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Introduction
This summary cover Tdoc submitted in this meeting under agenda 7.28 (4Rx basket WI) and 7.29 (low band 4Rx and inter-band 3Tx WI), however, there is no papers submitted to 4.28 before meeting. The discussions below will be split into four sections with each topic.
Topic #1: 4Rx_NR_bands_R18-Core
Topic #2: 4Rx at low frequency band (<1GHz)
Topic #3: Tx requirements for 3Tx inter-band UL CA/EN-DC
Topic #4: Rx requirements for 3Tx inter-band UL CA/EN-DC

Topic #1: 4Rx_NR_bands_R18-Core
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2308187
	ZTE
	Revised WID: 4Rx support for NR FR1 bands (<2.6GHz) in Rel-18

	R4-2308188
	ZTE
	CR to reflect the completed 4Rx support for NR FR1 bands (<2.6GHz) into TS 38.101-1



Moderator note: both papers are reserved but not uploaded before meeting. No discussion is needed in this case.
Topic #2: WID revison for 3T/4R WI
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2308127
	Samsung
	Revised WID for Low NR band 4Rx and 3Tx

	R4-2308967
	OPPO
	Revised WID for Low NR band 4Rx and 3Tx

	R4-2307858
	Huawei, HiSilicon
	Revised WID for 4Rx_low_NR_band_handheld_3Tx_NR_CA_ENDC

	R4-2309709
	T-Mobile USA
	Revised WID for Low NR band 4Rx for handheld UE and 3Tx for inter-band UL CA and EN-DC

	R4-2309710
	T-Mobile USA
	[bookmark: _Hlk135072280]Proposal: RAN4 should endorse the revised WID in R4-1309709 [1].


Open issues summary
Moderator notes: The WID revisions are up to RAN plenary discussion, and comments can be collected.
	T-doc number
	Company
	Comment collection

	R4-2308127
	Samsung
	Revised WID for Low NR band 4Rx and 3Tx

	
	
	Comments: 

	R4-2308967
	OPPO
	Revised WID for Low NR band 4Rx and 3Tx

	
	
	Comments:

	R4-2307858
	Huawei, HiSilicon
	Revised WID for 4Rx_low_NR_band_handheld_3Tx_NR_CA_ENDC

	
	
	Comments:

	R4-2309709
	T-Mobile USA
	Revised WID for Low NR band 4Rx for handheld UE and 3Tx for inter-band UL CA and EN-DC

	
	
	Comments:

	R4-2309710
	T-Mobile USA
	Proposal: RAN4 should endorse the revised WID in R4-1309709.

	
	
	Comments:



Topic #2: 4Rx at low frequency band (<1GHz)
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2308128
	Samsung
	Views on low band 4Rx for handheld UE
Proposal 1: ΔRIB,4R as -2.2dB applies for handheld UE with 4Rx operation for low band.

	R4-2308170
	ZTE
	On 4Rx low band (<1GHz) for handheld UE
Proposal 1.  All of the requested low band share the same agreements on the feasibility.
Proposal 2:  -2.7dB could be reused for NR sub-1GHz bands supporting 4Rx antennas for handheld UE(i.e. ΔRIB,4R requirement).

	R4-2308241
	vivo
	Further discussion on enhancements for 4Rx at low frequency band
Proposal 1: The antenna efficiency may not that satisfactory under typical design, and some doubt remains on the actual performance gain that could be achieved, considering restriction from UE and network side.
Proposal 2: Current defined Delta TRxSRS for 4Rx can be considered also applicable to low band, minor relaxation if needed is also acceptable.

	R4-2308278
	Ericsson
	On UE RF requirements for 4Rx at low frequency band (<1GHz)
Proposal 1: Specify ΔRIB,4R = -2.7dB for low bands (<1GHz) in NR for handheld devices. 
Proposal 2: If ΔRIB,4R is agreed to be -2.7dB, NOTE 1 from Table 7.3.2-2 in TS38.101-1 could be removed and the first two rows could be merged. 

	R4-2308968
	[bookmark: _Hlk135151028]OPPO, CMCC, China Telecom, China Unicom, CAICT
	R18 low band 4Rx feasibility
Observation 1:   There are already 5 commercial smartphones on the market supporting low band 4Rx and all of them have passed the entrance certification tests including OTA tests.
Observation 2:   There is no justification of low band 4Rx is infeasible, instead the concerns are coming from the complexity which can be discussed in the requirement definition.
Proposal 1:         Confirm the feasibility of supporting low band 4Rx in handheld UE:
· Supporting 4Rx in low bands is feasible.
· Supporting 4Rx in low bands is an optional feature.

Proposal 2:         The complexity in supporting low band 4Rx will be considered in requirement definition.
Observation 3:   Commercial smartphone tests show the performance of low band 4Rx can be achieved with good quality.
Observation 4:   One simulation result shows the antenna efficiency is not good enough to support low band 4Rx, however, as it was already agreed this is just UE implementation dependent issue which cannot be used as the reason to block other UEs to achieve good performance.
Observation 5:   It was agreed that requirements are needed for 4Rx handheld UE, therefore, RAN4 cannot only define requirements for CPE/FWA and then allow handheld UEs to support it without quality control.

	R4-2308995
	[bookmark: _Hlk135151453]Google
	Discussion on enhancement for 4Rx at low frequency band
Proposal 1: If the feasibility of LB 4Rx for handheld UE is confirmed by RAN4, considering very high implementation complexity for the handheld UE equipped with LB 4Rx, it is proposed to have more relaxation to define ΔRIB,4R = -2.2.

	R4-2309009
	Xiaomi
	Discussion on Enhancements for 4Rx at low frequency band
Observation 1: delta RIB,4R =-2.7dB could be reused but -2.5dB is the preference by considering the implementation complexity.
Observation 2: the current delta RIB,4R defined in Ts38.101-1 could not be used in OTA test.

	R4-2309026
	Sony
	Views on 4Rx handheld UE for low NR bands
Proposal 1	ΔRIB,4R = -2.2dB for the bands in Table 4.1-1 in the WID.

	R4-2309095
	Apple
	On low band 4Rx for handheld UE
Observation 1: In the past two RAN4 meetings, there was no new LB 4Rx for handheld UE feasibility study result provided by any company.
Observation 2: There has been no clear criteria on judging the feasibility on LB 4Rx for handheld UE.
Proposal 1: The LB 4Rx for handheld UE feasibility should ensure other frequency bands and non-3GPP radios antenna performance would not be impacted.
Observation 3: The LB 4Rx for handheld UE feasibility study may involve new design and evaluation process for the entire phone which can be a rather long-term project and is unlikely to be concluded in 6-month time frame.
Observation 4: Even the LB 4Rx requirements have only been specified for FWA form factor, it does not really prevent handheld UE from supporting the feature.
Proposal 2: The LB 4Rx requirements targeted for FWA form factor is retained in RAN4 specifications as the purported indication on the LB 4Rx implementation challenges for handheld UE as in contrast to FWA.

	R4-2309352
	Qualcomm
	Considerations on LB 4RX for handheld
We are positive with enabling 4RX LB for handheld.
The open topics with respect to 4RX requirements suggested to be discussed and agreed in RAN#107 are:
· Should Note 1 in Table 7.3.2-2 be removed from LB’s for which handheld is considered?
· Should Note 1 wording in Table 7.3.2-2 be modified?
· Should ΔRIB,4R be modified for handheld?

	R4-2309448
	Huawei
	R18 4Rx Handheld UE requirements
Observation 1: Remove Note 1 from Table 7.3.2-2, if the final decision is not to specify specific requirements for handheld UEs
Proposal 1: As the handheld UEs have more challenges for having 4Rx in a smaller form-factor than FWA, they should have a different set of specific requirements
Proposal 2:   We suggest a ΔRIB,4R = -2.2dB for handheld UEs and ΔRIB,4R = -2.5dB for FWA UEs



Open issues summary
Sub-topic 1-1 Feasibility of low band 4Rx
Issue 1-1-1: Is it feasible to support low band 4Rx in handheld UE (<1GHz)
· Proposals
· Option 1: Yes (OPPO, CMCC, China Telecom, China Unicom, CAICT, Qualcomm)
· The complexity in supporting low band 4Rx will be considered in requirement definition.
· Option 2: May be not (vivo)
· The antenna efficiency may not that satisfactory under typical design, and some doubt remains on the actual performance gain that could be achieved, considering restriction from UE and network side.
· Option 3: Requirement for handheld UE low band 4Rx is not specified (Apple)
· The LB 4Rx for handheld UE feasibility should ensure other frequency bands and non-3GPP radios antenna performance would not be impacted.
· Recommended WF
· Option 1, the feasibility to support low band 4Rx in handheld UE is confirmed at least for some UE.
Moderator note: It was confirmed in last RAN4 meeting that “Requirements is needed for 4Rx handheld UE, if the feasibility is confirmed”, therefore, Option 3 seems not agreeable. And for Option 2, it hesitates to confirm the feasibility from antenna efficiency perspective but also no justification shown for the infeasibility, in moderator understanding the antenna efficiency is implementation dependent and it doesn’t preclude it is feasible for other UE implementations. Then based on majority view, Option 1 is proposed as WF.

Sub-topic 1-2 Requirements for 4Rx at low bands
Issue 1-2-1: How to specify requirements for handheld UE low band 4Rx (<1GHz)
· Proposals
· Option 1: NOTE 1 from Table 7.3.2-2 in TS38.101-1 could be removed and the first two rows could be merged. [Ericsson]
[image: ]
· Option 2: Specify ΔRIB,4R for handheld, and FFS the modification of Note 1 wording in Table 7.3.2-2
· Recommended WF
· Option 2, Specify ΔRIB,4R for handheld, and FFS NOTE1 in Table 7.3.2-2 after ΔRIB,4R value for handheld is decided.

Issue 1-2-2:  ΔRIB,4R
· Proposals
· Option 1: -2.7dB (ZTE, [vivo], Ericsson)
· Option 2: Some relaxation is needed/preferred (Samsung, vivo, Xiaomi, Sony, Google, Huawei)
· Option 2a: -2.2dB (Samsung, Sony, Google, Huawei)
· Option 2b: -2.5dB (Xiaomi)
· The current delta RIB,4R defined in Ts38.101-1 could not be used in OTA test.
· Recommended WF
· Some relaxation is considered, check whether Option 2b is acceptable as compromised value?

Topic #2: Tx requirements for 3Tx inter-band UL CA/EN-DC
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2309449
	Huawei
	R18 3Tx NR CA SAR compliance and configured output power
Observation 1:   For PC1.5 there is no special UE capability for the maximum UL duty cycle. It is set as 0.5*maxUplinkDutyCycle-PC2-FR1 where its value can be 0.5*[50%, 60%, 70%, 80%, 90%, 100%].
Observation 2:   In single band operation, in case of absence of maxUplinkDutyCycle-PC2-FR1 and maxUplinkDutyCycle-PC1dot5-MPE-FR1-r16, a maximum duty cycle of 50% and 25% shall be considered, by default, for PC2 and PC1.5, respectively
Observation 3:   In inter-band CA operation, In case of absence of maxUplinkDutyCycle-interBandCA-PC2-r17, the emitted power is controlled by P-MPRc, regardless of the duty cycle.
Proposal 1:   For PC1.5 in inter band CA configuration, the maximum UL duty cycle is set as 0.5* maxUplinkDutyCycle-interBandCA-PC2-r17 where its value can be 0.5*[50%, 60%, 70%, 80%, 90%, 100%].
Proposal 2:   As the WID does not include any PC1.5 EN-DC band combination, there is no need to discuss its SAR requirements at the time being.
Proposal 3:   For PC1.5,  ΔPPowerClass,EN-DC = 6 dB in section 6.2A.4.1.3 of Ts38.101-1

	R4-2307486
	LG Electronics
	UE Tx requirement for inter-band CA PC1.5 and EN-DC PC1.5 with 3Tx
Pcmax changes
Proposal 1: Define the configured transmitted power by considering up to PC1.5 for inter-band CA PC1.5 with 3Tx.
· ΔPPowerClass,CA = 6 dB for a power class 1.5 capable UE 
· ΔPPowerClass,CA = 3 dB for a power class 2 capable UE 
· 0dB otherwise

PC1.5 inter-band CA/EN-DC SAR compliance
Proposal 2: Define either Alt1 or Alt2 for inter-band CA PC1.5 with 3TX.
Alt1) Use 0.5*maxUplinkDutyCycle-interBandCA-PC2 for PC1.5 threshold, e.g, 0.5*Z1, 
· X  > Z1, 		PC3 requirements applies
· 0.5*Z1 < X  ≤ Z1, 	PC2 requirements applies
· X ≤ 0.5*Z1,  	PC1.5 requirements applies
Alt2) Use new_maxUplinkDutyCycle-interBandCA-PC1.5 for PC1.5 threshold, e.g, Z2, 
· X  > Z1, 		PC3 requirements applies
· Z2 < X  ≤ Z1, 	PC2 requirements applies
· X ≤ Z2,  		PC1.5 requirements applies
Proposal 3: Update the corresponding maxDutyNR,x or maxDutyNR,y 
· maxDutyNR,x, maxDutyNR,y represent the field of UE capability maxUplinkDutyCycle-PC2-FR1 per band or   maxUplinkDutyCycle-PC1dot5-MPE-FR1-r1 per band as defined in TS 38.331.  For NR Band x or NR Band y, 
· if power class of one or both of the bands within the band combination is power class 1.5 and the corresponding UE capability maxUplinkDutyCycle-PC1dot5-MPE-FR1-r1 is absent;
· the corresponding maxDutyNR,x or maxDutyNR,y is equal to 25%;
· else if power class of one or both of the bands within the band combination is power class 2 and the corresponding UE capability maxUplinkDutyCycle-PC2-FR1 is absent;
· the corresponding maxDutyNR,x or maxDutyNR,y is equal to 50%;
· else if the band is configured with power class 3;
· the corresponding maxDutyNR,x or maxDutyNR,y is equal to 100%.

	R4-2308126
	Samsung, KT
	Views on Tx requirements for band combinations with 3Tx
Proposal 1: For PC1.5 inter-band CA/EN-DC SAR/MPE compliance, it is suggested to use 0.5* maxUplinkDutyCycle-interBandCA-PC2 (if indicated) as the threshold for PC1.5 UL duty cycle, below which the requirements for PC1.5 applies; If the percentage of uplink symbols is larger than 0.5* maxUplinkDutyCycle-interBandCA-PC2 but less than maxUplinkDutyCycle-interBandCA-PC2, the requirements for PC2 applies; otherwise the requirements of default power class applies.
- If maxUplinkDutyCycle-interBandCA-PC2 is absent, UE shall work on power class PC1.5 regardless of UL duty cycle and may use P-MPRc as defined in 6.2.4 in TS 38.101-1 or other means if necessary.
Proposal 2: Errors are identified for PC2 ΔPPowerClass,CA for inter-band ULCA in current NR spec(since Rel-17), correction CR is provided as R4-2308135 in this meeting. The description method of PC1.5 ΔPPowerClass,CA could adopt similar way and could be checked based on the CR provided in future meetings. 
Proposal 3: ΔPPowerClass,CA=
- 6dB applies for a power class 1.5 capable UE when the requirements of default power class are applied;
- 3dB applies for a power class 1.5 capable UE when the requirements of power class 2 are applied;
- Otherwise 0dB applies.
The condition of which power class applies should be described in sub-clause 6.2A.1.3 of 38.101-1, which could be checked based on the CR provided in future meetings.
Proposal 4: It is not needed to define ΔPPowerClass,EN-DC for PC1.5 capable UE in 38.101-3 for the time being considering there is no example PC1.5 EN-DC band combination included in current WID, but PC1.5 ΔPPowerClass,EN-DC could adopt similar methodology as for ΔPPowerClass,CA.

	R4-2308171
	ZTE
	Tx requirements for 3Tx for band combinations within two bands
Proposal 1. Configuration for concurrent 3Tx inter-band NR CA/ENDC can be included in the existing configuration tables (i.e. tables in clause 5.5A in TS38.101-1 for inter-band NR CA, and tables in clause 5.5B in TS38.101-3 for inter-band ENDC ) with specific note to identify the band combination with 1Tx in one band, and 2Tx in the other band.
Observation. Actual percentage of uplink symbols transmitted (i.e. DutyNR, x and DutyNR, x) for the constituent bands are considered for PC2 inter-band CA.
Proposal 2. Apply same approaches as PC2 inter-band UL CA for PC1.5 inter-band UL CA
Proposal 3. Use 0.5*maxUplinkDutyCycle-PC2-FR1 and 0.5*maxUplinkDutyCycle-interBandCA-PC2 if indicated as the threshold for PC1.5 UL-MIMO band duty cycle and PC1.5 UL duty cycle.
Proposal 4. Define configured transmitted power by considering up to PC1.5:
ΔPpowerclass,CA  = 6dB for a PC1.5 capable UE
ΔPpowerclass,CA = 3dB for a PC2 capable UE
Where power fallback behaviour can be further study, pending on the conclusion of SAR solution

	R4-2308242
	vivo
	Tx Requirements of 3Tx for band combinations with two bands
Observation 1: The band combinations for inter-band UL CA + TxD also need to be clearly specified in the spec.
Proposal 1: Add dedicated sections and define specific MOP tables for inter-band UL CA + TxD case. A draft TP is also provided below for 38.101-1.
Observation 2: Current SAR scheme for inter-band UL CA HPUE is for PC2, and simply adding a scaling factor for the overall parameter maxUplinkDutyCycle-interBandCA-PC2 seems not enough since the scheme also have other underlying principles such as per-band power class in the average equation.
Proposal 2: Overall scheme would have to be re-evaluated for PC1.5 case for inter-band UL CA, and not restricted to use 0.5*maxUplinkDutyCycle-interBandCA-PC2.
Observation 3: The EN-DC SAR scheme is different from CA SAR scheme for inter-band UL and needs separate analysis.
Proposal 3: Further study SAR scheme for PC1.5 EN-DC case.

	R4-2308969
	OPPO
	R18 Tx requirement for 3Tx inter-band combinations
Observation 1:   Inter-band UL CA+TxD also follow the principles that for each requirement it points to the single CC requirement of one band and points to TxD requirement of the other band.
Observation 2:   Inter-band UL CA+TxD can be included in the general inter-band UL CA sections with some clarification sentences.
Observation 3:   Inter-band UL CA+TxD can also be included in the inter-band UL CA+ UL MIMO sections but the section title needs to be updated to accommodate both UL MIMO and TxD.
Observation 4:   Inter-band UL CA+TxD can also be introduced with new sections.
Proposal 1:         RAN4 choose one of the options to capture the inter-band UL CA+TxD requirements in the spec:
		Option 1: In the general inter-band UL CA sections
	Option 2: In inter-band UL CA +MIMO sections
Option 3: Introduce new sections for inter-band UL CA+TxD

Observation 5:   UL CA+MIMO supported by low order band combination may not be supported by high order band combination if there is MSD impact. Therefore, it might be needed to indicate in the spec whether the high order band combination can support UL CA+MIMO.
Observation 6:   It is similar as the situation that HPUE is supported by a low order band combination but not supported by high order band combination. And current spec use notes to indicate the support of HPUE.
Proposal 2:         Notes in the configuration tables can be applied to indicate whether a high order band combination can support the UL CA+MIMO if current 2Tx MSD cannot be reused for 3Tx.

Observation 7:   The maxUplinkdutycycle for a PC1.5 UE can be larger than 50%, if use 0.5*maxUplinkDutyCycle-interBandCA-PC2 then it will exclude the values 60%, 70%, 80%, and 90% which is not optimal.
Observation 8:   The averaged percentage of UL symbols need to be updated for the PC1.5 band combination with PC3 in one band and PC1.5 in the other band.
Proposal 3:         If reuse 0.5*maxUplinkDutyCycle-interBandCA-PC2 then the scheme can be updated as below:

	· 0.5*maxUplinkDutyCycle-interBandCA-PC2 is compared with the averaged percentage of UL symbols which is defined as 50% * (DutyNR,x / maxDutyNR,x + DutyNR,y / maxDutyNR,y).
· the maxDutyNR,x is 100% for the band which is PC3
· the maxDutyNR,y is the max Uplink duty cycle capability for the PC1.5 band which is maxUplinkDutyCycle-PC1dot5-MPE-FR1 IE per band for FWA devices, and is the smaller of maxUplinkDutyCycle-PC1dot5-MPE-FR1 IE and 0.5*maxUplinkDutyCycle-PC2-FR1 IE for handheld UE
· If 0.5*maxUplinkDutyCycle-interBandCA-PC2 is higher than the averaged percentage of UL symbols then PC2 or PC3 requirements will apply. 
· To further determine whether PC2 or PC3 requirements apply, the existing scheme can be applied, i.e. maxUplinkDutyCycle-interBandCA-PC2 is compared with the averaged percentage of UL symbols which is defined as 50% * (DutyNR,x / maxDutyNR,x + DutyNR,y / maxDutyNR,y).
· the maxDutyNR,x is 100% for the band which is PC3
· the maxDutyNR,y is the max Uplink duty cycle capability maxUplinkDutyCycle-PC2-FR1 



Observation 9:   There is no UE implement duty cycle based solutions to solve SAR issue up to now, which makes the interest to introduce new scheme for PC1.5 inter-band UL CA is low.
Proposal 4:         To cope with SAR impacts to PC1.5 inter-band ULCA with or without MIMO/TxD, propose to either reuse 0.5*maxUplinkDutyCycle-interBandCA-PC2 or purely rely on PMPR considering there is no UE implement these duty cycle-based solutions and the PMPR approach is preferred.

Observation 10:  The SAR scheme will impact the conditions which determines UE max power fall back.
Proposal 5:         Delta Ppowerclass,CA changes can be further discussed after the SAR schemes is determined.

	R4-2309007
	Xiaomi
	Discussion on Tx requirement for 3Tx for inter-band UL CA and EN-DC
Observation 1: the existing P-MPR and dutycycle approach for SAR issue is also valied for FWA UE.
Proposal 1: for PC2 inter-band CA/DC with 3Tx, current approach (dutycycle capability) for SAR issue for PC2 inter-band CA and EN-DC could be reused.
Proposal 2: for PC2 inter-band CA with 3Tx, used 0.5*maxUplinkDutyCycle-interBandCA-PC2 if indicated as the threshold for PC1.5 UL duty cycle.
Proposal 3: For the calculation of average percentage of uplink symbols for PC1.5 inter-band CA, the following contents should be added.
–	if power class of one or both of the bands within the band combination is power class 1.5 and the corresponding UE capability maxUplinkDutyCycle-PC1dot5-MPE-FR1 is absent;
–	the corresponding maxDutyNR,x or maxDutyNR,y is equal to 25%;

	R4-2309090
	Apple
	draft CR for TS 38.101-1: Introduction of inter-band UL CA with UL MIMO



Open issues summary
Sub-topic 2-1 SAR
Issue 2-1-1: PC1.5 inter-band CA SAR compliance
· Proposals
· Option 1: the maximum UL duty cycle is set as 0.5* maxUplinkDutyCycle-interBandCA-PC2-r17 where its value can be 0.5*[50%, 60%, 70%, 80%, 90%, 100%]. (Huawei, Samsung, Xiaomi)
· below which the requirements for PC1.5 applies; If the percentage of uplink symbols is larger than 0.5* maxUplinkDutyCycle-interBandCA-PC2 but less than maxUplinkDutyCycle-interBandCA-PC2, the requirements for PC2 applies; otherwise the requirements of default power class applies. If maxUplinkDutyCycle-interBandCA-PC2 is absent, UE shall work on power class PC1.5 regardless of UL duty cycle and may use P-MPRc as defined in 6.2.4 in TS 38.101-1 or other means if necessary. (Samsung)
· Option 2: either Alt1 or Alt2 for inter-band CA PC1.5 with 3TX. (LGE)
Alt1) Use 0.5*maxUplinkDutyCycle-interBandCA-PC2 for PC1.5 threshold, e.g, 0.5*Z1, 
· X  > Z1, 		PC3 requirements applies
· 0.5*Z1 < X  ≤ Z1, 	PC2 requirements applies
· X ≤ 0.5*Z1,  	PC1.5 requirements applies
Alt2) Use new_maxUplinkDutyCycle-interBandCA-PC1.5 for PC1.5 threshold, e.g, Z2, 
· X  > Z1, 		PC3 requirements applies
· Z2 < X  ≤ Z1, 	PC2 requirements applies
· X ≤ Z2,  		PC1.5 requirements applies
· Option 3: Use 0.5*maxUplinkDutyCycle-PC2-FR1 and 0.5*maxUplinkDutyCycle-interBandCA-PC2 if indicated as the threshold for PC1.5 UL-MIMO band duty cycle and PC1.5 UL duty cycle. (ZTE)
· Option 4: Overall scheme would have to be re-evaluated for PC1.5 case for inter-band UL CA, and not restricted to use 0.5*maxUplinkDutyCycle-interBandCA-PC2. (vivo)
· Option 5: To cope with SAR impacts to PC1.5 inter-band ULCA with or without MIMO/TxD, propose to either reuse 0.5*maxUplinkDutyCycle-interBandCA-PC2 or purely rely on PMPR considering there is no UE implement these duty cycle-based solutions and the PMPR approach is preferred. (OPPO)

· Recommended WF
· Check whether Option 1 is agreeable, i.e. 0.5* maxUplinkDutyCycle-interBandCA-PC2-r17 is applied as the max Uplink duty cycle that PC1.5 inter-band UL CA capability.
· If the averaged percentage of uplink symbols is below 0.5* maxUplinkDutyCycle-interBandCA-PC2-r17 the requirements for PC1.5 applies; 
· If the averaged percentage of uplink symbols is larger than 0.5* maxUplinkDutyCycle-interBandCA-PC2 but less than maxUplinkDutyCycle-interBandCA-PC2, the requirements for PC2 applies; 
· otherwise the requirements of default power class apply. 
· If maxUplinkDutyCycle-interBandCA-PC2 is absent, UE shall work on power class PC1.5 regardless of UL duty cycle and may use P-MPRc as defined in 6.2.4 in TS 38.101-1 or other means if necessary.

Issue 2-1-2: Text proposal for SAR solutions in 38.101-1
Moderator note: In this issue how to calculate the averaged percentage of UL symbols is discussed.
· Proposals
· Option 1: Update the corresponding maxDutyNR,x or maxDutyNR,y (LGE)
	· maxDutyNR,x, maxDutyNR,y represent the field of UE capability maxUplinkDutyCycle-PC2-FR1 per band or maxUplinkDutyCycle-PC1dot5-MPE-FR1-r1 per band as defined in TS 38.331.  For NR Band x or NR Band y, 
· if power class of one or both of the bands within the band combination is power class 1.5 and the corresponding UE capability maxUplinkDutyCycle-PC1dot5-MPE-FR1-r1 is absent;
· the corresponding maxDutyNR,x or maxDutyNR,y is equal to 25%;
· else if power class of one or both of the bands within the band combination is power class 2 and the corresponding UE capability maxUplinkDutyCycle-PC2-FR1 is absent;
· the corresponding maxDutyNR,x or maxDutyNR,y is equal to 50%;
· else if the band is configured with power class 3;
· the corresponding maxDutyNR,x or maxDutyNR,y is equal to 100%.



· Option 2: If reuse 0.5*maxUplinkDutyCycle-interBandCA-PC2 then the scheme can be updated as below: (OPPO)
	· 0.5*maxUplinkDutyCycle-interBandCA-PC2 is compared with the averaged percentage of UL symbols which is defined as 50% * (DutyNR,x / maxDutyNR,x + DutyNR,y / maxDutyNR,y).
· the maxDutyNR,x is 100% for the band which is PC3
· the maxDutyNR,y is the max Uplink duty cycle capability for the PC1.5 band which is maxUplinkDutyCycle-PC1dot5-MPE-FR1 IE per band for FWA devices, and is the smaller of maxUplinkDutyCycle-PC1dot5-MPE-FR1 IE and 0.5*maxUplinkDutyCycle-PC2-FR1 IE for handheld UE
· If 0.5*maxUplinkDutyCycle-interBandCA-PC2 is higher than the averaged percentage of UL symbols then PC2 or PC3 requirements will apply. 
· To further determine whether PC2 or PC3 requirements apply, the existing scheme can be applied, i.e. maxUplinkDutyCycle-interBandCA-PC2 is compared with the averaged percentage of UL symbols which is defined as 50% * (DutyNR,x / maxDutyNR,x + DutyNR,y / maxDutyNR,y).
· the maxDutyNR,x is 100% for the band which is PC3
· the maxDutyNR,y is the max Uplink duty cycle capability maxUplinkDutyCycle-PC2-FR1 



· Option 3: (Xiaomi)
· if power class of one or both of the bands within the band combination is power class 1.5 and the corresponding UE capability maxUplinkDutyCycle-PC1dot5-MPE-FR1 is absent;
· the corresponding maxDutyNR,x or maxDutyNR,y is equal to 25%; (Xiaomi)

· Recommended WF
· Check whether the averaged percentage of UL symbols can be defined as: 50% * (DutyNR,x / maxDutyNR,x + DutyNR,y / maxDutyNR,y).
· the maxDutyNR,x is 100% for the band which is PC3
· the maxDutyNR,y is the max Uplink duty cycle capability for the PC1.5 band which is maxUplinkDutyCycle-PC1dot5-MPE-FR1 IE per band for FWA devices, and is the smaller of maxUplinkDutyCycle-PC1dot5-MPE-FR1 IE and 0.5*maxUplinkDutyCycle-PC2-FR1 IE for handheld UE


[bookmark: _Hlk135153866]Issue 2-1-3: PC1.5 inter-band EN-DC SAR compliance
· Proposals
· Option 1: no need to discuss SAR requirements at the time being consider the WID does not include any PC1.5 inter-band EN-DC band combinations (Huawei, Samsung)
· Recommended WF
· Option 1

Sub-topic 2-2 Spec change
[bookmark: _Hlk132132848][bookmark: _Hlk127813063]Issue 2-2-1: Where to capture 3Tx with UL CA+TxD
· Proposals
· Option 1: new sections for inter-band UL CA + TxD. (vivo, OPPO)
· A draft TP is provided for 38.101-1 in R4-2308242
· Option 2: In the general inter-band UL CA sections
· Example changes provided in R4-2308969 (OPPO)
· Option 3: In inter-band UL CA +MIMO sections
· Example changes provided in R4-2308969 (OPPO)
· Recommended WF
· Check whether Option 1 is agreeable.

Issue 2-2-2: band combinations for 3Tx inter-band NR CA/ENDC
· Proposals
· Option 1: Add notes in the existing configuration tables (ZTE, OPPO)
· Add specific note to identify the band combination with 3Tx in tables in clause 5.5A in TS38.101-1 for inter-band NR CA, and tables in clause 5.5B in TS38.101-3 for inter-band ENDC. (ZTE)
· Notes in the configuration tables can be applied to indicate whether a high order band combination can support the UL CA+MIMO if current 2Tx MSD cannot be reused for 3Tx. (OPPO)
· Recommended WF
· Check whether Option 1 is agreeable, i.e. 
· use notes in configuration tables to identify which UL and DL configurations that 3Tx UE supports considering MOP tables are only for UL configurations without the DL combination information.

Issue 2-2-3: Pcmax changes 
· Proposals
· Option 1: For PC1.5, ΔPPowerClass,EN-DC = 6 dB in section 6.2A.4.1.3 of Ts38.101-1. (Huawei)
· Option 2: (LGE, ZTE)
· ΔPPowerClass,CA = 6 dB for a power class 1.5 capable UE;
· ΔPPowerClass,CA = 3 dB for a power class 2 capable UE 
· 0dB otherwise
· Option 3: (Samsung)
· [bookmark: _Hlk135154798]6dB applies for a power class 1.5 capable UE when the requirements of default power class are applied;
· 3dB applies for a power class 1.5 capable UE when the requirements of power class 2 are applied;
· Otherwise 0dB applies.
· The condition of which power class applies should be described in sub-clause 6.2A.1.3 of 38.101-1, which could be checked based on the CR provided in future meetings.
· Option 4: Delta Ppowerclass,CA changes can be further discussed after the SAR schemes are determined. (OPPO)
· Recommended WF
· Check whether Option 3 is agreeable, and the detailed fallback conditions are further discussed after the SAR schemes are determined.

Issue 2-2-4: Comment collection of Inter-band UL CA+MIMO feature CR
	R4-2309090
	Apple
	draft CR for TS 38.101-1: Introduction of inter-band UL CA with UL MIMO



Topic #3: Rx requirements for 3Tx inter-band UL CA/EN-DC
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2307146
	Huawei, HiSilicon
	On UE MSD requirements for FWA UE supporting 3T for two bands
Observation 1: PC2 MSD in current specification for an inter-band CA band combination is defined based on 23+23dBm PA configuration, which has not considered increase power limit feature.
Observation 2: PC2 MSD is different for UE supporting increase power limit feature and the difference is not reflected in the spec yet.
Observation 3: With rough estimation, due to additional PCB and antenna isolation, the IMD increase caused by the 2nd PA of n78 is minimal.
Observation 4: For harmonic mixing, the MSD caused by 2Tx or 1Tx with same power class for the high aggressor band is comparable.
Observation 5: Cross band isolation requirements for some band combination could already consider different implementation for the same power class. In other words, the requirements should be applicable for both 1T and 2T for the aggressor band with same power class.
Observation 6: For IMD MSD test, use the fallback power class with 1T for the 2T band together with the other operating band could reflect the MSD impact enough.
Proposal 1: For PC2 IMD MSD with 2 bands, the requirements specified based on 1Tx-1Tx UL configuration are applicable for 1Tx-2Tx UL configuration. 
Proposal 2: For harmonic mixing and crossband isolation MSD with 2 bands, same MSD requirements can be applied for the band combination with either 1Tx or 2Tx in TDD aggressor band UL with same power class.
Proposal 3: For PC1.5 3T band combination, the following test configuration could be adopted:
	MSD test configuration
	PC3 FDD band
	PC1.5 TDD band

	Option 3
	23 dBm
	26 dBm




	R4-2308125
	Samsung, KT
	Views on Rx requirements for band combination with 3Tx
Observation 1: For PC2 CA_n26-n78, CA_n8-n78, DC_40-n78, currently there is no corresponding PC2 2Tx (23+23) MSD to be referred to.
Proposal 1: In terms of harmonic mixing, same MSD requirements can be applied for a band combination with either 1Tx or 2Tx in aggressor band with same power class.
Proposal 2: In terms of cross band isolation, same MSD requirements can be applied for a band combination with either 1Tx or 2Tx in aggressor band with same power class.
Proposal 3: Same IMD MSD requirements can be applied for 1Tx-1Tx and 1Tx-2Tx PA configuration for the same PC2 2-band combination.
Proposal 4: For PC1.5 3Tx (PC3@FDD, PC1.5@TDD) IMD, adopt below test configuration.
	MSD test configuration
	PC3 FDD band
	PC1.5 TDD band

	Option 2
	23 dBm
	23 dBm




	R4-2308172
	ZTE
	Rx requirements for 3Tx for band combinations within two bands
Observation 1. For the same power class in aggressor band, comparing with aggressor 1Tx (26dBm) band, the reverse IMD products of aggressor 2Tx band via PCB path and/or conductive path may cause additional interference on the victim band Rx, which might need some measurements on the impacts.
Observation 2. PA output power and PA noise of 26dBm and 23dBm would be different due to the PA design which may cause MSD difference between 1Tx and 2Tx aggressor band.
Proposal 1: For measurements purpose, it is proposed to select one or two example band combinations to re-evaluate the MSD value for harmonic mixing, cross band isolation MSD and IMD to see the delta MSD compared to the existing MSD of PC2 band combination.
Proposal 2: Same uplink/downlink configurations of the existing PC2 band combination are for concurrent 3Tx PC2 band combination.
Observation 3. Similar issue as PC2, i.e. reverse IMD of aggressor 2Tx band, may need to be considered. 
Proposal 3: Test configurations for the constituted bands in PC1.5 3Tx BC should be discussed first.

	R4-2308970
	OPPO
	R18 3T4R MSD analysis
Harmonic mixing MSD calculation
Observation 1:  The MSD difference between 2Tx PC3+PC3 and 1Tx PC2 is 3.8dB.
Observation 2:  Baseline REFSENS of victim band doesn’t impact the MSD difference between 2Tx PC3+PC3 and 1Tx PC2.
Observation 3:  The MSD is same between 2Tx PC3+PC3 and 1Tx PC2 when the victim band duplexer rejection is large enough.
Observation 4:  MSD difference between 2Tx PC3+PC3 and 1Tx PC2 is not impacted by the harmonic mixing rejection levels and orders.
Observation 5:  MSD difference between 2Tx PC3+PC3 and 1Tx PC2 is only impacted by the victim band duplexer rejections.
Proposal 1:    Apply 36dB (with 0.8dB margin) for 3Tx CA_n28-n78 5th order harmonic mixing MSD.

Cross band leakage MSD calculation
Observation 6:  There is no MSD difference between 2Tx PC3+PC3 and 1Tx PC2 for n41+n77 with separate antennas.
Observation 7:  The Tx noise level and Tx filter attenuation have no impact to the MSD difference between 2Tx PC3+PC3 and 1Tx PC2 for n41+n77 with separate antennas.
Proposal 2:     Reuse 1xPC2 cross band leakage MSD for PC3+PC3 MSD for the band combinations with separate antennas, e.g. n41+n77, and b40+n78.

Observation 8:  For the band combinations with shared antennas, case by case analysis might be needed to derive the PC3+PC3 cross band leakage MSD.

IMD MSD calculation
Observation 9:  For PC2 b3+n78, the 3Tx IMD MSD is 0.9dB smaller than 2Tx.
Observation 10:  For PC2 b3+n78, the forward IMD is the dominant factor which means the PCB leakage is the dominant interference no matter for 2Tx UE or 3Tx UE.
Observation 11:  The IMD MSD difference between 3Tx and 2Tx PC2 UE is within the range of [-1dB, 1.5dB].
Proposal 3:     Reuse current 2Tx PC2 UE IMD MSD for 3Tx PC2 UE.

	R4-2309008
	Xiaomi
	Discussion on Rx requirement for 3Tx for inter-band UL CA and EN-DC
PC2 inter-band CA or EN-DC
Proposal 1: the same MSD requirement due to cross band isolation, harmonic mixing or IMD could be applied for 2Tx (1Tx-1Tx) and 1Tx-2Tx with the same power class.
Proposal 2: if PC2 is already introduced for the corresponding inter-band CA and EN-DC band combination with 2Tx, the same MSD requirements could be reused for 3Tx. If PC2 is not introduced, the MSD requirements should be re-evaluated.
Based on the proposals, the summary on how to define MSD requirements for the example PC2 band combinations in the WID is shown in table 5.
PC1.5 inter-band CA or EN-DC
Proposal 3: For MSD due to harmonic, harmonic mixing and cross band isolation if needed for 23dBm+29dBm power configuration, the maximum PC1.5 for one band should be considered and the MSD requirements should be studied case by case manner.
Observation 1: The total power of option 1 is more than 29dBm which exceeds the power class PC1.5, thus option 1 is not a valid power set for 2UL.
Observation 2: if the worst case is considered, the UL configuration 23 dBm+27.8dBm (option 2) should be set when evaluating the MSD requirement for PC1.5, but it is hard to get a common formula on the power set for all possible power class configuration (eg,23+29, 26+26).
Proposal 4: Either 23dBm+23dBm or 26 dBm +26 dBm could be as power set for deriving MSD requirement due to IMD, and 26 dBm +26 dBm could be preferred.

	R4-2309091
	Apple
	On Rx requirements for inter-band UL CA/DC with 3Tx
Observation 1: For CA_n41A-n77A, Rx harmonic mixing is dominated by PCB coupling.
Observation 2: It would not be feasible to quantify a definite coupling factor difference among all the PCB coupling paths as they are highly implementation dependent.
Observation 3: By assuming a common PCB coupling factor for all coupling paths and 2Tx UL 2nd harmonic interferences are uncorrelated, the calculated MSD is expected to be the same between the 2Tx and 3Tx implementations. 
Proposal 1: For Rx harmonic mixing, the 2Tx MSD can be reused for 3Tx for the same band combination and same power class in aggressor UL.
Observation 4: For cross-band interference, the direct signal path would dominate the Tx noise contribution.
Observation 5: The cross-band interference MSD analysis can be similar to RSD analysis for PC2 FDD bands between 1Tx and 2Tx implementations.
Observation 6: 2Tx aggressor MSD in general is worse than 1Tx due to that both main path and diversity path are equally impacted by Tx noise. However, this observation is only apparent when the victim band is implemented with 2Rx.
Observation 7: For cross-band interference with 2Rx in victim band, the MSD may have to be analyzed case-by-case.
Proposal 2: For cross-band interference, MSD can be reused for victim band with 4Rx. For victim band with 2Rx, the MSD may have to be analyzed case-by-case.
Observation 8: For DC_3A_n78A, the 3Tx implementation is subject to higher PC2 IMD2 MSD than 2Tx implementation (35.4 dB versus 31.6 dB)
Observation 9: For DC_3A_n78A, the PC2 IMD2 MSD difference between 2Tx and 3Tx implementations can be reduced if diplexer and n78 filter total rejection at B3 DL range is improved.
Proposal 3: For 2UL IMD, the PC2 MSD may have to be analyzed case-by-case for 3Tx implementation.



Open issues summary
Sub-topic 3-1 Harmonic mixing
Issue 3-1-1: 3Tx MSD for Harmonic mixing
· Proposals
· Option 1: same MSD requirements can be applied for the band combination with either 1Tx or 2Tx in TDD aggressor band UL with same power class. (Huawei, Samsung, Xiaomi, Apple)
· Option 2: For measurements purpose, it is proposed to select one or two example band combinations to re-evaluate the MSD value to see the delta MSD compared to the existing MSD of PC2 band combination. (ZTE)
· Recommended WF
· Check whether Option 1 is agreeable.

Issue 3-1-2: 3Tx CA_n28-n78 5th order harmonic mixing MSD
· Proposals
· Option 1: Apply 36dB (with 0.8dB margin). (OPPO)
· Note: MSD is 31dB for 1Tx PC2 in current spec
Moderator note: in the calculation 70dB PCB isolation is assumed.

Sub-topic 3-2 Cross band leakage
Issue 3-2-1: 3Tx MSD for cross band isolation
· Proposals
· Option 1: same MSD requirements can be applied for the band combination with either 1Tx or 2Tx in TDD aggressor band UL with same power class. (Huawei, Samsung, Xiaomi)
· Option 2: Reuse 1xPC2 cross band leakage MSD for PC3+PC3 MSD for the band combinations with separate antennas, e.g. n41+n77, and b40+n78. (OPPO)
· For the band combinations with shared antennas, case by case analysis might be needed to derive the PC3+PC3 cross band leakage MSD.
· Option 3: For cross-band interference, MSD can be reused for victim band with 4Rx. For victim band with 2Rx, the MSD may have to be analyzed case-by-case. (Apple)
· Option 4: For measurements purpose, it is proposed to select one or two example band combinations to re-evaluate the MSD value to see the delta MSD compared to the existing MSD of PC2 band combination. (ZTE)
· Recommended WF
· For the aggressor band with 1Tx or 2Tx at same power class same MSD is applied, 
· if 4Rx is mandatory for the victim band (e.g. n41+n77); or 
· if separate antennas for the victim band and aggressor band are assumed in the reference architecture;
· Further discuss 4Rx is optional and shared antenna cases;
· Measurement is encouraged.

Sub-topic 3-3 IMD
Issue 3-3-1: 3Tx MSD for PC2 IMD
· Proposals
· Option 1: the requirements specified based on 1Tx-1Tx UL configuration are applicable for 1Tx-2Tx UL configuration. (Huawei, Samsung, OPPO, Xiaomi)
· Option 2: For measurements purpose, it is proposed to select one or two example band combinations to re-evaluate the MSD value to see the delta MSD compared to the existing MSD of PC2 band combination. (ZTE)
· Option 3: For 2UL IMD, the PC2 MSD may have to be analysed case-by-case for 3Tx implementation. (Apple)
· Recommended WF
· Check whether Option 1 is agreeable.

Issue 3-3-2: 3Tx IMD test configuration for PC2 CA/DC
· Proposals
· Option 1: Same uplink/downlink configurations of the existing PC2 band combination are for concurrent 3Tx PC2 band combination. (ZTE)
· Recommended WF
· Check whether Option 1 is agreeable
Sub-topic 3-4 3Tx PC1.5
Issue 3-4-1: 3Tx IMD test configuration for PC1.5 CA
· Proposals
· Option 1: (Huawei)
	PC3 FDD band
	PC1.5 TDD band

	23 dBm
	26 dBm


· Option 2: (Samsung)
	PC3 FDD band
	PC1.5 TDD band

	23 dBm
	23 dBm


· Option 3: Either 23dBm+23dBm or 26 dBm +26 dBm could be as power set for deriving MSD requirement due to IMD, and 26 dBm +26 dBm could be preferred (Xiaomi)

Issue 3-4-2: 3Tx MSD for PC1.5 CA
· Proposals
· Option 1: Test configurations for the constituted bands in PC1.5 3Tx BC should be discussed first. (ZTE)
· Option 2: maximum PC1.5 for one band should be considered and the MSD requirements should be studied case by case manner. (Xiaomi)

Sub-topic 3-5 General issue
Issue 3-5-1: Handling of band combinations whose 2Tx MSD is missing in current spec
· Proposals
· Option 1: If PC2 is not introduced, the MSD requirements should be re-evaluated. (Xiaomi)
· Recommended WF
· Option 1
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