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1 Introduction
In RAN #98 meeting, a new WID for low NR band enhancement WID, including 4Rx for handheld UE and 3Tx for inter-band UL CA and EN-DC, was approved in [1], in which for the 3Tx part:
Enhancements of 3Tx for band combinations with two bands
· Two bands with inter-band UL CA or EN-DC are considered with below limitations:
· [bookmark: OLE_LINK35][bookmark: OLE_LINK128]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
· [bookmark: OLE_LINK16]  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
· [bookmark: OLE_LINK82][bookmark: OLE_LINK21][bookmark: OLE_LINK95]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 
· [bookmark: OLE_LINK2]Note 1: Increase UE power high limit feature is not included
In addition, several inter-band UL CA and ENDC band combination, where except for the lower constituent band, the another constituent band is UL-MIMO band supports 2Tx.
In last meeting, some issues were extensive discussed WF was agreed in which there are still several open issues.
[bookmark: OLE_LINK25][bookmark: OLE_LINK94]In this contributions, we give some further discussions on the Rx RF requirements for 3Tx inter-band UL CA/ENDC. 
2	Discussion
[bookmark: OLE_LINK66][bookmark: OLE_LINK23][bookmark: OLE_LINK28][bookmark: OLE_LINK24][bookmark: OLE_LINK52][bookmark: OLE_LINK6]For Rx requirements, we mainly focus on the band combination specific requirements includes ΔRIB,c and MSD requirements.
2.1 ΔTIB,c /ΔRIB,c 
	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
· WF:
· FFS in next meeting


[bookmark: OLE_LINK4][bookmark: OLE_LINK5]Here we discuss the ΔTIB,c /ΔRIB,c requirements together although ΔTIB,c is the Tx requirements. 
[bookmark: OLE_LINK18][bookmark: OLE_LINK20]As discussed in [2], for the ΔTIB,c /ΔRIB,c requirements, it mainly relay on the RF architecture, and the ΔTIB,c /ΔRIB,c requirements are defined regardless of band combination power class due to RF architecture are the same. Therefore, for PC2 inter-band UL CA/ENDC band combination supporting concurrent 2Tx and 3Tx, the RF architecture(RFFE RF components)would be the same, which means the same ΔTIB,c /ΔRIB,c requirements could be applied.
[bookmark: OLE_LINK27][bookmark: OLE_LINK96][bookmark: OLE_LINK1]Proposal 1: The existing ΔTIB,c /ΔRIB,c requirements could be applied for concurrent 3Tx for PC2 inter-band CA/ENDC combinations.
[bookmark: OLE_LINK13][bookmark: OLE_LINK42]2.2 MSD
The MSD requirements includes harmonic, Rx harmonic mixing, cross band isolation MSD and IMD MSD, we have already given some details discussion in [3].
	Issue 3-2-2: 3Tx MSD framework for Harmonic, Rx harmonic mixing and cross band isolation
· WF:
· FFS on whether Harmonic, Rx harmonic mixing and cross band isolation MSD need to be re-evaluated.
Issue 3-2-3: 3Tx MSD framework for IMD
· Proposals
· Option 1: For PC1.5 UL CA/DC
· 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.
· WF:
· FFS in next meeting

Issue 3-2-4: MSD re-evaluation of example band combinations
· WF
· Evaluate whether existing MSD for 2Tx is also applicable for 3Tx for the same band combination
· If it is, no need to perform case by case study for such evaluation. 
· If not, consider potential simplified MSD evaluation approach


Harmonic, Rx harmonic mixing and cross band isolation MSD
The harmonic, Rx harmonic mixing and cross band isolation MSD are included in separated tables and derived from different aggressor NR UL (PC3/PC2/PC1.5) band. 
For the case of PC2 aggressor NR UL MIMO band, the interference into victim band come from two 23PAs via PCB path and conductive path, respectively. Although the each PA output power is 23dBm for concurrent 3Tx, it seems the eventual MSD value has no linear relationship with PA output power. 
For the same power class of the aggressor NR UL band, the implementations may be different. If the aggressor NR UL band is not changed, then the existing MSD value can be re-used. For example for harmonic MSD, since it usually happen for n order harmonic of low band falls into Mid/High band, so if the Mid/High band supports UL MIMO, there is no need to re-evaluate MSD value due to the aggressor NR UL band is unchanged for the low band.
IMD MSD
For IMD issue, the situation is a bit different with other types. In TS38.101-1, the aggressor NR UL band is not used for IMD MSD tables, 2UL is used instead. Currently 2UL means concurrent 2Tx of 2 bands UL. So for concurrent 3Tx of 2 bands UL, the IMD MSD should also be re-evaluated since PA forward/reserve mixing interference from 2 aggressor PAs should be taken into account, 
[bookmark: OLE_LINK12][bookmark: OLE_LINK26]In last meeting, some companies think there is no need to re-evaluate the MSD for the concurrent 3Tx band combination, instead the existing MSD for PC2 band combination can be re-used due to the huge work to re-evaluate the MSD for the band combinations one by one.
[bookmark: OLE_LINK33][bookmark: OLE_LINK32][bookmark: OLE_LINK22][bookmark: OLE_LINK30]Actually, when we look at PC2 DL_n3-n78_UL_n3 in the WID HPUE_FR1_FDD_NR_CADC_R18[4], where n3 is PC2 FDD band with 1*26dBm (not supporting TxD) and 2*23dBm (supporting TxD). For these two power configurations on PC2 band n3, the difference for harmonic MSD value for the same UL/DL configurations are up to 7.3dB for the same company. It may not feasible to use one value to cover both 1*26dBm (not supporting TxD) and 2*23dBm (supporting TxD) case considering such big MSD differences.
[bookmark: OLE_LINK3][bookmark: OLE_LINK29][bookmark: OLE_LINK17][bookmark: OLE_LINK31]Similar approach can be considered for concurrent 3Tx inter-band NR CA/ENDC (for example for DC_3A_n78A). Currently, there are no re-evaluations for concurrent 3Tx inter-band NR CA/ENDC, we don’t know the MSD difference between concurrent 2Tx and concurrent 3Tx inter-band NR CA/ENDC, so it may be premature to conclude that the existing MSD for PC2 band combination can be re-used.
[bookmark: OLE_LINK34][bookmark: OLE_LINK15]Therefore, it is proposed to select two example band combinations to re-evaluate the MSD value to see the delta MSD compared to the existing MSD for PC2 band combination. The two example band combinations could be CA_n28A-n78A and DC_3A_n78A, which are:
	Band combination
	UL configuration
	Power class
	 MSD 

	[bookmark: OLE_LINK72]CA_n28A-n78A
	CA_n28A-n78A
	PC3@n28 1Tx; PC3/2@n78 2Tx;
CA power class PC2
	- No new harmonic MSD will be defined
- check PC2 IMD5 MSD and PC2 Receive harmonic mixing MSD

	[bookmark: OLE_LINK85]DC_3A_n78A
	[bookmark: OLE_LINK11]DC_3A_n78A
	PC3@n3 1Tx; PC2@n78 2Tx;
EN-DC power class PC2
	- No new harmonic MSD will be defined
- check PC2 harmonic mixing MSD and PC2 IMD2/4 MSD 


[bookmark: OLE_LINK41]Proposal 2: It is proposed to select two example band combinations to re-evaluate the MSD value to see the delta MSD compared to the existing MSD of PC2 band combination.
[bookmark: OLE_LINK44][bookmark: OLE_LINK43][bookmark: OLE_LINK45]For the uplink/downlink configurations, the existing PC2 band combination are re-used for concurrent 3Tx PC2 band combination.
Proposal 3: Same uplink/downlink configurations of the existing PC2 band combination are for concurrent 3Tx PC2 band combination.
3 Conclusion
In this contribution, we give some further discussions on the Rx RF requirements for 3Tx inter-band UL CA/ENDC band combination, where one of the constituent band supports UL MIMO. The conclusions are:
2.1 ΔTIB,c /ΔRIB,c 
Proposal 1: The existing ΔTIB,c /ΔRIB,c requirements could be applied for concurrent 3Tx for PC2 inter-band CA/ENDC combinations.
2.2 MSD
Proposal 2: It is proposed to select two example band combinations to re-evaluate the MSD value to see the delta MSD compared to the existing MSD of PC2 band combination.
Proposal 3: Same uplink/downlink configurations of the existing PC2 band combination are for concurrent 3Tx PC2 band combination.
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