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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). The discussions below will be split into five sections with each topic.
Topic #1: 4Rx_NR_bands_R18-Core
Topic #2: WID revison for 3T/4R WI
Topic #3: 4Rx at low frequency band (<1GHz)
Topic #4: Tx requirements for 3Tx inter-band UL CA/EN-DC
Topic #5: Rx requirements for 3Tx inter-band UL CA/EN-DC
Topic #1: 4Rx_NR_bands_R18-Core
Companies’ contributions summary
	T-doc number
	Company
	Comments
	Recommendation

	R4-2312485
	ZTE
	Revised WID: 4Rx support for NR FR1 bands (<2.6GHz) in Rel-18
Note: paper is reserved but not uploaded before meeting.
	

	R4-2312486
	ZTE
	CR to reflect the completed 4Rx support for NR FR1 bands (<2.6GHz) into TS 38.101-1
Note: paper is reserved but not uploaded before meeting.
	

	R4-2311924
	Samsung, TELUS, Bell Mobility
	draft CR to TS38.101-1[R18]_4Rx FWA for n13
	



Topic #2: WID revison for 3T/4R WI
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2311716
	Verizon, AT&T, Bell Mobility, TELUS, Samsung, Nokia, Ericsson, MediaTek, Skyworks
	Request for the item of “Low NR band 4Rx and 3Tx”

Observation:
The major North American operators’ PC1.5 requests have been seriously delayed in two years. And, some requests have been moved to Rel-19. 
Proposal:
To add follow two urgent PC1.5 items in to Rel-18 
1. DL_n25A-n77A/UL_n25A-n77A- PC3@n25 1Tx, PC1.5@n77 2Tx 	(Bell Mobility, TELUS)
2. DL_n5A-n77A/UL_n5A-n77A- PC3@n5A 1Tx, PC1.5@n77 2Tx 	(AT&T, Verizon)

	R4-2312768
	OPPO
	R18 3T4R example band combinations handling

Observation 1:  3T4R WI is a non-basket WI considering it includes the study parts like low band 4Rx feasibility, and the MSD framework of 3Tx band combinations, etc. though it has more example bands/band combinations than usual.
Observation 2:  RAN4 has spent efforts in completing all the 3Tx example band combinations in the WID, there is no need to remove any of them.
Observation 3:  Current WID only include one example band combination for PC1.5 3Tx which may not cover all the MSD types, and new example band combinations might be needed.
Observation 4:  To accommodate the new urgent demands on 3Tx band combinations, a new Rel-18 3Tx basket WI can be introduced in parallel with current 3T4R WI. Then it can save almost half year before introducing these new bands/band combinations to the spec.
Observation 5:  The new demands of 4Rx low bands can be covered by extending the below basket WI scope:
· Basket WI title: Rel-18 4Rx for NR bands for FWA (Fixed Wireless Access) UEs (<2.6GHz) and handheld UEs (1GHz to 2.6GHz)
Proposal 1:     RAN4 clarify that the 3T4R WI is a non-basket WI.

Proposal 2:     Agree on adding one/two new PC1.5 band combinations to the 3T4R WID to cover all the PC1.5 3Tx MSD types within RAN4 group.

Proposal 3:     Agree on the feasibility of introducing a new Rel-18 basket WI for 3Tx band combinations from RAN4 perspective.

Proposal 4:     Extending the below basket WI scope to cover the new demands of low band 4Rx.
· Basket WI title: Rel-18 4Rx for NR bands for FWA (Fixed Wireless Access) UEs (<2.6GHz) and handheld UEs (1GHz to 2.6GHz)

Proposal 5:     Sending LS to inform RAN about the conclusion reached in RAN4.

	R4-2312769
	OPPO
	WID revision: 4Rx handheld UE for low NR bands (<1GHz) and/or 3Tx for NR inter-band UL Carrier Aggregation (CA) and EN-DC

	R4-2312770
	OPPO
	Rel-18 new basket WI for 3Tx inter-band UL CA and EN-DC


Open issues summary
Sub-topic 2-1 New example band combination
Issue 2-1-1: 3T4R WI is a non-basket WI
· Proposal: RAN4 clarify that the 3T4R WI is a non-basket WI
· Recommended WF: Agree with the Proposal.

Issue 2-1-2: Add new example band combinations for PC1.5 3Tx
· Proposal1: Agree on adding one/two new PC1.5 band combinations to the 3T4R WID to cover all the PC1.5 3Tx MSD types within RAN4 group.
· Proposal2: To add follow two urgent PC1.5 items in to Rel-18 
	CA_n25A-n77A
	PC3@n25 1Tx, 
PC1.5@n77 2Tx
	Bell Mobility, TELUS

	CA_n5A-n77A
	PC3@n5A 1Tx, 
PC1.5@n77 2Tx
	AT&T, Verizon


	
· Recommended WF: Agree with the Proposals.

Sub-topic 2-2 Basket WI
Issue 2-2-1: Introduce a new basket WI for 3Tx band combinations
· Proposal: Agree on the feasibility of introducing a new Rel-18 basket WI for 3Tx band combinations from RAN4 perspective.
· To accommodate the new urgent demands on 3Tx band combinations, a new Rel-18 3Tx basket WI can be introduced in parallel with current 3T4R WI. Then it can save almost half year before introducing these new bands/band combinations to the spec.
· Recommended WF: Is the Proposal agreeable?


Issue 2-2-2: Basket WI for low band 4Rx handheld UE
· Proposal: Extend the below existing basket WI scope to cover the low band 4Rx.
· Basket WI title: Rel-18 4Rx for NR bands for FWA (Fixed Wireless Access) UEs (<2.6GHz) and handheld UEs (1GHz to 2.6GHz)
· Recommended WF: 
· Agree with the Proposal
· Allocate a new Tdoc for LS to RAN.

Sub-topic 2-3 LS to RAN
Issue 2-3-1: Is it ok to send LS to RAN about the 3T4R conclusions reached in RAN4 to complete the RAN task
· Proposal: Yes, inform RAN about RAN4 conclusions.
· Recommended WF: Agree with the Proposal

Sub-topic 2-4 Revised WIDs and new basket WID
	T-doc
	Company
	Comment collection

	R4-2312769
	OPPO
	WID revision: 4Rx handheld UE for low NR bands (<1GHz) and/or 3Tx for NR inter-band UL Carrier Aggregation (CA) and EN-DC

	
	
	Comments: 

	R4-2312770
	OPPO
	Rel-18 new basket WI for 3Tx inter-band UL CA and EN-DC

	
	
	Comments: 



Topic #3: 4Rx at low frequency band (<1GHz)
Companies’ contributions summary
	T-doc
	Company
	Proposals / Observations

	R4-2311086
	Spreadtrum
	Discussion on 4RX at low frequency band for handheld UE
Proposal 1: Considering the frequency range, we think that n20, n26 should be added to the table. 
Proposal 2: We could take the value of ΔRIB,4R is -2.5dB into account. 

	R4-2311736
	Huawei
	4Rx Remaining Discussions
Proposal 1: ΔRIB,4R = -2.2dB for handheld UEs 
Proposal 2: Update the NOTE 1 in Table 7.3.2-2 in TS 38.101-1 as shown in italic:
“NOTE 1:4Rx operation is targeted for FWA form factor, and for handheld UE ΔRIB,4R = TBD is applied”

	R4-2311921
	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.
Proposal 2: Further discuss the note for handheld UE low band 4Rx.

	R4-2312462
	ZTE
	Requirements for 4Rx low band (<1GHz) for handheld UE
Proposal 1: -2.7dB could be reused for NR sub-1GHz bands supporting 4Rx antennas for handheld UE(i.e. ΔRIB,4R requirement).
Observation. Currently, the requested sub-1GHz bands supports 4Rx in the two separated WIDs are different which imply the sub-1GHz band may only be for handheld UE.
[bookmark: OLE_LINK34]Proposal 2: To discuss whether to specific ‘4 Rx operation is targeted for handheld UE’ for band(s) in the (new) NOTE in the Table 7.3.2-2.

	R4-2312555
	vivo
	Discussion on requirements for 4Rx at low frequency band
Proposal 1: List the requirements for handheld low band 4Rx somewhat in parallel with FWA in the table, and not in the form of a note.
Proposal 2: The requirements of delta RIB,4R can be acceptable as long as in the range of [-2.7dB, -2.2dB].

	R4-2312771
	OPPO
	R18 low band 4Rx
Observation 1:   No matter -2.7dB or -2.2dB there are concerns from some companies. And choosing one value in the middle might be the compromise.

Proposal 1:   	ΔRIB,4R is defined as -2.4dB for of handheld UE in low bands.

Observation 2:   The operating bands for FWA are not exactly same as handheld UE, there are some bands only apply to FWA while some bands only apply to handheld UE.

Observation 3:   Define ΔRIB,4R handheld UE in a separate row is a more clean solution comparing to mixing FWA bands and handheld UE bands together.

Proposal 2:   	Define ΔRIB,4R for low band handheld UE as below
[image: ]
Proposal 3:   	Consider below wording to reflect the 4Rx implementation difficulties for handheld UE
· For operating band frequency range ≤ 1 GHz, the 4Rx operation is primarily for FWA form factor, and when 4Rx operation is supported by handheld UE, ∆RIB,4R as indicated in Table 7.3.2-2 NOTE 2 is applied.

	R4-2312772
	OPPO
	R18 38101-1 CR for low band 4Rx

	R4-2312895
	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.
Proposal 1: Regarding the delta RIB,4R requirement, some relaxation is preferred compared with FWA form factor, if -2.2 dB could not be agreed, the middle value -2.5dB is acceptable.

	R4-2313185
	Sony
	Views on 4Rx handheld UE for low NR bands
Observation 1	TRP/TRS performance of 4RX/3TX is expected to be more degraded for the below-1GHz-operation compared to operation at higher frequencies.
Proposal 1	ΔRIB,4R = -2.2dB for the bands in Table 4.1-1 in the WID.

	R4-2313498
	Google
	Discussion on enhancement for 4Rx at low frequency band
Proposal 1: Considering very high implementation complexity for the handheld UE equipped with LB 4Rx, it is proposed to define ΔRIB,4R = -2.2.
Proposal 2: Update ΔRIB,4R for the handheld UE as the following table.
[image: ]

	R4-2313632
	[bookmark: _Hlk143023448]China Unicom
	Discussions on 4Rx at low frequency band (<1GHz)
Proposal 1:  From network performance perspective, it is preferable to keep the same requirement for 4Rx FWA and handheld UE.
[bookmark: _Hlk143023435]Proposal 2: To remove ‘Note 1’ if same set of requirements are applied for 4Rx handheld UE and FWA.

	R4-2313827
	[bookmark: _Hlk143023550]Ericsson
	On REFSENS requirement 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. 



Open issues summary
Sub-topic 3-1 ΔRIB,4R
Issue 3-1-1: Value of ΔRIB,4R
· Proposals
· -2.2dB (Google, Sony, Xiaomi, Samsung, Huawei)
· -2.7dB (Ericsson, China Unicom, ZTE)
· Value between -2.2 and -2.7, e.g. -2.4/-2.5dB (Xiaomi, OPPO, vivo, Spreadtrum)
· Recommended WF
· -2.4dB?

Issue 3-1-2: How to introduce ΔRIB,4R
· Proposals
· Option 1: Update the NOTE 1 in Table 7.3.2-2 in TS 38.101-1 (Huawei)
· NOTE 1:4Rx operation is targeted for FWA form factor, and for handheld UE ΔRIB,4R = TBD is applied
· Option 2: New row and new note for the handheld low band 4Rx (vivo, OPPO, ZTE)
[image: ]
· Option 3: Same row and new note for the handheld low band 4Rx (Google)
[image: ]
· Option 4: Remove ‘Note 1’ if same set of requirements are applied for 4Rx handheld UE and FWA (China Unicom, Ericsson)

Moderator note: The bands in the WID is different from the FWA bands with 4Rx in current spec, so may not be able to put in a same row.
· Recommended WF:
· If same delta Rib is agreed, then Option 4, otherwise, Option 2


Issue 3-1-3: To reflect the 4Rx implementation difficulties for handheld UE
· Proposal: Consider below wording to reflect the 4Rx implementation difficulties for handheld UE
· “For operating band frequency range ≤ 1 GHz, the 4Rx operation is primarily for FWA form factor, and when 4Rx operation is supported by handheld UE, ∆RIB,4R as indicated in Table 7.3.2-2 NOTE 2 is applied.”
· Recommended WF


Sub-topic 3-2 CR
	T-doc
	Company
	Comment collection

	R4-2312772
	OPPO
	R18 38101-1 CR for low band 4Rx
Comments:



Topic #4: Tx requirements for 3Tx inter-band UL CA/EN-DC
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2311253
	Apple
	Draft CR for TS 38.101-1: Introduction of inter-band UL CA with UL MIMO

	R4-2311922
	Samsung, KT
	Views on Tx requirements for band combinations with 3Tx
Proposal 1: For PC1.5, it is suggested to adopt below methodology to calculate the averaged percentage of UL symbols in terms of PC3 (1Tx)+PC1.5(2Tx) scenario (The sentence marked in yellow is new added compared to the WF of last meeting). 
Proposal 2: It is agreeable to us “The general requirements for 3Tx inter-band UL CA + TxD are captured in current inter-band UL CA sections in clause 6 and 7”, which means no new dedicate clauses added for inter band ULCA+TxD.
Proposal 3: Some modified notes and new notes for configuration tables are proposed above to illustrate how to accommodate 3Tx new feature into spec. 
Observation 1: Errors are identified for PC2 ΔPPowerClass,CA for inter-band ULCA in current NR spec(since Rel-17), correction CR is provided as R4-2311938 again 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. 

	R4-2312249
	Huawei, HiSilicon
	Discussion on new TxD UE capability for 3T inter-band CA/DC
Observation 1: The TxD capability introduced from Rel-16 is per band indicated, which is not applicable for the case for the 3Tx inter-band scenario.
Proposal 1: A new per FS TxD capability should be introduced for inter-band combination CA/DC with more than 2Tx.
Proposal 2: It is proposed to introduce the new per FS TxD capability from Rel-16.
Proposal 3: An LS should be sent to RAN2 to introduce a per FS TxD capability.

	R4-2312274
	LG Electronics
	UE Tx requirement for inter-band CA PC1.5 and EN-DC PC1.5 with 3Tx
Proposal 1: 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%.

	R4-2312456
	ZTE
	Tx requirements for 3Tx for band combinations within two bands
Where to capture 3Tx with UL NR CA+TxD
[bookmark: OLE_LINK7]Proposal 1. Option 1: new sections for inter-band UL CA + TxD
NOTEs for Configuration table
Proposal 2: To endorsed the draft CR [3][4]

	R4-2312457
	ZTE
	draft CR to TS38.101-1[R18]: Introduction of inter-band UL CA with UL MIMO and TxD(General)

	R4-2312458
	ZTE
	draft CR to TS38.101-3[R18]: Introduction of inter-band UL CA with UL MIMO and TxD(General)

	R4-2312556
	vivo
	Tx Requirements of 3Tx for band combinations with two bands
Observation 1: The use case for maxUplinkDutyCycle-PC1dot5-MPE-FR1 and maxUplinkDutyCycle-PC2-FR1 IE are duplicated and there is no need for them to be used together.
Proposal 1: The SAR solution do not consider the case that both maxUplinkDutyCycle-PC1dot5-MPE-FR1 and maxUplinkDutyCycle-PC2-FR1 are not absent. 
An example can be as following:
The following proposal can be considered.
–    if power class of one band within the band combination is power class 1.5 
–    if the corresponding UE capability maxUplinkDutyCycle-PC2-FR1 and maxUplinkDutyCycle-PC1dot5-MPE-FR1 are both absent;
–    the corresponding maxDutyNR,x or maxDutyNR,y is equal to 25%;
–    if one of maxUplinkDutyCycle-PC2-FR1 and maxUplinkDutyCycle-PC1dot5-MPE-FR1 is reported;
     		 –  the corresponding maxDutyNR,x or maxDutyNR,y is equal to0.5maxUplinkDutyCycle-PC2-FR1 or maxUplinkDutyCycle-PC1dot5-MPE-FR1
Proposal 2: Add dedicated sections and define specific MOP tables for inter-band UL CA + TxD case

	R4-2312773
	OPPO
	R18 Tx requirement for 3Tx inter-band combinations
Observation 1:   Inter-band UL CA+TxD requirement 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 introduced with new sections, or incorporated within general sections
Proposal 1:         Introduce new sections for inter-band UL CA+TxD in the spec for clarity.

Observation 3:   Both 0.5*maxUplinkDutyCycle-PC2-FR1 and maxUplinkDutyCycle-PC1dot5-MPE-FR1 can be applied to PC1.5 FWA and handheld UE. When both IEs are reported, the smaller one will be applied.
Proposal 2:         The averaged duty cycle can be defined as 50% * (DutyNR,x / maxDutyNR,x + DutyNR,y / maxDutyNR,y), where 
· maxDutyNR,x is 100% for PC3
· maxDutyNR,y is the smaller of maxUplinkDutyCycle-PC1dot5-MPE-FR1 and 0.5*maxUplinkDutyCycle-PC2-FR1 

	R4-2312774
	OPPO
	R18 38101-1 CR for 3Tx inter-band CA

	R4-2312776
	OPPO
	R18 38101-3 CR for 3Tx inter-band ENDC

	R4-2312893
	Xiaomi
	Discussion on Tx requirement for 3Tx for inter-band UL CA and EN-DC
Proposal 1: For the calculation of average percentage of uplink symbols for PC1.5, it is proposed the current calculations defined in the spec with small changes as below could be used.
[image: ]

Proposal 2: Regarding how to capture 3Tx with UL CA+TxD, adopting the same way as CA+UL MIMO is our preference (i.e. option 3 is our preference)



Open issues summary
Sub-topic 4-1 SAR
Issue 4-1-1: Which duty cycle IE (0.5*maxUplinkDutyCycle-PC2-FR1 and maxUplinkDutyCycle-PC1dot5-MPE-FR1) is applied to PC1.5 band
· Proposals
· Option 1: The SAR solution do not consider the case that both maxUplinkDutyCycle-PC1dot5-MPE-FR1 and maxUplinkDutyCycle-PC2-FR1 are present. (vivo)
· Option 2: Both 0.5*maxUplinkDutyCycle-PC2-FR1 and maxUplinkDutyCycle-PC1dot5-MPE-FR1 can be applied to PC1.5 FWA and handheld UE. When both IEs are reported, the smaller one will be applied. (OPPO)
· Option 3: if one or both of the bands within the band combination is power class 1.5 and the UE capability maxUplinkDutyCycle-PC1dot5-MPE-FR1-r1 is absent, the corresponding maxDutyNR,x or maxDutyNR,y is equal to 25%; (LGE)
· Recommended WF
· Both 0.5*maxUplinkDutyCycle-PC2-FR1 and maxUplinkDutyCycle-PC1dot5-MPE-FR1 can be applied to PC1.5 UE. 
· When both IEs are reported, the smaller one will be applied.
· When only one IE is reported, it will be applied.
· When both IE are absent, 25% will be applied.

Moderator note:
In 38.306 it is clear that both IE is applicable to PC1.5 UE and no restriction to the UE type. And only when bot h IE are absent, the default value 25% is applied for PC1.5.
[image: ][image: ]


Issue 4-1-2: Averaged percentage of UL symbols in PC3+PC1.5
· Proposals
· Option 1: Same as the WF of last meeting (OPPO)
[image: ]
· Option 2: Add the case when both IE are absent compared to the WF of last meeting (Samsung, KT)
· Option 3: Clarify when the maxUplinkDutyCycle-PC1dot5-MPE-FR1 IE is absent then 25% is applied and no consider 0.5*maxUplinkDutyCycle-PC2-FR1 IE (LGE, Xiaomi)
· Option 4: Update the SAR solution without considering the case both IE are reported. (vivo)

· Recommended WF
· Follow conclusion in Issue 4-1-1 and update the solution in CR directly.

Sub-topic 4-2 UL CA+TxD
[bookmark: _Hlk132132848][bookmark: _Hlk127813063][bookmark: _Hlk143025014]Issue 4-2-1: Where to capture 3Tx with UL CA+TxD
· Proposals
· Option 1: It is agreeable to us “The general requirements for 3Tx inter-band UL CA + TxD are captured in current inter-band UL CA sections in clause 6 and 7”, which means no new dedicate clauses added for inter band ULCA+TxD. (Samsung, KT)
· Option 2: new sections for inter-band UL CA + TxD (ZTE, OPPO, vivo)
· Option 3: adopting the same way as CA+UL MIMO is our preference, i.e. in inter-band UL CA +MIMO sections (Xiaomi)
· Recommended WF
· Option 2

Sub-topic 4-3 Configuration table update
Issue 4-3-1: How to indicate the 3Tx band combinations in the CA configuration tables
· Proposals
· Option 1: Some modified notes and new notes for configuration tables are proposed to illustrate how to accommodate 3Tx new feature into spec (Samsung, KT)
	To be more specific, the new “Notes” for the configuration tables specifically for 3Tx probably could be something like for example: (please note that the notes below are drafted according to current WI scope)
· Note X: Power class 2 is allowed for this uplink configuration with 3Tx concurrent transmission with single carrier for each individual band and a composite of supporting PC3 for an NR TDD or FDD band and PC2 or PC3 for a second NR TDD band with UL MIMO 
· Note Y:  Power class 2 is allowed for this uplink configuration with 3Tx concurrent transmission with single carrier for each individual band and a composite of supporting PC3 for an NR TDD or FDD band and PC2 for a second NR TDD band with TxD 
· Note Z: Power class 1.5 is allowed for this uplink configuration with 3Tx concurrent transmission with single carrier for each individual band and a composite of supporting PC3 for an NR FDD band and PC1.5 for a second NR TDD band with UL MIMO or TxD
Furthermore, the existing HPUE notes for 2Tx need to be modified, take Note 8 and Note 9 of Table 5.5A.3-1 as example:
· NOTE 8:	Power Class 2 is allowed for this uplink combination or single uplink carrier in this downlink/uplink combination with up to 2Tx
· NOTE 9:	Power Class 1.5 is allowed for this uplink combination or single uplink carrier in this downlink/uplink combination with up to 2Tx



· Option 2: NOTEs for Configuration table (ZTE)
[image: ]
· Option 3:  NOTEs for Configuration table (OPPO)
[image: ]
· Recommended WF
· For the new NOTEs use Option 2
· For the existing NOTEs update use Option 1

Sub-topic 4-4 new per FS TxD capability
Issue 4-4-1: Introduce new per FS TxD capability
· Proposals (R4-2312249)
· [bookmark: _Hlk143025360]Proposal 1: A new per FS TxD capability should be introduced for inter-band combination CA/DC with more than 2Tx.
· The TxD capability introduced from Rel-16 is per band indicated, which is not applicable for the case for the 3Tx inter-band scenario.
· Proposal 2: It is proposed to introduce the new per FS TxD capability from Rel-16.
· Proposal 3: A LS should be sent to RAN2 to introduce a per FS TxD capability.
· Recommended WF
· Agree with proposals?

Sub-topic 4-5 CR
	T-doc
	Company
	Comment collection

	R4-2311253
	Apple
	Draft CR for TS 38.101-1: Introduction of inter-band UL CA with UL MIMO

	R4-2312457
	ZTE
	draft CR to TS38.101-1[R18]: Introduction of inter-band UL CA with UL MIMO and TxD(General)

	R4-2312458
	ZTE
	draft CR to TS38.101-3[R18]: Introduction of inter-band UL CA with UL MIMO and TxD(General)

	R4-2312774
	OPPO
	R18 38101-1 CR for 3Tx inter-band CA

	R4-2312776
	OPPO
	R18 38101-3 CR for 3Tx inter-band ENDC




Topic #5: Rx requirements for 3Tx inter-band UL CA/EN-DC
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2311254
	Apple
	On handling Rx requirements for inter-band UL CA/DC with 3Tx
Proposal: RAN4 to consider the following approaches on handling Rx requirements for inter-band UL CA/DC with 3Tx in technical specifications:
Option 1: Do nothing (no need to explicitly indicate Rx requirements dependency on 1Tx or 2Tx UL aggressor configuration)
Option 2: Add an additional MSD table for the band combinations where the aggressor UL under PC3 or PC2 is configured with 2Tx for either UL MIMO or Tx diversity operation.
Option 3: Only add a text in subclause “7.3A.2.3 Reference sensitivity power level for Inter-band CA” to clarify that “the same requirements for REFSENS exceptions apply for UL aggressor configured with either 1Tx or 2Tx for UL MIMO or Tx diversity operation.

	R4-2311255
	Apple
	Draft CR for TS 38.101-1 on introducing Rx requirements for inter-band UL CA with 3Tx

	R4-2311735
	Huawei
	3Tx MSD Analysis for CA_n41A-n71A
Observation: As the interference from the Tx PA on the diversity path is low, the 2Tx per band can be simplified to 1Tx per band.
Proposal 1: For MSD test configuration, option 1 is chosen, as it can reach to PC1.5 UE power level by 2Tx on n41. 
Proposal 2: Based on the above analysis the following MSD test point is proposed:
	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

	NR CA band combination
	NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL 
CLRB
	DL Fc (MHz)
	MSD 
(dB)
	Duplex mode
	

	CA_n41-n71
	n41
	2614
	5
	25
	2614
	N/A
	TDD
	N/A

	
	n71
	665
	5
	25
	619
	28.7
	FDD
	IMD4




	R4-2311923
	Samsung
	Views on Rx requirements for band combinations with 3Tx
Observation 1: For simplicity, 2Tx framework could be used to perform the new MSD evaluation which is also applicable for 3Tx. 
Observation 2: For simplicity, (2Tx framework) 23+27.8 PA configuration may could be adopted as PC1.5 IMD test configuration, with which separate PC1.5 IMD tables for PC3+PC1.5(3Tx, PC1.5 in total) and PC2+PC2(2Tx or 3Tx, PC1.5 in total, Rel-19) are expected.

	R4-2312459
	ZTE
	draft CR to TS38.101-1[R18]: Introduction of inter-band UL CA with UL MIMO and TxD(Rx part)

	R4-2312775
	OPPO
	R18 3T4R MSD analysis
PC2 MSD with 3Tx
Observation 1:  It was agreed that MSD for even order harmonic mixing doesn’t need to be defined, and this can also be followed in 3Tx band combinations.
Proposal 1:     MSD for below PC2 band combinations can be considered complete by reusing the 2Tx MSD
· CA_n28A-n41A, CA_n28A-n78A, CA_n8A-n78A, CA_n71A-n41A, CA_n41A-n77A, and DC_3A_n78A.
Observation 2:  PC2 is not defined for 2Tx CA_n26A-n78A in current spec, and 3Tx MSD need to be calculated.
Proposal 2:     The IMD4 MSD for 3Tx CA_n26A-n78A with PC2 total power class is defined as below:

	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

	NR CA band combination
	NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL 
CLRB
	DL Fc (MHz)
	MSD 
(dB)
	Duplex mode
	

	CA_n26-n78
	n26
	836.5
	5
	25
	881.5
	25
	FDD
	IMD4

	
	n78
	3391
	10
	50
	3391
	N/A
	TDD
	N/A



Observation 3:  The harmonic mixing scenario for DC_40A_n78A is similar as CA_n40-n77 and the MSD can be reused.
Proposal 3:     The harmonic mixing MSD for 3Tx DC_40A_n78A with PC2 total power class is defined as below:

	E-UTRA or NR Band / Channel bandwidth of the affected DL band / MSD

	UL band
	DL band
	5
MHz
(dB)
	10 MHz
(dB)
	15 MHz
(dB)
	20 MHz
(dB)
	25 MHz
(dB)
	40 MHz
(dB)
	50 MHz
(dB)
	60 MHz
(dB)
	80 MHz
(dB)
	90 MHz
(dB)
	100 MHz
(dB)

	n78
	40
	16.2
	13.2
	11.4
	10.2
	
	
	
	
	
	
	




Proposal 4:     The 3Tx MSD of PC2 cross-band leakage from n78 to b40 is defined as below.

	UL band
	DL band
	UL Fc
	UL BW
	SCS of UL band
	UL RB Allocation
	DL Fc
	DL BW
	MSD
	Cross-band
Interference
source

	
	
	(MHz)
	(MHz)
	(kHz)
	LCRB
	(MHz)
	(MHz)
	(dB)
	

	n78
	n401
	3350
	100
	30
	270 (RBstart=0)
	2397.5
	5
	7
	>ACLR2

	n78
	n401
	3350
	100
	30
	270 (RBstart=0)
	2350
	100
	6.6
	>ACLR2



PC1.5 MSD with 3Tx
Observation 4:  The MSD type to be considered in CA_n71A-n41A of PC1.5 is IMD4.
Observation 5:  Even consider Rel-19 possible power configurations of PC1.5 3Tx, only PC3+PC1.5 = total PC1.5 has the situation of one band max power is not an integer. And the power configuration of 23+27.8 doesn’t cause difficulty in MSD calculation or power setting in tests.
Proposal 5:     The power settings for 3Tx IMD of PC3+PC1.5 is as below:

	PC3 band
	PC1.5 band

	23 dBm
	27.8 dBm



Proposal 6:     The 3Tx MSD of CA_n71A-n41A IMD4 can be defined as below:

	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

	NR CA
Configuration
	NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL 
CLRB
	DL Fc (MHz)
	MSD 
(dB)
	Duplex mode
	

	CA_n41-n71x
	n41
	2614
	5
	25
	2614
	N/A
	TDD
	N/A

	
	n71
	665
	5
	25
	619
	20.4
	FDD
	IMD4

	NOTE x:	The transmitter shall be set at min (+23 dBm, PCMAX_L,f,c) of the band with 1Tx, and set at min (+27.8 dBm, PCMAX_L,f,c) of the band with 2Tx as defined in clause 6.2A.4



Observation 6:  The 2nd order harmonic mixing MSD for CA_n25A-n77A PC1.5 with 3Tx is similar as that for 2Tx PC1.5 requirement in current spec.
Observation 7:  The conclusion of use same MSD for the band combination with either 1Tx or 2Tx in TDD aggressor band UL with same power class was mainly based on 2Tx, however, it can also be applicable to 3Tx band combination.
Proposal 7:     Confirm that the conclusion of “use same MSD for the band combination with either 1Tx or 2Tx in TDD aggressor band UL with same power class for harmonic mixing” is also applicable to 3Tx with PC1.5 band combination.

Proposal 8:     The MSD of IMD2 is 35.4dB and IMD4 is 19.4dB for CA_n25A-n77A (CA_n2A-n77A) with 3Tx PC1.5.

Observation 8:  The cross-band leakage MSD for CA_n25A-n77A PC1.5 with 3Tx is similar as that for 2Tx PC1.5 requirement in current spec.
Proposal 9:     Confirm that the conclusion of “use same MSD for the band combination with either 1Tx or 2Tx in TDD aggressor band UL with same power class for cross-band leakage” is also applicable to 3Tx with PC1.5 band combination.

Proposal 10:     The MSD of IMD4 is 21.3dB for CA_n5A -n77A with 3Tx PC1.5.

	R4-2312776
	OPPO
	R18 38101-3 CR for 3Tx inter-band ENDC

	R4-2312894
	Xiaomi
	Discussion on Rx requirement for 3Tx for inter-band UL CA and EN-DC
PC2 inter-band CA or EN-DC
Observation 1: 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. 
PC1.5 inter-band CA or EN-DC
Proposal 1: 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 2: 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 3: 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 2: Either 23dBm+23dBm or 23 dBm +26 dBm could be as power set for deriving MSD requirement due to IMD, and 23 dBm +26 dBm could be preferred. If the power configuration 23dBm+26 dBm is selected, the power set for each band could be set min (+26dBm, PCMAX_L,f,c).



Open issues summary
Sub-topic 5-1 General principle for MSD
Issue 5-1-1: PC1.5 Tx power configuration for IMD
· Proposals
· Option 1: 23+26 (Huawei, Xiaomi)
· Option 2: 23+27.8 (Samsung, OPPO)
· Recommended WF
· Agree with 23+27.8 to achieve the MOP?

Issue 5-1-2: PC1.5 Tx power configuration for harmonic, harmonic mixing and cross band isolation
· Proposals
· Option 1: PC1.5 for aggressor band should be considered. (Xiaomi)
· Recommended WF
· Agree with Option1.

Issue 5-1-3: Reuse PC1.5 2Tx harmonic mixing and cross band leakage MSD for 3Tx
· Proposals: 
· Confirm that the conclusion of “use same MSD for the band combination with either 1Tx or 2Tx in TDD aggressor band UL with same power class for harmonic mixing and cross-band leakage” is also applicable to 3Tx with PC1.5 band combination. (OPPO)
· Recommended WF
· Agree with proposal.

Issue 5-1-4: How to introduce MSD requirements for 3Tx
· Proposals
· RAN4 to consider the following approaches on handling Rx requirements for inter-band UL CA/DC with 3Tx in technical specifications: (Apple)
· Option 1: Do nothing (no need to explicitly indicate Rx requirements dependency on 1Tx or 2Tx UL aggressor configuration)
· Option 2: Add an additional MSD table for the band combinations where the aggressor UL under PC3 or PC2 is configured with 2Tx for either UL MIMO or Tx diversity operation.
· Option 3: Only add a text in subclause “7.3A.2.3 Reference sensitivity power level for Inter-band CA” to clarify that “the same requirements for REFSENS exceptions apply for UL aggressor configured with either 1Tx or 2Tx for UL MIMO or Tx diversity operation.
· Recommended WF
· Option 2 (add an additional MSD table) for PC1.5 band combinations with 3Tx when there is no corresponding 2Tx band combinations in current spec
· Option 3 (add clarification texts in subclause 7.3A.2.3) for PC1.5 band combinations with 3Tx when there is corresponding 2Tx band combinations in current spec

Sub-topic 5-2 Band combination status
Issue 5-2-1: Completed band combinations
· Proposals
· Option 1: MSD for below PC2 band combinations can be considered complete by reusing the 2Tx MSD (OPPO)
· CA_n28A-n41A, CA_n28A-n78A, CA_n8A-n78A, CA_n71A-n41A, CA_n41A-n77A, and DC_3A_n78A
· Option 2: PC2 IMD5 should be re-evaluated for CA_n28A-n78A since there is no CA MSD defined but has ENDC MSD defined in the spec. (Xiaomi)
· Recommended WF
· CA_n28A-n41A, CA_n8A-n78A, CA_n71A-n41A, CA_n41A-n77A, and DC_3A_n78A are complete for 3Tx WI
· CA_n28A-n78A can be completed by reusing the DC_28A-n78A with 2Tx PC2 IMD5 MSD.

Issue 5-2-2: PC2 Band combinations needs MSD studies
· Proposals
· The PC2 band combinations in the WID which needs MSD studies are as below (OPPO)
	Band comb
	3Tx MSD

	CA_n26A-n78A
	· FFS: 2Tx PC2 IMD4 MSD was not defined in spec
· Keep as not defined: 2Tx PC2 harmonic mixing 4th order MSD

	DC_40A_n78A
	· FFS: 2Tx PC2 harmonic mixing 3rd order MSD was not defined in spec 
· FFS: 2Tx PC2 cross band leakage MSD was not defined in spec



· Recommended WF
· No agreement is needed, just information sharing.

Issue 5-2-3: PC1.5 Band combinations needs MSD studies
· Proposals
· The PC1.5 band combinations in the WID which needs MSD studies are as below (OPPO)
	Band combination
	MSD staus

	CA_n71A-n41A
	· Reuse: 2Tx PC3 MSD for n71 harmonic 4th order interfere n41 is defined in the spec, and can be reused to 3Tx
· Keep as not defined: PC2 2Tx harmonic mixing 4th order MSD
· FFS: 3T PC1.5 IMD4



· Recommended WF
· No agreement is needed, just information sharing.

Issue 5-2-4: New PC1.5 Band combinations needs MSD studies
· Proposals
· If below new band combinations are introduced for PC1.5, the below MSDs needs to be studied (OPPO)
	Band combination
	MSD staus

	CA_n25A -n77A
(CA_n2A -n77A)
	· n25 UL harmonic 2 with PC3
· FFS: 3T PC1.5 harmonic mixing 2nd order
· FFS: 3T PC1.5 IMD2/4
· FFS: 3T PC1.5 cross band isolation

	CA_n5A -n77A
	· n5 UL harmonic 4/5 with PC3
· Keep as not defined: 3T PC1.5 harmonic mixing 4th order
· FFS: 3T PC1.5 IMD4



· Recommended WF
· No agreement is needed, just information sharing.

Sub-topic 5-3 PC2 CA_n26A-n78A
Issue 5-3-1: CA_n26A-n78A PC2 IMD4 with 3Tx and 2Tx
· Proposals
· Option 1: as below (OPPO)
	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

	NR CA band combination
	NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL 
CLRB
	DL Fc (MHz)
	MSD 
(dB)
	Duplex mode
	

	CA_n26-n78
	n26
	836.5
	5
	25
	881.5
	25
	FDD
	IMD4

	
	n78
	3391
	10
	50
	3391
	N/A
	TDD
	N/A



· Recommended WF
· Agree with Option 1.

Sub-topic 5-4 PC2 DC_40A_n78A
Issue 5-4-1: DC_40A_n78A PC2 harmonic mixing 3Tx and 2Tx
· Proposals
· Option 1: as below (OPPO)
	E-UTRA or NR Band / Channel bandwidth of the affected DL band / MSD

	UL band
	DL band
	5
MHz
(dB)
	10 MHz
(dB)
	15 MHz
(dB)
	20 MHz
(dB)
	25 MHz
(dB)
	40 MHz
(dB)
	50 MHz
(dB)
	60 MHz
(dB)
	80 MHz
(dB)
	90 MHz
(dB)
	100 MHz
(dB)

	n78
	40
	16.2
	13.2
	11.4
	10.2
	
	
	
	
	
	
	



· Recommended WF
· Agree with Option 1.

Issue 5-4-2: DC_40A_n78A PC2 cross-band leakage from n78 to b40 with 3Tx and 2Tx
· Proposals
· Option 1: as below (OPPO)
	UL band
	DL band
	UL Fc
	UL BW
	SCS of UL band
	UL RB Allocation
	DL Fc
	DL BW
	MSD
	Cross-band
Interference
source

	
	
	(MHz)
	(MHz)
	(kHz)
	LCRB
	(MHz)
	(MHz)
	(dB)
	

	n78
	n401
	3350
	100
	30
	270 (RBstart=0)
	2397.5
	5
	7
	>ACLR2

	n78
	n401
	3350
	100
	30
	270 (RBstart=0)
	2350
	100
	6.6
	>ACLR2



· Recommended WF
· Agree with Option 1.

Sub-topic 5-5 PC1.5 CA_n41-n71
Issue 5-5-1: CA_n41-n71 PC1.5 IMD4
· Proposals
· Option 1: as below (Huawei)
	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

	NR CA band combination
	NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL 
CLRB
	DL Fc (MHz)
	MSD 
(dB)
	Duplex mode
	

	[bookmark: _Hlk143072568]CA_n41-n71
	n41
	2614
	5
	25
	2614
	N/A
	TDD
	N/A

	
	n71
	665
	5
	25
	619
	28.7
	FDD
	IMD4



· Option 2: as below (OPPO)
	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

	NR CA
Configuration
	NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL 
CLRB
	DL Fc (MHz)
	MSD 
(dB)
	Duplex mode
	

	CA_n41-n71x
	n41
	2614
	5
	25
	2614
	N/A
	TDD
	N/A

	
	n71
	665
	5
	25
	619
	20.4
	FDD
	IMD4

	NOTE x:	The transmitter shall be set at min (+23 dBm, PCMAX_L,f,c) of the band with 1Tx, and set at min (+27.8 dBm, PCMAX_L,f,c) of the band with 2Tx as defined in clause 6.2A.4



· Recommended WF
· Averaged value 24.5dB with 23+27.8 power configuration?

Sub-topic 5-6 PC1.5 CA_n25A-n77A (CA_n2A-n77A)
Issue 5-6-1: CA_n25A-n77A (CA_n2A-n77A) PC1.5 IMD2/4
· Proposals
· Option 1: The MSD of IMD2 is 35.4dB and IMD4 is 19.4dB for CA_n25A-n77A (CA_n2A-n77A) with 3Tx PC1.5. (OPPO)
· Recommended WF
· Agree with Option 1 if included in the WID.

Sub-topic 5-7 PC1.5 CA_n5A-n77A
Issue 5-7-1: CA_n5A-n77A PC1.5 IMD4
· Proposals
· Option 1: The MSD of IMD4 is 21.3dB for CA_n5A -n77A with 3Tx PC1.5. (OPPO)
· Recommended WF
· Agree with Option 1 if included in the WID.


Sub-topic 4-5 CR
	T-doc
	Company
	Comment collection

	R4-2311255
	Apple
	Draft CR for TS 38.101-1 on introducing Rx requirements for inter-band UL CA with 3Tx

	R4-2312459
	ZTE
	draft CR to TS38.101-1[R18]: Introduction of inter-band UL CA with UL MIMO and TxD(Rx part)

	R4-2312776
	OPPO
	R18 38101-3 CR for 3Tx inter-band ENDC
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The average percentage of uplink symbols is defined as 50% x ( Dutyng. x /maxDutyng x + Dutyng. v /maxDutyng v, )-
DUty = Dutyyz, y represent the actual percentage of uplink symbols transmitted in the same evaluation period (The

exact evaluation period is no less than one radio frame) for NR Band x. NR Band y respectively: maxDutyxz s.
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MPEFRT. 16 per band as defined in TS 38.331. For NR Band x or NR Band y, «
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— if power class of one or both of the bands within the band combination is power class 2 and the corresponding
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—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%. =
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that can be scheduled for uplink transmission to ensure compliance with applicable
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This field is applicable for FR1 power class 2 UE and also applicable for FR1 power
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maxUplinkDutyCycle-PC1dot5-MPE-FR1-r16 Band | No | N/A | FR1
Indicates the maximum percentage of symbols during a certain evaluation period only
that can be scheduled for uplink transmission to ensure compliance with applicable
electromagnetic energy absorption requirements provided by regulatory bodies.
This field is only applicable for FR1 power class 1.5 UE as specified in clause 6.2.1
of TS 38.101-1 [2].

s the upper limit of the UL duty cycle for power class 1.5.
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NOTE 8: Power Class 2 is allowed for this uplink combination or single uplink carrier in this downlink/uplink combination

NOTE 9: Power Class 1.5 is allowed for this uplink combination or single uplink carrier in this downlink/uplink
combination

NOTE 10: Only single uplink carriers with power class other than PC3 are listed.

NOTE 11: The CA configurations are given in Table 5.5A.1-1 or Table 5.5A.2-1 in this specification -
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NOTE 14

band
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= NOTE 8: Power Class 2 is allowed for this uplink combination or single uplink carrier in this downlink/uplink combination

= NOTE 9: Power Class 1.5 is allowed for this uplink combination or single uplink carrier in this downlink/uplink
combination

= NOTE 10: Only single uplink carriers with power class other than PC3 are listed.

= NOTE 11: The CA configurations are given in Table 5.5A.1-1 or Table 5.5A.2-1 in this specification -

= NOTE 12: UL configurations are for non-simultaneous Rx/Tx operation. -

= NOTE X: 3Tx concurrent transmission can be supported by this band combination with 1Tx in one band and 2Tx in the
other band«
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