 38.213 at all power levels below the PCMAX,f,c and when the PHR < 0 dB. This is expected UE behavior by the NW but is not verified by 38.101-1.
Observation 2: for ULFPTx mode-1 the UE shall split the PUSCH power equally between antenna ports for 1-layer transmissions with TPMI = 2 at all power levels below the PCMAX,f,c according to 38.213. A UE can nevertheless pass the tests in 38.101-1 test without splitting the power between ports for power levels at which the PUSCH power can be achieved per antenna connector. 
Observation 3: for SAR compliance, the PCMAX,f,c is not only reduced by Ppowerclass. Furthermore, configuration of P-Max, either dedicated for a BC or cell specific, would also reduce PCMAX,f,c (semi-statically). 
Proposal 1: inform RAN1 that RAN4 has observed that a potential dynamic indication of the UL-MIMO full-power capability would not necessarily only depend on PPowerclass but also other parameters modifying the current power capability and require a specified UE behavior (RAN1) with appropriate verification of performance (RAN4). 
Proposal 2: provide this information along with the answers to the other questions raised by RAN1 as per the draft reply LS below.
Answer for Q1: triggering of reports (aperiodic) is expected for all cases for which PPowerclass changes due to UL scheduling. Furthermore, this also applies to the PPowerclass, CA of the power class of a configured band combination. Changes of the PPowerclass due to parameters modified by RRC reconfiguration (e.g. P-Max) may not trigger aperiodic reports.
Answer for Q2: yes, for both serving cells and for PPowerclass, CA for configured band combinations (multi-entry reports).
Answer for Q3: RAN4 assumes that a change of PPowerclass would be triggered like for other parameters triggering the existing PHR such as path loss, assuming that the time of change of the actual power class/capability after the triggering event is up to UE implementation.
Answer for Q4: the intention of RAN4 was that reporting of PPowerclass due to the scheduled UL duty cycle duly averaged in time could be combined with dynamic reporting of full-power MIMO transmission capabilities conditioned on the reported PPowerclass. For example, a UE supporting a ULFPTx capability for the advertised power class, e.g. mode-1 for PC1.5, could potentially support additional ULFPTx capabilities in power-class fallback, e.g. mode-0 for PC2 with a reported PPowerclass = 3 dB. RAN4 has reconsidered this recommendation and now recognizes that such a dynamic indication could also depend on other parameters modifying the current power capability and would require further work on specified UE behavior by RAN1 not only related to information exchange for improving scheduling.  

	R4-2315971
	OPPO
	Observation 1: There is no definition of how the duty cycle is calculated especially where the window starts and where it stops, this makes UE may have different implementations in duty cycle calculation and it is unknown to NW.
Observation 2: UE may have different behavior in deciding whether the duty cycle is exceeded or below which makes anchor the ΔPPowerClass reporting occasion to duty cycle changes is unclear, instead the max power change occasion is more suitable/meaningful regardless how the duty cycle calculation is implemented in UE.
Proposal 1: Inform RAN1 that the ΔPPowerClass reporting occasion is based on when the maximum transmission power changes rather than the scheduled duty cycle exceeds/equal/below the maxUplinkdutycycle capability. 
Proposal 2: Regarding Q3 of RAN1 LS, confirm RAN1 understanding that “occasion of the report” in RAN4 LS refers to the event that triggers the aperiodic PHR report, and not to the actual UL resource to send the MAC-CE carrying the report. 
Proposal 3: Regarding Q1 of RAN1 LS, clarify to RAN1 that the cases in clause 6.2.4 of 38.101-1 other than duty cycle are not considered in the ΔPPowerClass reporting and any of these duty cycle cases will trigger the ΔPPowerClass reporting. 
Proposal 4: Regarding Q2 of RAN1 LS, confirm RAN1 understanding. 
Proposal 5: Regarding Q4 of RAN1 LS, clarify with RAN1 that it targets for the scenario that UE may have different ULFPTx capabilities (mode 0/1/2) in before and after ΔPPowerClass changes so UE can indicate to NW which ULFPTx mode is supported. 

	R4-2316369
	Huawei, HiSilicon
	Answer for Q1: RAN4 confirms that all cases when the percentage of uplink symbols transmitted in a certain evaluation period is larger than a certain duty cycle as specified in Clause 6.2.4 of TS 38 101-1 can trigger ΔPPowerClass reporting.
Answer for Q2: As clarified in R4-2314703, ΔPPowerClass reporting is also allowed when UE returns to advertised power class reference after duty cycle exceedance.
Answer for Q3: RAN4 confirms that observation b) from RAN1 is correct, which means “occasion of the report” refers to the event that triggers the aperiodic PHR report, and not to the actual UL resource to send the MAC-CE carrying the report.
Answer for Q4: The full-power MIMO transmission capability is essentially related to e.g. PA configuration and antenna ports arrangement. Further, it can be different when MOP reduction happens due to the change on ΔPPowerClass. Although the network can be aware of MOP reduction by ΔPPowerClass reporting, existing full-power MIMO transmission capability indication seems not to explicitly satisfy the purpose on allowing the network to acquire that capability in case it would be different from the one indicated for the advertised PC (but no MOP reduction happens). That is the meaning of “combination” from RAN4 perspective and any further solution to solve this issue would be up to RAN2 decision.

	R4-2316667
	Mediatek
	Answer for Q1: From RAN4’s perspective, all cases specified in Clause 6.2.4 of TS 38.101-1 where configured duty cycle is exceeded can trigger ΔPPowerClass reporting.
Answer for Q2: Yes, a further ΔPPowerClass reporting is allowed when UE returns to advertised PC in this case.
Answer for Q3: Yes, RAN4 confirms RAN1’s understanding as per observation b).
Answer for Q4: Given a UE’s PA capability, it may report different full-power MIMO transmission capability according to the maximum transmission power fallback, because the full-power MIMO capability is not explicitly associated with a power class. For example, for a PC1.5 UE equipped with two 26dBm PAs, and when no fallback happens, then it can report ul-FullPwrMode1-r16 (mode 1), however, when the maximum transmission power falls back to PC2, it can report ul-FullPwrMode-r16 (mode 0) under the same PA architecture. In this way, ΔPPowerClass reporting can be combined together with full-power MIMO transmission capability when the maximum transmission power changes.


Open issues summary
Sub-topic 2-1: RAN4 understadning aligement for ΔPPowerClass report 
Sub-topic description:
In previous meeting, RAN1 confirmed that ΔPPowerClass report will have no spec impact. But further questions are conveyed to RAN4 in R1-2308561. RAN4 needs to firstly align understanding in some aspects in order to come up with more detailed clarifications to both RAN1 and RAN2. 

Issue 2-1: Whether ΔPPowerClass reporting also applies to CA/DC scenario
· Proposals
· Option 1: Yes. (Nokia, Ericsson) 
· Option 2: Others.

· Recommended WF
· Option 1.

Issue 2-2: What is ΔPPowerClass reporting occasion based on
[Moderator]: With the understanding (also from previously approved R4-2314728) that it is limited to occasions when MOP changes origination from duty cycle mechanism, the following options are listed for further clarifications:
· Proposals
· Option 1: It is based on when MOP changes rather than the scheduled duty cycle exceeds/equal/below the maxUplinkdutycycle capability. 
· Since it is unknown to the network that how duty cycle is calculated by UE especially when it starts or stops. (OPPO)
· Changes of the ΔPPowerClass due to parameters modified by RRC reconfiguration (e.g. P-Max) may not trigger aperiodic reports. (Ericsson)
· Option 2: Others.

· Recommended WF
· Option 1.


Issue 2-3: Whether ΔPPowerClass reporting is only specific to HPUE with “Increasing UE power high limit for CA and DC” feature 
· Proposals
· Option 1: It should be applicable to all HPUE power classes and not be specific to HPUE with “Increasing UE power high limit for CA and DC” feature. (Apple) 
· Option 2: Others. 

· Recommended WF
· Option 1.


Issue 2-4: How to accommodate ΔPPowerClass reporting with HPUE with “Increasing UE power high limit for CA and DC” feature
· Proposals
· Option 1: It should be allowed to indicate 4.8dB other than existing 3/6dB. 
· Further clarify on whether it is necessary to specify how ΔPPowerClass should be applied to each UL band. (Apple)
· Option 2: Others. 

· Recommended WF
· TBD.


Sub-topic 2-2: RAN4 understadning aligement for the relationship between indication of full power transmission mode capability and ΔPPowerClass report
Sub-topic description:
In previous meeting, as agreed in R4-2314728, it was agreed that only full power transmission mode will be impacted by ΔPPowerClass report. Following issues need further discussion.
Issue 2-5: Whether further RAN1 impact and RAN4 corresponding verification can be needed for dynamic indication of full power transmission mode capability
· Proposals
· Option 1: Yes. (Ericsson, Qualcomm)
· potential dynamic indication of the UL-MIMO full-power capability would not necessarily only depend on ΔPPowerclass but also other parameters modifying the current power capability and require a specified UE behavior (RAN1) with appropriate verification of performance (RAN4)
· Each power-class change event can have a unique ULFPTx capability in the effective power class configuration (destination power class). i.e the UE’s ULFPTx capability in the effective power class configuration is independent of previous or future ULFPTx capabilities in that power class configuration.
· Option 2: No further extended discussion especially in RAN1 is expected. (Samsung)
· Option 3: Others.
· Recommended WF
· TBA

Sub-topic 2-3: Whether max. UL MIMO layer capability should be combined with a duty-cycle triggered ΔPPowerClass report
Sub-topic description:
UL duty cycle limits can be motivated by SAR compliance. Current specification requires UE to deliver uniform power across all active antenna ports and an asymmetric impact from RF exposure may mean that one over-exposed antenna port may end up limiting the overall transmit power to which a UE can commit. The UE may take autonomous action to shut off power for just the one affected transmit chain and the network will accrue throughput inefficiencies until it detects loss of rank and recovers.
Issue 2-6: Whether UL MIMO max. layers capability can be revised with fallback or power class recovery event
· Proposals
· Option 1: Yes. (Qualcomm)
· UE to relay information to the network that conveys change of UL MIMO layer capability when the UE avails of the power class fallback option
· Option 2: No (Samsung)
· NW has solution to know the actual UE rank by link adaption even if there is no UE immediate rank reporting nor new trigger event for PHR reporting
· Option 3: Others.
· Recommended WF
· TBA
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ProwerClass, EN-DC 18 the nominal UE power class indicated by PowerClass defined in clause 6.2B.1.3 for inter-band
EN-DC; if the UE indicates higherPowerLimit-r17 and APpowerClass EN-DC = 0, ProwerClass EN-DC is replaced by the
sum of the linear powers of PpowerClass NR and Ppowerclass E-UTRA converted to dB;

APpowercrassEN-Dc = 3 dB for a power class 2 capable EN-DC UE when requirements of default power class had
been applied as specified in sub-clause 6.2B.1; otherwise APpowerClass EN-DC = 0 dB;

PpowerClass R is the nominal UE power of the power class indicated by ue-PowerClass that the UE supports for the
NR band and for NR intra-band UL CA of the EN-DC combination as defined in clause 6.2.1 or 6.2A1.1 -of
38.101-1 [2]; in case IE powerClassNRPart-r16 as defined in TS 38.331 [9] is indicated, PpowerclassNr should use
that value instead;

APpowerClass MR is 3 dB or 0 dB according to clause 6.2.4 of TS 38.101-1 [2] for a UE that supports power class 2
in the NR band of the EN-DC combination as defined in clause 6.2.1 of TS 38.101-1 [2];

PpowerClass E UTRA is the nominal UE power of the power class indicated by ue-PowerClass-N-r13 that the UE
supports for the E-UTRA band or indicated by ue-CA-PowerClass-N E-UTRA intra-band UL CA of the EN-DC
combination as defined in clause 6.2.2 or 6.2.2A of 36.101 [4];
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For combinations of intra-band and inter-band carrier aggregation with UE configured for transmission on three serving
cells (up to two contiguously aggregated carriers per operating band), if the UE indicates higherPowerLimit-r17.
Prowerclass.ca is replaced by 10 10g10 (PpowsrClass.ai + DPowerClass CAB)-

where

- DrowerClassAi is the linear value of the maximum UE power for serving cell ¢ on the operating band A specified
in Table 6.2.1-1 according to ue-PowerClassPerBandPerBC-r17 if indicated or ue-PowerClass otherwise
without taking into account the tolerance;

- DrowerClassCABi is the linear value of the maximum UE power for serving cell(s) on the operating band B
including intra-band carrier aggregation specified in Table 6.2F.1A.2-1 according to ue-
PowerClassPerBandPerBC-r17 if indicated or ue-PowerClass, otherwise without taking into account the
tolerance.





