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Introduction
This summary cover Tdoc submitted in this meeting under agenda 8.28 (4Rx basket WI) and 8.29 (low band 4Rx and inter-band 3Tx WI). The discussions below will be split into three sections with each topic.
Topic #1: 4Rx support for NR FR1 bands (<2.6GHz) in Rel-18
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2301277
	ZTE
	Revised WID: 4Rx support for NR FR1 bands (<2.6GHz) in Rel-18
Moderator note: Reserved Tdoc

	R4-2301278
	ZTE
	Big CR to reflect the completed 4Rx support for NR FR1 bands (<2.6GHz) into TS 38.101-1
Moderator note: Reserved Tdoc

	R4-2301255
	ZTE, China Telecom
	draft CR to TS38.101-1: 4Rx for n5

	R4-2302447
	T-Mobile USA
	Draft CR for 38.101-1: 4Rx for n25 and n85



Open issues summary
Sub-topic 1-1 CRs for 38.101-1
	T-doc 
	Company
	Title/Comments
	Recommendation

	R4-2301255
	ZTE, China Telecom
	draft CR to TS38.101-1: 4Rx for n5
Moderator note: n5 (800MHz) is introduced with 4Rx for FWA
	Can be agreed

	R4-2302447
	T-Mobile USA
	Draft CR for 38.101-1: 4Rx for n25 and n85
Moderator note: Introduce 4Rx for n85 (700MHz) FWA and n25 (1.9GHz).
	Can be agreed



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

	R4-2300363
	Apple
	Observation 1: For LB 4Rx design, adding two additional LB antenna should ensure not only the added antenna are with acceptable radiative performance for all the supported lower frequency bands, but also not to impact the original 2Rx antenna performance for the same supported lower frequency bands.
Observation 2: Under a fixed volume/space for all the required antenna elements in a handheld UE, adding additional two LB antenna may impose reshaping and rearranging the placement of the existing antenna which may also impact the antenna performance for other frequency bands (> 1.7 GHz) and non-3GPP radios.
Observation 3: Even the LB 4Rx requirements have only been specified for FWA form factor, it does not really prevent handheld UE from supporting the feature.
Observation 4: The capacity gain with 4Rx for LB is less attractive than bands between 1.7 GHz to 2.6 GHz (MB and HB) due to that the band ranges are typically narrower.
Observation 5: There is no necessity to explicitly introduce LB 4Rx feature for handheld UE.
Proposal: The LB 4Rx requirements targeted for FWA form factor is maintained in RAN4 specifications.

	R4-2301095
	Xiaomi
	supporting 4Rx in lower band should be as an optional feature;
some relaxations on ΔRIB,4R should be needed;
For ∆TRxSRS, we think it is not an issue considering all the requested lower bands currently are FDD bands in the WID;

	R4-2301186
	OPPO
	[bookmark: _Hlk127806669]Observation 1:   Commercial smartphones on the market already support low band 4Rx and all of them have passed the entrance certification tests including OTA tests. The feasibility study can be closed.
Proposal 1:         Confirm it is feasible to support low band 4Rx in handheld UE, considering there are already commercial smartphones on the market with low band 4Rx and have passed the certifications including OTA tests.
Observation 2:   RFFE complexity/ILs and imbalance between different Rx chains are the main contributor of Rx RFSENS losses when more Rx antennas are supported.
Observation 3:   Similar RFSENS gain can be achieved for FWA and for Smartphone considering the main difficulty of supporting 4Rx in low bands is the antenna design instead of RFFE, and the antenna performance doesn’t impact the RF RFSENS requirement.
Observation 4:   LTE band 20 is a below 1GHz band and its delta RIB,4R has been defined as -2.7dB for handheld UE in 36.101.
Observation 5:   The LTE delta RIB,4R (-2.7dB and -2.2dB) were defined as a compromised outcome after long and vast discussions. The bands were divided into “easy” and “difficult” bands in LTE stage based on frequency range is below or above 3GHz. Then NR followed LTE approach.
Proposal 2:         Delta RIB,4R for below 1GHz bands is specified as -2.7dB for handheld UE, considering the reasons that LTE has specified b20 as -2.7dB, also no difference between handheld UE and FWA in RFFE, and the “easy/difficult” band grouping in the past.
Observation 6:   New signaling is not always needed in differentiating requirements for different UE types in FR1 unless it is useful in NW scheduling.
Proposal 3:         New signaling is not introduced, no matter the delta RIB,4R requirement is same or different between handheld UE and FWA, considering the benefit of such signaling is unclear.
Observation 7:   SRS antenna switch feature was designed for TDD bands with channel reciprocity and NW can leverage the UL SRS signal to derive the DL channel information. It is not applicable to FDD bands.
[bookmark: _Hlk127810054]Proposal 4:         There is no need to further study the delta TRxSRS requirement for the bands below 1GHz in RAN4, considering SRS antenna switching is designed for TDD bands with channel reciprocity and not applicable to FDD bands.

	R4-2301251
	ZTE
	[bookmark: _Hlk127806964]Observation 1. Whether or not support 4Rx in low band(<1GHz) for handheld UE depend on the implementation and design.
Observation 2. ΔRIB,4R requirement have already been defined for LTE band 20 without restrictions of FWA form factor, and the ΔRIB,4R requirement for band 20 is the same with other Mid bands.
Proposal: ΔRIB,4R = -2.7dB for NR sub-1GHz bands to support 4Rx antennas for handheld UE.

	R4-2301542
	vivo
	Observation 1: The ECC parameter and antenna efficiency of low band 4Rx antenna for smartphone may still not satisfactory for typical performance/requirement.
Observation 2: The current impacted requirements such as deltaRIB,4R and ∆TRxSRS are conductive which seems do not have much feasibility issue.
Proposal 1: Some more simulation or test verification is needed to study the antenna correlation and / or throughput gain.
Proposal 2: The requirements discussion can be postponed after more feasibility study is conducted. 

	R4-2302236
	Google
	[bookmark: _Hlk127807169]Proposal 1: Considering the implementation complexity is very high for the handheld UE equipped with LB 4Rx, it is proposed to have more time to evaluate the feasibility and defer LB 4Rx discussion to Rel-19.
Proposal 2: The Rel-15 signaling is enough for the handheld UE to indicate LB 4Rx support and there is no need to introduce any new capability signaling.

	R4-2302373
	Huawei, HiSilicon
	Observation 1: For low bands <1GHz, at least 4Rx requirements targeted for FWA UE will be defined.
Observation 2: Different requirements can be specified for different form factors though there is no mechanism to distinguish different UE types.
Observation 3: Requirements for 4Rx, i.e. delta Rib, is determined not only by antenna implementation but also digital domain processing.
Proposal 1: It is proposed that interested companies to provide more measurement data for antenna correlation/isolation for evaluation of feasibility on 4Rx for handheld UE. 
[bookmark: _Hlk127810447]Proposal 2: It is proposed to consider both antenna implementation and digital domain processing to evaluate the possible delta Rib value for handheld UE. 



Open issues summary
Sub-topic 2-1 Feasibility of low band 4Rx
Open issues and candidate options before meeting:
Issue 2-1-1: Feasibility of supporting 4Rx in low bands (<1GHz)
· Proposals
· Option 1: It is feasible
· Option 1a: There are UEs on the market with 4Rx and passed the certifications including OTA tests, therefore, justified the feasibility of supporting 4Rx in low bands. [OPPO]
· Option 1b: Supporting 4Rx in lower band should be as an optional feature even it is verified that 4Rx is feasible. [Xiaomi]
· Option 1c: It depends on the implementation and UE design. [ZTE]
· Option 1d: It seems feasible, but complexity is high and gain is low. [Apple]
· Option 2: More measurement data is needed
· Option 2a: Some more simulation or test verification is needed to study the antenna correlation and/or throughput gain. [vivo]
· Option 2b: Interested companies to provide more measurement data for antenna correlation/isolation for evaluation of feasibility on 4Rx for handheld UE. [Huawei]
· Option 3: Move to Rel-19 considering the implementation complexity is very high. [Google]
· Recommended WF
· Supporting 4Rx in low bands is feasible at least for some UE and complexity might be high or gain might be low for some other UE which is UE implementation dependent.
· Supporting 4Rx in low bands is an optional feature.
· Interested companies are encouraged to provide more measurement data if feasibility issue is found.

Sub-topic 2-2 Requirements for 4Rx at low bands
Open issues and candidate options before meeting:
Issue 2-2-1:  ΔRIB,4R
· Proposals
· Option 1: ΔRIB,4R = -2.7dB with reasons below [ZTE, OPPO]
· LTE delta RIB,4R (-2.7dB and -2.2dB) were defined based on differentiation of “easy” bands (below 3GHz) and “difficult” bands (above 3GHz).
· LTE B20 is a low band and has specified with -2.7dB for all UE types.
· Antenna is main difficulty to support 4Rx but it doesn’t impact the ΔRIB,4R (conduct requirement). The RFFE complexity/ILs and imbalance between different Rx chains are the main contributor of Rx RFSENS losses when more Rx antennas are supported, however, they are similar for FWA and handheld UE.
· Option 2: Relax than -2.7dB with reasons below [Xiaomi]
· The impacted factors (coupling among Rx paths and antenna correlation) in a smartphone could be a bit more complicated and severe compared with FWA devices.
· Option 3: Other view
· Consider both antenna implementation and digital domain processing to evaluate the possible delta Rib value for handheld UE. [Huawei]
· Only specified for FWA form factor, it does not really prevent handheld UE from supporting the feature. [Apple]
· Postpone requirements discussion after more feasibility study is conducted. [vivo]
· Recommended WF
· Try to agree on a value range in this meeting, e.g. [-2.2, -2.7]
· Note: the worst value in current spec is -2.2, and best is -2.7.

Issue 2-2-2:  delta TRxSRS
· Proposals
· Option 1: Doesn’t need to specify with reasons below [Xiaomi, OPPO]
· All the requested lower bands currently are FDD bands in the WID, and SRS antenna switching is designed for TDD bands.
· Recommended WF
· Don’t specify delta TRxSRS for FDD low bands in this WI.

Sub-topic 2-3 Signaling for 4Rx at low bands
Open issues and candidate options before meeting:
Issue 2-3-1:  Signalling to indicate whether UE support low band 4Rx
· Proposals
· Option 1: Not introduce new signaling, the Rel-15 signaling is enough. [Google]
· Recommended WF
· Option 1.

Issue 2-3-2:  Signalling to differentiate requirements for handheld UE and FWA
· Proposals
· Option 1: New signaling is not introduced, no matter the delta RIB,4R requirement is same or different between handheld UE and FWA, considering the benefit of such signaling is unclear. [OPPO]
· Recommended WF
· TBA


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

	R4-2300360
	Apple
	Proposal 1: Add the new clauses in Table 2-1 to TS 38.101-1 to enable the simultaneous 3Tx feature for inter-band UL CA.
Proposal 2: Endorse the text proposal above for the new clause “6.2H.2 Transmitter power for inter-band UL CA with UL MIMO” to support the simultaneous 3Tx feature for inter-band UL CA.
Observation 1:  A UE supporting simultaneous 3Tx transmission may not always support UL Tx switching.
Observation 2:  It seems necessary to introduce a new UE capability for the support of simultaneous 3Tx to differentiate the capability of UL Tx switching for the same inter-band UL configuration.
Proposal 3: RAN4 to discuss whether a new UE capability for supporting simultaneous 3Tx transmission in 2 bands is needed or not.

	R4-2300361
	Apple
	Observation 1: For PC1.5 inter-band UL CA/DC, it seems necessary to introduce PC1.5 with PC2 1Tx in one band and PC2 1Tx in the other band in order to set the foundation for PC1.5 with 3Tx, or at least, PC1.5 with 2Tx needs to be developed in parallel with PC1.5 with 3Tx.
Observation 2: The easiest path to introduce PC1.5 UL CA/DC is to start with PC2+PC2 in TDD+TDD band combinations.
Proposal 1: Introduce PC1.5 with (PC2 1Tx + PC2 1Tx) for UL CA_n41-n77A to set the foundation for PC1.5 with 3Tx.
Observation 3: To introduce PC1.5 feature for inter-band UL CA, the required Tx specifications updates are to add PC1.5 in Table 6.2A.1.3-1 and increase the PCMAX range up to 29 dBm in Table 6.2A.4.1.3-1 in TS 38.101-1.
Proposal 2: Remove PC4 columns in Table 6.2A.1.3-1 to leave space for PC1.5 as PC4 has never been defined in RAN4 specifications.
Observation 4: MSD requirements are meant to verify the PA linearity, filter isolation, as well as receiver linearity performance.
Observation 5: Though ideally it may be desired to set the outpower at PCMAX for the worst-case MSD, there would be no loss of test coverage if reusing the PC2 2UL IMD MSD test configuration (Option 2) for PC1.5 UL CA/DC with (PC3 FDD + PC1.5 TDD) UL configuration.
Proposal 3: For PC1.5 UL CA/DC with (PC3 FDD + PC1.5 TDD) UL configuration, reuse the PC2 2UL IMD MSD test configuration (Option 2 in Table 2-1) and requirements.
Proposal 4: New 2UL IMD MSD framework is to be discussed only when PC1.5 UL CA/DC with (PC2 FDD + PC2 FDD or TDD) and (PC2 FDD + PC1.5 TDD) would be introduced later.

	R4-2301094
	Xiaomi
	Observation 1: although it can be expected the Tx requirements are basically per-band based for 3Tx with 2 bands which is the same as inter-band CA case, it doesn’t mean current Tx requirements for inter-band CA could directly cover this 3Tx with 2 bands case.
Observation 2: separate sections (with independent suffix) for UL MIMO, TxD and single Tx are defined in current spec, but the requirement definition for inter-band CA just reference to the section that indicating single Tx requirement for each band.
Observation 3: when PC2 or PC1.5 in one band with UL MIMO or TxD, there have different MPR requirement compared with single Tx based on current spec.
Observation 4: From UE implementation point of view, 3Tx should be a new feature.
Proposal: introduce a new clause suffix in TS38.101-1/3 to define RF requirement for 3Tx with 2 bands.

	R4-2301109
	Samsung, Telus, Bell Mobility, KT corporation
	Observation 1: For inter-band UL CA (2Tx in total), generally the RF requirement is either per-band basis or per-carrier basis, except for MOP, SE and MSD. 
Observation 2: RF Requirement for TxD refers to either the requirement for UL MIMO, or the requirement for single CC applicable for each transmitter antenna connector or the sum of each transmitter antenna connector.
Observation 3: 3Tx should be explicitly enabled for certain band combinations for certain power class which are already included or to be included in the WID due to the nature of this WID as well as band combination-specific requirement is expected.
Observation 4: In terms of 3Tx to achieve inter-band UL CA with UL MIMO/TxD, the requirement is still per-band or per-carrier basis except for MOP, SE and MSD. 
Proposal 1: No new Tx requirement for 3Tx is identified compared with the requirement for pure inter-band UL CA with 2-band (nXA-nYA).
Proposal 2: Requirement for each Tx/Rx characteristic should be described to accommodate 3Tx scenario, i.e. the requirement for the band with 2Tx (TxD or UL MIMO) should refer to corresponding requirement in suffix D or G (take 38.101-1 as example).
Observation 5: In terms of harmonic/harmonic mixing/cross band isolation, MSD for DLCA with single CC UL supporting 2Tx (TxD or UL MIMO) has not been introduced yet, current MSD captured in suffix A (take 38.101-1 for example) is defined with the assumption 1Tx for the aggressor band.
Observation 6: In terms of IMD, MSD for 3Tx architecture has never been evaluated before.
Observation 7: The interference path is highly correlated to the RF architecture, which means there would be additional interference path for 3Tx compared with 2Tx.
Observation 8: PC1.5 for inter-band UL CA (2Tx in total) has not been specified yet, which means IMD for PC1.5 has never been discussed.
Proposal 3: For harmonic/harmonic mixing/cross band isolation/IMD, evaluate the new MSD framework for 3Tx operation based on the selected example band combinations (TBD), define new MSD value if needed.
Proposal 4: With the assumption that MSD value (framework) is different between 3Tx and 2Tx, note (or description) is needed to differentiate the case only 3Tx operation has been introduced for certain band combination for certain power class, but not 2Tx operation.
Proposal 5: In terms of inter-band UL CA with TxD (3Tx in total), it is suggested to explicitly enable 3Tx operation for certain band combination for certain power class via adding new note to Table 6.2A.1.3-1 of 38.101-1 and Table 6.2B.1.3-1 for 38.101-3, as well as adding specific description for each relevant Tx/Rx requirement (into suffix A of 38.101-1 and suffix B of 38.101-3). 
Proposal 6: In terms of inter-band UL CA with UL MIMO (3Tx in total), it is suggested to explicitly enable 3Tx operation for certain band combinations by adding a new sub-clause to suffix H of 38.101-1. FFS on how to introduce it for 38.101-3.

	R4-2301187
	OPPO
	3Tx with PC2 total power class
Observation 1:   The main difference of PC2 3Tx inter-band UL CA comparing to 2Tx inter-band UL CA is how to treat the band with 2Tx which can work in TxD or UL MIMO/ULFPTx.
Observation 2:   Most inter-band UL CA requirements are defined by reusing single band requirements for each CC. For these requirements, the 3Tx inter-band UL CA can be defined by referring to TxD or UL MIMO requirements for the CC with 2Tx.
Proposal 1:         Introduce 3Tx with PC2 inter-band UL CA by adding some clarifications in the current inter-band UL CA requirements. More detailed below as starting point:
· Clarify the applicable requirements for the band with 2Tx, i.e. add references of 1 port TxD and 2 port UL MIMO requirements for MOP, MPR, AMPR, Min Pow, OFF Pow, ON/OFF time mask, Freq Error, transmit modulation quality, Occupied CBW, SEM, ACLR, Spurious Emission, Transmit intermodulation.
· Clarify the MIMO configurations for MOP and Pcmax.
Observation 3:   Tx requirements are common for all inter-band combinations, and no specific requirements need to be defined for each band combination.
Observation 4:   The example band combinations in the WID are all existing in the current spec which makes the CA/EN-DC PC2 Rx requirements doesn’t need to be re-introduced.
Proposal 2:         The is no Rx requirements impact for 3Tx with PC2 inter-band UL CA/EN-DC configurations considering all the example band combinations are covered by current spec.
3Tx with PC1.5 total power class
Observation 5:   PC1.5 for inter-band UL CA/EN-DC with 2Tx in total haven’t been defined in the spec. And for the Tx requirements referring to single CC it can be applied to both PC2 and PC1.5 3Tx inter-band UL CA/EN-DC.
Proposal 3:         Apply same Tx requirement updates for 3Tx with PC1.5 or PC2 total power class as long as the inter-band Tx requirements are defined as referring to single band requirements of each CC.
Observation 6:   The Rx requirements impacted by 3Tx with total power class PC1.5 is more like band combination specific requirements which need to be discussed per band combination.
Observation 7:   Current harmonic interference for n71+n41 can be applied to PC3 n71+ PC1.5 n41 since the aggressor band power class doesn’t change.
Observation 8:   IMD4 for n71+n41 need to be re-evaluated for the new power class combinations.
Proposal 4:         For PC3 n71+ PC1.5 n41 with total power PC1.5, keep the harmonic MSD unchanged in the spec, and re-evaluate the IMD4 interference caused MSD.

	R4-2301250
	ZTE
	Observation 1. Concurrent 3Tx is supported for the HPUE band combination includes one constituent band support UL-MIMO/TxD.
Proposal 1: The Tx requirements of maximum output power, MPR/A-MPR, Output power dynamics, Transmit OFF power, Transmit ON/OFF time mask, Frequency error, Transmit modulation quality and Output RF spectrum emissions (OBW/ACLR/SEM/SE) for inter-band UL CA should be updated accordingly to support concurrent 3Tx UL configuration, and per band requirements approach can be reused.
Proposal 2: The Tx requirements of configured transmitter power for inter-band UL CA/ENDC should be updated accordingly to support concurrent 3Tx UL configuration.
Proposal 3: The existing ΔTIB,c /ΔRIB,c requirements could be applied for concurrent 3Tx for inter-band CA/ENDC combinations.
Proposal 4. For the band combination with a band supports UL MIMO in inter-band UL CA or inter-band EN-DC, the harmonic, Rx harmonic mixing and cross band isolation MSD should be re-evaluated in case of the aggressor NR UL band is changed to aggressor NR UL MIMO band.
Proposal 5. For FDD-TDD band combination with TDD band support UL MIMO/TxD in inter-band UL CA or inter-band EN-DC, the IMD MSD should be re-evaluated.
Proposal 6: MSD re-evaluation for the band combinations listed in the WID:
CA_n28A-n41A:
- No new MSD will be defined
CA_n28A-n78A
- No new harmonic MSD will be defined
- New PC2 IMD5 MSD and PC2 Receive harmonic mixing MSD should be defined
CA_n8A-n78A
- No new harmonic MSD will be defined
- New PC2 IMD4 MSD should be defined
CA_n41A-n71A
- No new harmonic MSD will be defined
- New PC2 IMD4 MSD should be defined
CA_n41A-n77A  
- New PC2 harmonic mixing MSD should be defined
- New PC2 Cross band isolation MSD should be defined
CA_n26A-n78A
- No new harmonic MSD will be defined
- New PC2 IMD4 MSD should be defined
DC_3A_n78A
- No new harmonic MSD will be defined
- New PC2 harmonic mixing MSD and PC2 IMD2/4 MSD should be defined
DC_40A_n78A
- New PC2 harmonic mixing MSD should be defined
- New PC2 cross band isolation MSD should be defined

	R4-2301543
	vivo
	Observation 1: Many current RAN4 requirements for inter-band UL CA and EN-DC explicitly requires 1Tx antenna connector per carrier.
Observation 2: Current RAN5 test case procedures also aligned with RAN4, and requires 1Tx antenna connector per carrier for inter-band UL CA and EN-DC.
Observation 3: For 1Tx + 2Tx inter-band CA/DC, and the spec impact would not be limited to band/BC specific requirements.
Proposal 1: Confirm if new general (non-band/BC specific) requirements are needed for 1Tx + 2Tx Inter-band UL CA/EN-DC.
Proposal 2: If new general requirements identified，RAN4 need to discuss how to resolve this issue. RAN level guidance might be needed.
Proposal 3: For handheld UE, the specific study should be done after completing FWA work.
Proposal 4: The requirements study for handheld UE may need to consider other factors such as power supply/ consumption, thermal dissipation, SAR control etc.

	R4-2301719
	MediaTek
	Observation 1: The existing UE maximum output power requirements can be applicable for the FWA device supporting 3-Tx feature.
Observation 2: Existing requirements for TxD and UL MIMO for single carrier are applicable for the reported power class for the configuration
Observation 3: Modification on minimum output power, transmit signal quality and output RF spectrum emissions for inter-band CA requirements would be needed to accommodate 3-Tx configuration. These are summarized in Table 1.
	UE RF Requirements
	Applicability of existing requirements

	6.2A.1.3 UE maximum output power for Inter-band CA
	Yes

	6.2D Transmitter power for UL MIMO
	Yes

	6.2G Transmitter power for Tx Diversity
	Yes

	6.3A Output power dynamics for CA
	Modification needed

	6.3A.3.3.2 Time mask for switching between two uplink carriers
6.3A.3.3.3 Time mask for switching between two uplink carriers with two transmit antenna connectors
6.3A.3.3.4 Time mask for switching between one uplink band with one transmit antenna connector and one uplink band with two transmit antenna connectors
6.3A.3.3.5 Time mask for switching between two uplink bands with two transmit antenna connectors
	Not applicable

	6.4A Transmit signal quality for CA
	Modification needed

	6.5A Output RF spectrum emissions for CA
	Modification needed


Table 1. Overview on 38.101-1 spec changes needed for UE supporting 3-Tx
Observation 4: Study on MSD requirements due to more Tx chains would be needed
Proposal 1: New capability signaling for 3-Tx capable UE would be needed and Tx switching feature are not applicable for 3-Tx capable UE. Same restriction applies to its higher order combinations in current release. 

	R4-2302372
	Huawei, HiSilicon
	Observation 1: There is no mechanism to indicate FWA UE or handheld UE to the NW.
[bookmark: _Hlk127812595]Observation 2: Clause suffix H is specific for CA with UL MIMO and sub-clauses for intra-band CA + UL MIMO were introduced in Rel-17.
Observation 3: New BC power class PC1.5 is included in the WI objective.
Observation 4: Most UL inter-band CA/DC requirements are referring to the requirements for each operating band.
Observation 5: If higherPowerLimit is indicated by the UE, no combined power control is needed for the two supported bands, otherwise, the max output power for the band combination is bounded by per BC power class. For the case one of the bands is implemented by 2Tx, either MIMO or TxD, the existing power control mechanism and methodology of configured output power are still applicable. 
Observation 6: Due to the MPR difference for 2Tx and 1Tx as well as different interference path for IMD products, the MSD may be slightly different for 3Tx band combination in contrast to the existing value specified against 2Tx.
Observation 7: Note 1 in WID objective is ambiguous which could be interpreted that increase high power limit feature cannot be utilized for 3Tx band combination. 
Proposal 1: Whether to define specific requirements for handheld UE is out of the WI scope, but if handheld UE can meet the requirements targeted for FWA, there is no need to exclude the complied handheld UE to support 3Tx with two operating bands.
[bookmark: _Hlk127812570]Proposal 2: Sub-clauses for inter-band CA + UL MIMO requirements should be introduced in the specification during the study cause of this 3Tx WI.
Proposal 3: MOP tables for CA/DC should be updated for the new power class when band combination specific requirements are finished.
Proposal 4: Methodology of existing Tx requirements for UL inter-band CA/DC is also applicable for the 3Tx on two bands scenario. 
Proposal 5: Requirements completion of a specific band combination with 3Tx depends on whether band specific requirements are finished for the constituent bands in advance.
Proposal 6: It is proposed to evaluate whether existing MSD for 2 Tx is also applicable for 3Tx for the same band combination. No need to perform case by case study for such evaluation. 
Proposal 7: It is proposed to revise the WID and remove Note 1 from the objectives.



Open issues summary
Sub-topic 3-1 Tx requirements
Issue 3-1-1: Tx Requirement for 3Tx inter-band UL CA+UL MIMO
Moderator note: Options are not contradicting, multiple options can be chosen
· Proposals
· Option 1:  TxD or UL MIMO requirement (suffix D or G) should be referred for the band with 2Tx. [Samsung, OPPO, ZTE, Huawei]
· Option 2: Apply same Tx requirement updates for 3Tx with PC1.5 or PC2 total power class as long as the inter-band Tx requirements are defined as referring to single band requirements of each CC. [OPPO]
· Option 3: MOP tables for CA/DC should be updated for the new power class when band combination specific requirements are finished. [Huawei]
· Recommended WF
· Option 1, 2, 3

Sub-topic 3-2 Rx requirements
Issue 3-2-1: ΔTIB,c /ΔRIB,c for 3Tx with inter-band UL CA/EN-DC
· Proposals
· Option 1: The existing ΔTIB,c /ΔRIB,c requirements could be applied [ZTE]
· Recommended WF
· Option 1

Issue 3-2-2: 3Tx MSD framework for Harmonic, Rx harmonic mixing and cross band isolation
· Proposals
· Option 1: For harmonic/harmonic mixing/cross band isolation/IMD, evaluate the new MSD framework for 3Tx operation based on the selected example band combination, and define new MSD if needed. [Samsung]
· Option 2: For the band combination with a band supports UL MIMO in inter-band UL CA or inter-band EN-DC, the harmonic, Rx harmonic mixing and cross band isolation MSD should be re-evaluated in case of the aggressor NR UL band is changed to aggressor NR UL MIMO band. [ZTE]
· Option 3: For PC3 n71+ PC1.5 n41 with total power PC1.5, keep the harmonic MSD unchanged in the spec, and re-evaluate the IMD4 interference caused MSD. [OPPO]
· Option 4: For 3Tx with total power PC2 inter-band UL CA/EN-DC, there is no Rx requirements impact considering all the example band combinations are covered by current spec.
· Recommended WF
· Harmonic, Rx harmonic mixing and cross band isolation MSD might need to be re-evaluated based on the selected example band combination and UL MIMO status in the aggressor band.

Issue 3-2-3: 3Tx MSD framework for IMD
· Proposals
· Option 1: For PC1.5 UL CA/DC [Apple]
· When UL configuration is PC3 FDD + PC1.5 TDD, reuse the PC2 2UL IMD MSD test configuration (PC3 FDD+PC3 TDD) and requirements.
· When UL configuration is (PC2 FDD + PC2 FDD or TDD) and (PC2 FDD + PC1.5 TDD), new 2UL IMD MSD framework is to be discussed.
· Option 2: For FDD-TDD band combination with TDD band support UL MIMO/TxD in inter-band UL CA or EN-DC, the IMD MSD should be re-evaluated. [ZTE, Samsung]
· Recommended WF
· TBA

Issue 3-2-4: MSD re-evaluation of example band combinations
· Proposals
· Option 1: Evaluate whether existing MSD for 2 Tx is also applicable for 3Tx for the same band combination. No need to perform case by case study for such evaluation. [Huawei]
· Option 2: MSD evaluation for the bands in the WID is as below table [ZTE]
	Band combination in WID
	MSD evaluation status

	CA_n28A-n41A
	- No new MSD will be defined

	CA_n28A-n78A
	- No new harmonic MSD will be defined
- New PC2 IMD5 MSD and PC2 Receive harmonic mixing MSD should be defined

	CA_n8A-n78A
	- No new harmonic MSD will be defined
- New PC2 IMD4 MSD should be defined

	CA_n41A-n71A
	- No new harmonic MSD will be defined
- New PC2 IMD4 MSD should be defined

	CA_n41A-n77A
	- New PC2 harmonic mixing MSD should be defined
- New PC2 Cross band isolation MSD should be defined

	CA_n26A-n78A
	- No new harmonic MSD will be defined
- New PC2 IMD4 MSD should be defined

	DC_3A_n78A
	- No new harmonic MSD will be defined
- New PC2 harmonic mixing MSD and PC2 IMD2/4 MSD should be defined

	DC_40A_n78A
	- New PC2 harmonic mixing MSD should be defined
- New PC2 cross band isolation MSD should be defined



· Recommended WF
· Option 1 and 2 both can be considered in future evaluation

Issue 3-2-5: Differentiation of MSD requirement for 3Tx or for 2Tx
· Proposals
· Option 1: With the assumption that MSD value (framework) is different between 3Tx and 2Tx, note (or description) is needed to differentiate the case only 3Tx operation has been introduced for certain band combination for certain power class, but not 2Tx operation. [Samsung]
· Recommended WF
· Further discuss after the MSD for 3Tx requirement status is clear

Sub-topic 3-3 Spec change
Open issues and candidate options before meeting:
[bookmark: _Hlk127813063]Issue 3-3-1: How to specify 3Tx requirements with inter-band UL CA or ENDC+UL MIMO
· Proposals
· Option 1: New sub-clause for inter-band CA + UL MIMO for 38.101-1, e.g. Clause suffix H. [Huawei, Samsung, Xiaomi, Apple]
· Option 2: Add some clarifications in the current inter-band UL CA requirements. [OPPO]
· Option 3: FFS on how to introduce 3Tx for inter-band EN-DC + UL MIMO in 38.101-3. (Samsung)
· Recommended WF
· Introduce new sub-clause for inter-band CA + UL MIMO with clause suffix H for 38.101-1, FFS on how to introduce it for inter-band EN-DC + UL MIMO in 38.101-3.

Issue 3-3-2: Text proposal for inter-band UL CA+UL MIMO 
· Proposals
· Option 1: Example text in R4-2300360: New clause “6.2H.2 Transmitter power for inter-band UL CA with UL MIMO” to support the simultaneous 3Tx feature for inter-band UL CA. [Apple]
· Recommended WF
· Comment collection

Issue 3-3-3: Is it ok to remove PC4 from inter-band UL CA MOP table
· Proposals
· Option 1: Remove PC4 columns in Table 6.2A.1.3-1 to leave space for PC1.5 as PC4 has never been defined in RAN4 specifications. [Apple]
· Recommended WF
· Comment collection

Issue 3-3-4: How to enable 3Tx operation for inter-band UL CA or EN-DC+TxD
· Proposals
· Option 1: In terms of inter-band UL CA or EN-DC with TxD (3Tx in total), it is suggested to explicitly enable 3Tx operation for certain band combination for certain power class via adding new note to Table 6.2A.1.3-1 of 38.101-1 and Table 6.2B.1.3-1 for 38.101-3, as well as adding specific description for each relevant Tx/Rx requirement (into suffix A of 38.101-1 and suffix B of 38.101-3). (Samsung)
· Recommended WF
· Comment collection

Sub-topic 3-4 UE capability
Issue 3-4-1: whether a new UE capability for 3Tx transmission in 2 bands is needed
· Proposals
· Option 1: Yes [MTK]
· Option 2: No
· Recommended WF
· TBA

Issue 3-4-2: whether 3Tx capable UE can support Tx switching feature
· Proposals
· Option 1: Tx switching feature are not applicable for 3-Tx capable UE. Same restriction applies to its higher order combinations in current release. [MTK]
· Recommended WF
· TBA

Sub-topic 3-5 Handheld UE
Issue 3-5-1: Handheld UE with 3Tx
· Proposals 
· Option 1: Whether to define specific requirements for handheld UE is out of the WI scope, but if handheld UE can meet the requirements targeted for FWA, there is no need to exclude the complied handheld UE to support 3Tx with two operating bands. [Huawei]
· Option 2: For handheld UE, the specific study should be done after completing FWA work. The requirements study for handheld UE may need to consider other factors such as power supply/ consumption, thermal dissipation, SAR control etc. [vivo]
· Recommended WF
· TBA
Sub-topic 3-6 WID related
Issue 3-6-1: Handheld UE with 3Tx
· Proposals 
· Option 1: It is proposed to revise the WID and remove Note 1 “Increase UE power high limit feature is not included” from the objectives. [Huawei]
· Recommended WF
· TBA

Issue 3-6-2: Whether 2Tx with PC1.5 inter-band UL CA needs to be covered in this WI
· Proposals
· Option 1: Yes, introduce PC1.5 with (PC2 1Tx + PC2 1Tx) for UL CA_n41-n77A to set the foundation for PC1.5 with 3Tx. [Apple]
· Option 2: No (Current WID only includes PC3 FDD 1Tx + PC1.5 TDD 2Tx)
· Recommended WF
· TBA

Issue 3-6-3: RAN guidance for general requirements
· Proposals
· Option 1: Confirm if new general (non-band/BC specific) requirements are needed for 1Tx + 2Tx Inter-band UL CA/EN-DC. If new general requirements identified, RAN4 need to discuss how to resolve this issue. RAN level guidance might be needed. [vivo]
· Recommended WF
· TBA
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