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Introduction
Briefly introduce background, the scope of this summary (e.g. list of treated agenda items).
List of topics which are summarized from all contributions to AI 8.24.1: 
· Topic 1: Candidate scenarios for enhancement of increasing UE power high limit
· Inter-band UL CA
· Intra-band UL CA
· UL MIMO
· Single band
· Topic 2: SAR issue 

List of candidate target of discussions for these 2 topics. 
· 1st round: Discuss the possible candidate scenarios for enhancement of increasing UE power high limit. Check if LS to RAN1 is needed for power bakcoff due to SAR compliance and relevant PHR reporting.
· 2nd round: WF on those two topics, and LS to RAN1 if it is needed depending on the 1st round discussion. 

Topic #1: Candidate scenarios for enhancement of increasing UE power high limit
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2218372
	Qualcomm Incorporated
	Observation 1: A UE capable of supporting ULMIMO in a band has idled transmit resources in a cell edge condition for that band.
Observation 2: There is no physical or RAN1 constraint that prevents the UE from using all available resources for increasing UL power in that band.
Proposal: RAN4 to enable a UE to transmit over a single CC with single port operation using all PAs the UEs may have in that band.

	R4-2218415
	Nokia, Nokia Shanghai Bell
	Observation 1: In order to realize following cases, it is necessary to inform a network of the information on configured maximum output power per power source, e.g., power per PA or panel, and which CC(s) the respective power sources are associated with.
· intra-band contiguous/non-contiguous UL CA with PC2 on CC1 and PC3 on CC2.
· PC 2 single band UL-MIMO with PC3 PA + PC2 PA.
Observation 2: In the end, a similar concept may be needed in FR2, e.g., different panels may bring different power and associated with different CCs. 
Observation 3: Given that the WI has RAN1 TU for this objective, it’s a good opportunity to resolve the issue in NR_cov_enh2 WI.
Proposal: Introduce a following objective in NR_cov_enh2 WID.
Specify necessary requirements to allow a UE to report 27.8 dBm as power class per UE as well as to identify and, if needed, to specify UE/network enhancements to conduct power control according to achievable maximum power per CC at least for the following cases.
· intra-band contiguous/non-contiguous UL CA with PC2 on CC1 and PC3 on CC2
· PC2 single band UL-MIMO with PC3 PA + PC2 PA.

	R4-2218856
	vivo
	Observation 1: The scenario “PC3 inter-band BC with PC3 for band 1 and PC5 for band 2” seems a valid scenario and also typical implementation, the spec impact to add this scope is also minimum if any.
Observation 2: It is not typical implementation for intra-band case to have multiple unequal RF chain, and the spec impact would be larger compared to inter-band case.
Proposal 1: The scenario “PC3 inter-band BC with PC3 for band 1 and PC5 for band 2” can be considered in this WI based on R17 increase higher power limit WI.
Proposal 2: Do not consider “Intra-band contiguous/non-contiguous UL CA with PC2 on CC1 and PC3 on CC2” in this WI based on R17 increase higher power limit WI.
Proposal 3: Do not consider “PC 2 single band UL-MIMO with PC3 PA + PC2 PA” in this WI.
Proposal 4: Schemes that have much RAN1 impact and/or not much relationship with R17 increase higher power limit WI not considered in this WI.  

	R4-2219042
	Xiaomi
	Observation 1: the R17 high power limit could not directly be reused for Intra-band UL CA case and UL-MIMO case with PC3+PC2.
Observation 2: if the high power limit is increasing for intra-band UL CA case and UL-MIMO case with PC3+PC2, the MPR/A-MPR requirements need to be studied.

	R4-2219208
	ZTE
	Observation 1. The following scenarios do not need to be considered in this WID.
· Power class 2, 23dBm + 23dBm : FDD+FDD, Non-MIMO
· Power class 1.5, 26dBm + 26dBms：FDD+FDD, Non-MIMO
· PC2: 26dBm (TDD) + 26dBm (TDD) without UL-MIMO 
· PC1.5 band combination with PC1.5 band 1 and any PC band 2 
· PC2 FDD band without TxD + PC3 TDD/FDD band
· 3Tx architecture should not be considered in this WID.
And the following scenarios should be further studied.
· intra-band contiguous/non-contiguous UL CA with PC2 on CC1 and PC3 on CC2.
· PC2 single band UL-MIMO with PC3 PA + PC2 PA.
· Postpone the discussions for PC3 inter-band BC with PC3 for band 1 and PC5 for band 2 until receiving the demand from operators
Proposal: Before discussing the additional scenarios, it is proposed to clarify following objectives first: 
· Enhancements to realize increasing UE power high limit for CA and DC based on Rel-17 RAN4 work on “Increasing UE power high limit for CA and DC”, in compliance with relevant regulations (RAN4, RAN1)
Observation 2: If it is for interpretation 1, then 
- ‘PC3 inter-band BC with PC3 for band 1 and PC5 for band 2’ could be considered in this WID
- ‘Intra-band UL CA with PC2 on CC1 and PC3 on CC2’  does not need to be considered in this WID.
If it is for interpretation 2, then 
- Both ‘PC3 inter-band BC with PC3 for band 1 and PC5 for band 2’ and Intra-band UL CA with PC2 on CC1 and PC3 on CC2’ could be considered in this WID


	R4-2219498
	Huawei, HiSilicon
	Observation 1: The spec impacts to enable different MOP on different CC for intra-band UL CA is big at least for the following two aspects, but the gain seems still unclear:
· New MPA/A-MPR requirements would be needed.
· Power class can only be configured for the band rather than per CC.

Observation 2: UL MIMO seems not to be a typical case for coverage enhancement, and what has been done for the Rel-17 WI cannot be simply extended to this case.
Observation 3: Since we already have PC2 (can be realized by e.g. indication of full power transmission mode 2 for the aforementioned type of UE) and PC1.5 (would require advanced PA), the necessity of introducing 27.8dBm along with any new requirements seems less.
Observation 4: The pre-assumption of the current specified precoder doesn’t support non-equally power split.
Proposal 1: Consider inter-band UL CA with PC5 band in this WI if it is based on the operator demands. Because the Rel-17 RAN4 work on “Increasing UE power high limit for CA and DC” can be simply extended to this scenario. 
Proposal 2: The intra-band UL CA scenario should not be considered in this WI.
Proposal 3: The UL MIMO scenario should not be considered in this WI. 

	R4-2219595
	OPPO
	Observation 1:   All current inter-band UL CA requirements are applicable to UE with 1Tx+2Tx inter-band UL CA.
Observation 2:   All current inter-band ENDC requirements are applicable to UE with 1Tx+2Tx inter-band ENDC.
Proposal 1:         Encourage companies to check which requirement doesn’t apply to inter-band 3Tx. If no, then agree on current requirements defined in 38.101-1 and 38.101-3 are applicable to UE with 1Tx+2Tx inter-band UL CA/ENDC. 



The moderator can suggest a limited number of papers which could be presented.
Open issues summary
Before f2f meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 1-1
Sub-topic description: Basic characteristic(s) of a possible candidate
Open issues and candidate options before f2f meeting: Some consensus on how to determine the possible candidate scenario for enhancement of increasing UE power high limit have been proposed. This could be firstly discussed before digging into some specific cases.
Issue 1-1-1: Basic characteristic(s) of a possible candidate
· Proposals
· Option 1: At least the following aspects shall be considered as the basic characteristics for determining whether a scenario could be a candidate for enhancements of increasing UE power high limit:
· The support of the enhancement scheme for the candidate scenario is highly related to the Rel-17 RAN4 work on increasing higher power limit for inter-band CA/DC WI. (vivo, Huawei, HiSilicon, ZTE) 
· The support of the enhancement scheme for the candidate scenario has limited specification impacts. (vivo, Huawei, HiSilicon)
· No additional MPR/A-MPR requirements.
· RAN1 specification impacts.
· Such candidate should be coverage limited scenario. (Qualcomm)
· Option 2: Others.
· Recommended WF
· TBA

Sub-topic 1-2
Sub-topic description: Whether inter-band UL CA/DC could be a candidate 
Open issues and candidate options before f2f meeting: It has been agreed that the discussion on this scenario should be postponed until there could be operator demands. Besides, this seems to be straightforward for the extension of Rel-17 RAN4 work on increasing high power limit. 
Issue 1-2-1: Whether to consider “inter-band PC3 UL CA with PC3 for band 1 and PC5 for band 2” as a candidate
· Proposals
· Option 1: Yes. (Huawei, HiSilicon, vivo, ZTE)
· Option 2: No.
· Option 3: Others.
· Recommended WF
· TBA

Sub-topic 1-3
Sub-topic description: Whether intra-band UL CA/DC could be a candidate
Open issues and candidate options before f2f meeting: Before the discussion on potential solution to support increasing high power limit for this scenario, it is necessary to check whether this could be a candidate and take the outcome of issue 1-1 into consideration.
Issue 1-3-1: Whether to consider “intra-band contiguous/non-contiguous UL CA with PC2 on CC1 and PC3 on CC2” as a candidate
· Proposals
· Option 1: Yes. (Nokia)
· Option 2: No. (vivo, Huawei, HiSilicon)
· Option 3: Others.
· The Rel-17 RAN4 work on high power limit for inter-band CA/DC cannot be directly applied and new requirements is needed. (ZTE, Xiaomi) 
· Recommended WF
· TBA

Sub-topic 1-4
Sub-topic description: Whether UL MIMO could be a candidate
Open issues and candidate options before f2f meeting: Before the discussion on potential solution to support increasing high power limit for this scenario, it is necessary to check whether this could be a candidate and take the outcome of issue 1-1 into consideration. 
Issue 1-4-1: Whether to consider “PC 2 single band UL-MIMO with PC3 PA + PC2 PA” as a candidate
· Proposals
· Option 1: Yes. (Nokia)
· Option 2: No. (vivo, Huawei, HiSilicon)
· Option 3: Others.
· Recommended WF
· TBA

Sub-topic 1-5
Sub-topic description: UE with 1Tx+2Tx architecture inter-band UL CA/DC 
Open issues and candidate options before f2f meeting: It has been agreed in the last meeting that 3Tx architecture will not be considered in this WI. But component proposed the observation that the current requirements defined in 38.101-1 and 38.101-3 are applicable to UE with 1Tx+2Tx inter-band UL CA and EN-DC, respectively.  
Issue 1-5-1: Whether the “1Tx+2Tx” can be consider as a UE architecture in this WI to support inter-band UL CA/DC
· Proposals
· Option 1: Yes, since the current requirements defined in 38.101-1 and 38.101-3 are applicable to UE with 1Tx+2Tx inter-band UL CA/DC. (OPPO)
· Option 2: No.
· Recommended WF
· TBA

Sub-topic 1-6
Sub-topic description: Allow UE to use all PAs for the band to support higher transmission power for single port operation over single CC 
Open issues and candidate options before f2f meeting: It has been proposed that the higher transmission power over single CC should be pursued under coverage limit situation.
Issue 1-6-1: Whether to consider allowing higher transmission power limit for single port operation over single CC in this WI 
· Proposals
· Option 1: Yes. (Qualcomm)
· Option 2: No.
· Option 3: Others.
· Recommended WF
· TBA


Topic #2: Enhancement for SAR issue mitigation in FR1
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2218045
	Qualcomm
	DRAFT Reply LS proposal in the annex.

	R4-2218216
	Fujitsu
	Observation 1: As for high power transmission in CA/DC, RAN4’s assumption is that P-MPR is used to satisfy the SAR regulatory requirement while the same duty cycle as PC2 is used.
Observation 2: For FR1 carriers, existing mechanism does not allow a UE to report the applied power backoff by P-PMR due to RF exposure requirements, which lead to the misunderstanding on the transmit power between a UE and a gNB scheduler.
Observation 3: The similar issue for FR2 MPE was discussed in 3GPP, and MPE reporting has been introduced in Rel-16.
Proposal 1: Send a reply LS to RAN1 to notify the RAN4 assumption on the UE behaviour regarding increasing UE power high limit for CA and DC to satisfy the SAR requirements in order to encourage their discussion to identify L1/L2 issue.

	R4-2218217
	Fujitsu
	DRAFT Reply LS on enhancements to realize increasing UE power high limit for CA and DC which is related to the Proposal 1 in R4-2218216.

	R4-2218828
	Ericsson
	Proposal 1: report power-class fallback ΔPPowerClass in the PHR per serving cell, any power-class change, fallback or return to declared power class, should trigger an aperiodic PHR (same as for a DL path-loss change)
Proposal 2: report power-class fallback ΔPPowerClass in the PHR and power class changes also for FDD HPUE, and amend the specification to allow ΔPPowerClass = 3 dB for FDD PC2 conditioned on the actual UL duty cycle (using a default 50% threshold without duty-cycle capability)
Observation 1: for UL CA and in the absence of the capability maxUplinkDutyCycle-interBandCA-PC2-r17, the network is not aware of any BC power class fallback (power prioritization), P-MPR is not only applied for reducing the average power due to excessive duty cycles.
Observation 2: the average total UE output power for a band combination does not only depend on the duty cycle, the instantaneous power levels on each serving cells must also be accounted for.
Proposal 3: report power-class fallback ΔPPowerClass,CA in the PHR for the BC (multi-entry report); any BC power-class change, fallback or return to advertised BC power class, should also trigger an aperiodic PHR.
Proposal 4: for EN-DC report power-class fallback ΔPPowerClass,EN-DC in the PHR for the BC (multi-entry report) along with power class changes ΔPPowerClass,NR for serving cells; any BC power-class change, fallback or return to advertised BC power class, should trigger an aperiodic PHR.
Proposal 5: send a reply LS to RAN1 on the possibility of reporting power-class fallback in the PHR, thus informing the network on the actual power-class state of serving cells and the band combination for SAR compliance (and UE heat management).

	R4-2220019
	NTT DOCOMO
	Observation 1: The exact duration of a certain evaluation used for UL duty cycle calculation is determined by the UE, and there is no way for gNB to understand it according to the current specifications.
Observation 2: A method to allow UE to report the exact availability of higher transmit power for a certain inter-band CA/EN-DC transmission was proposed, so that gNB can choose proper configuration for UL scheduling.
Observation 3: By monitoring actual transmission in past within the measurement period of RF exposure, a UE would be able to estimate remaining power or energy budget available at the UE for each carrier/band in terms of RF exposure.
Observation 4: Methods of P-MPR value reporting for FR1, PHR reporting for a carrier that is configured for downlink but not for uplink, and energy headroom reporting for each of the bands in a CA/DC configuration was proposed, so that gNB can choose proper configuration for UL scheduling.
Proposal 1: RAN4 discusses expected benefits and possible scenarios for enhancements to information exchange between UE and gNB.
Proposal 2: Send an LS to RAN1 describing that RAN4 agrees that enhancement to information exchange between UE and gNB may improve scheduling and network performance when using higher power CA/DC.



The moderator can suggest a limited number of papers which could be presented.
Open issues summary
Before f2f meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 2-1
Sub-topic description: Whether LS to RAN1 is needed for power backoff due to SAR compliance and relevant PHR reporting in FR1
Open issues and candidate options before f2f meeting: Some components proposed that the current max duty cycle and PHR may need to be enhanced for FR1 to help gNB improve UL scheduling. If consensus on the necessity for such enhancement can be reached, LS from RAN4 to RAN1 and/or RAN4 solutions could be further discussed.
Issue 2-1-1: Whether LS to RAN1 is needed for power backoff due to SAR compliance and relevant PHR reporting
· Proposals
· [bookmark: _GoBack]Option 1: Yes. (Fujitsu, NTT COCOMO, Qualcomm)
· As for high power transmission in CA/DC, RAN4’s assumption is that P-MPR is used to satisfy the SAR regulatory requirement while the same duty cycle as PC2 is used. But for FR1 carriers, existing mechanism does not allow a UE to report the applied power backoff by P-PMR due to RF exposure requirements, which lead to the misunderstanding on the transmit power between a UE and a gNB scheduler. (Fujitsu)
· Option 2: Yes, but send a reply LS to RAN1 on the possibility of reporting power-class fallback in the PHR, thus informing the network on the actual power-class state of serving cells and the band combination for SAR compliance (and UE heat management). (Ericsson)
· Option 3: Others.
· Recommended WF
· TBA

Issue 2-1-2: Whether PHR reporting should be considered for power class backoff
· Proposals
· Option 1: Yes. Report power class backoff ΔPPowerClass in the PHR, any power class change, fallback or return to declared power class should trigger an aperiodic PHR. (Ericsson)
· Details regarding different scenarios can be found in R4-2218828.
· Option 2: Others.
· Recommended WF
· TBA


