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Introduction
A new WI on low NR band 4Rx for handheld UE and 3Tx for inter-band UL CA and EN-DC was agreed in last RAN meeting [1]. Specifically, for 3T for band combinations with two bands, it has the following objectives:
· Two bands with inter-band UL CA or EN-DC are considered with below limitations:
· In each band only 1CC included. The Tx capability considered is 1Tx in one band, and 2Tx in the other band
· The following power capabilities will be considered
·   CA power class or EN-DC power class is PC2
· PC3 FDD band 1Tx + PC2 TDD band 2Tx (UL MIMO and TxD)
· PC3 FDD band 1Tx + PC3 TDD band 2Tx (UL MIMO)
· PC3 TDD band 1Tx + PC2 TDD band 2Tx (UL MIMO)
·   CA power class or EN-DC power class is PC1.5
· PC3 FDD band 1Tx + PC1.5 TDD band 2Tx (UL MIMO and TxD)
· Targeting UE type:
· Specify UE RF requirements for FWA. 
· Study the applicable requirements for handheld UE but no normative work in Rel-18
· Specify requirements for 3Tx, e.g. clarify the applicable requirements for the band which support UL MIMO in inter-band UL CA or inter-band EN-DC 
· Note 1: Increase UE power high limit feature is not included
This contribution provides consideration on UE RF requirements supporting 3Tx for two bands.
Discussion
Requirements for targeted UE type
From the WID, it clearly described that the target UE type includes FWA, whether to support handheld UE depends on the feasibility study. 
In the specification of TS 38.101-1, we have two places specified specific requirements for FWA UE, see the tables reproduced as blow:
Table 6.2D.2-3 Maximum power reduction (MPR) for power class 1.5 with dual Tx [2]
	Modulation
	MPR (dB)

	
	Edge RB allocations
	Outer RB allocations
	Inner RB allocations

	DFT-s-OFDM
	Pi/2 BPSK
	≤ 6
	≤ 1.5
	≤ 0

	
	QPSK
	≤ 6.5
	≤ 2
	≤ 0

	
	16 QAM
	≤ 6.5
	≤ 3
	≤ 1

	
	64 QAM
	≤ 6.5
	≤ 3.5
	≤ 3

	
	256 QAM
	≤ 6.5
	≤ 5.5
	≤ 5.5

	CP-OFDM
	QPSK
	≤ 6.5
	≤ 4
	≤ 1.5

	
	16 QAM
	≤ 6.5
	≤ 4
	≤ 2

	
	64 QAM
	≤ 6.5
	≤ 4.5
	≤ 4

	
	256 QAM
	≤ 7.5
	≤ 7.5
	≤ 7.5

	NOTE 1:	This table is targeted to large FWA form factor with 20 dB or above antenna isolation.



Table 7.3.2-2: Four antenna port reference sensitivity allowance ΔRIB,4R [2]
	Operating band
	ΔRIB,4R (dB)

	n8, n28, n71, n105
	-2.71

	n1, n2, n3, n30, n40, n7, n34, n38, n39, n41, n66, n70
	-2.7

	n48, n77, n78, n79, n104
	-2.2

	NOTE 1:	4 Rx operation is targeted for FWA form factor


It is noted that though FWA as a UE type could have specific requirements, the UE type is not reported to the NW. Most likely the requirements are only used for the test purpose with UE declaration. However, if handheld UE can also comply with the requirements defined for FWA UE, it is not necessarily to exclude the handheld UE to support 3Tx with two bands. 
Observation 1: There is no mechanism to indicate FWA UE or handheld UE to the NW.
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.
Specific requirements for 3Tx with two bands
Impact on the specification structure
In release 17, RAN4 introduced RF requirements for intra-band CA + UL MIMO, and new clauses with suffix H were introduced in the spec. The new WI covers the case of inter-band CA + UL MIMO in a constituent band. For the sake of the completeness of the specification, sub-clauses for inter-band CA with UL MIMO should be included as well.
Table 4.3-1: Definition of suffixes [2]
	Clause suffix
	Variant

	None
	Single Carrier

	A
	Carrier Aggregation (CA)

	B
	Dual-Connectivity (DC)

	C
	Supplement Uplink (SUL)

	D
	UL MIMO

	E
	V2X

	F
	Shared spectrum channel access

	G
	Tx Diversity (TxD)

	H
	Carrier Aggregation (CA) with UL MIMO

	I
	RedCap


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.
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.
Tx requirements
Maximum output power for CA/DC
In specifications of TS 38.101-1 and 38.101-3, there are tables on MOP for CA/DC. So far only PC3 and PC2 combinations are considered in the tables. The WI introduced PC1.5 band combination as seen in the WID objective, hence new power class should be updated in the MOP tables after the BC specific requirements are finished.
Observation 3: New BC power class PC1.5 is included in the WI objective.
Proposal 3: MOP tables for CA/DC should be updated for the new power class when band combination specific requirements are finished.
Other Tx requirements
General inter-band CA requirements were introduced from earlier releases for 2 UL bands, which also includes the case of inter-band + intra-band CA, but the basic assumption by then is only supporting 2 simultaneous transmission bands. In the new WI, new scenario of one carrier at two each band while 2Tx is supported at one of the bands is proposed. It is noticed that most of the Tx requirements for inter-band combination refer to those for the constituent single band. One exception is Pcmax. If no higherPowerLimit capability is indicated, the per BC power class determines the upper bound of maximum configured power for the band combination. However, the existing mechanism and methodology for defining requirements for inter-band combination are still applicable for a 3Tx band combination with 2 bands.
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. 
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.
Rx requirements
During the discussion in RAN#98e for the new WI proposal, most companies agree that no specific Tx requirements are foreseen for 3Tx band combination, not to say the Rx ones. It is known that MSD as BC specific requirement is important to be analyzed in basket WIs. For 2UL caused IMD, both forward and reverse intermodulation products need to be calculated. In Rel-17, MPR requirements for 2Tx (UL MIMO & TxD) are specified, which could be different from that of single Tx. Furthermore, the interference routes are slightly different from single Tx especially for reverse IMD products. Therefore, it may be worth to evaluate whether the existing MSD requirements can be reused for 3Tx for the same two-band combination. Since case by case MSD analysis is time consuming for so many band combinations, we prefer to evaluate it in a more general way. For example, if selected example band combination can justify that existing MSD can also be applicable for 3Tx scenario, then there is no need to do the exercise for all the proposed band combinations with 3 Tx.
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.
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. 
Ambiguous note in WID
As discussed in 2.2.2.2, higherPowerLimit is a valid way could be utilized by 3Tx band combination to enhance the output power. During the WID discussion, companies commented that higherPowerLimit is under discussion of Rel-18 coverage enhancement WI, therefore, a Note is added in the objective, i.e. “Increase UE power high limit feature is not included”. In our view, it doesn’t mean that increase power limit feature introduced in Rel-17 cannot be used for band combination supporting 3Tx. The note is ambiguous, and could be misleading for the discussion of applicable requirements. In our view, the note should be removed from the WID.
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 7: It is proposed to revise WID and remove Note 1 from the objectives.
Conclusion
This contribution provides preliminary consideration on UE RF requirements for UE supporting 3Tx with two bands. Upon the analysis, we have the following observations and proposals:
Observation 1: There is no mechanism to indicate FWA UE or handheld UE to the NW.
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.
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. 
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