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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN#110bis meeting, the WF[1] has been agreed and the details about 2-band inter-band UL NR-CA/EN-DC with 2Tx and/or 3Tx are as follows: 
	Way forward: 
3.1 Applicability of 3Tx requirements for FWA and handheld UE
-	3Tx NR-CA configurations and corresponding requirements defined in Rel-18 are applied to handheld UE in Rel-19.
-	3Tx EN-DC configurations and corresponding requirements defined in Rel-18 are applied to handheld UE in Rel-19
3.2 MOP tolerance
For 2Tx PC1.5 MOP tolerance, reuse the 3Tx PC1.5 MOP tolerance, i.e., +2/-3dB
3.3 PCMAX tolerance
No new requirement required. When 3Tx PC1.5 was introduced in Rel-18, the configured transmitted power clause referred to 2Tx configured transmitted power clause. 
3.4 Configuration for 2Tx inter-band NR-CA/EN-DC
-	For 2Tx inter-band NR-CA, strive to define general requirements in a band-combination configuration agnostic way
-	For 2Tx inter-band EN-DC, strive to define general requirements in a band-combination configuration agnostic way, further check whether there is demand on FDD-FDD (PC2 in total)
Note: General requirements here do not include band-combination specific requirements like MSD. 
3.5 Configuration for 3Tx inter-band NR-CA/EN-DC
-	No restriction on the power/MIMO configurations of each band in the band combination. 
•	Only PC3 is considered for LTE FDD in EN-DC, per the WID
•	Both PC2 and PC1.5 are considered for inter-band NR-CA for 3Tx
-	In the following basket WI, have the following limitation,
•	If the power class is not specified for the single band, this band within a BC cannot have this power class capability
•	If UL MIMO is not specified for the single band, this band within a BC cannot have UL MIMO capability
3.6 MSD framework for IMD
-	For 2 Tx PC1.5 inter-band NR-CA, assuming both of the transmitters shall be set min(+26 dBm, PCMAX_L,f,c) as defined in clause 6.2A.4
-	For 2 Tx PC1.5 inter-band EN-DC, assuming both of the transmitters shall be set min(+26 dBm, PCMAX_L,f,c) as defined in clause 6.2A.4
-	For 3 Tx PC1.5 inter-band NR-CA, strive to reuse existing 2Tx/3Tx IMD framework/requirements and Rel-19 new 2Tx IMD framework/requirements, for new configurations if any
-	 For 3Tx PC2/PC1.5 inter-band EN-DC, follow same approach/methodology as for 3Tx PC2/PC1.5 inter-band NR-CA


2. [bookmark: _Hlk151974188][bookmark: _Hlk145493529][bookmark: _Hlk145440945]Discussion
2.1 MSD framework for IMD
[bookmark: _GoBack]The following is the calculation formula of MSD for CA_n71A-n77A IMD in TR38880, which could be reused in the evaluation of PC1.5 2TX. 
                     (1)
MSD’ belongs to the new IMD of PC1.5 2TX, while MSD belongs to current PC2 2TX in the spec. x is the increment of interference power. Assuming all the component linearity assumptions keep unchanged, so the MSD of PC1.5 2TX, i.e., MSD’, could be obtained from the deformation of MSD.
The formula (1) could be transformed into the following form:


                                       (2)

For 2TX PC1.5, the transmitting power will change from 23+23 to 26+26, and the original intermodulation product power of PC2 is:

After power enhancement, the current intermodulation product power of PC1.5 is:



Therefore, x in formula (1) is equal to 3*n. So the x of IMD2, IMD3, IMD4 and IMD5 is 6, 9, 12 and 15 separately. And the part of ) is -0.75, -0.87, -0.94 and -0.97 separately, the absolute value will always be lower than 1dB. 
When MSD is higher than 10dB,  is also higher than 10, which is 10 times that of ), so the ) item could be omitted. And furthermore, Δis approximately equal to 0 and could be omitted either.
· For example, for IMD2, when MSD of PC2 2TX is 9, 

       when MSD of PC2 2TX is 8, Δ= -0.55.
· For IMD3, when MSD = 10/9, Δ= -0.40 and -0.50 separately.
· [bookmark: OLE_LINK5][bookmark: OLE_LINK6]For IMD4, when MSD = 10/9, Δ= -0.34 and -0.55 separately.
· For IMD5, when MSD = 10/9, Δ= -0.44 and -0.57 separately.
According to the above calculation, when MSD>=10, |Δ| is always less than 0.5, which can be ignored, and the MSD’ in (2) could be simplified to:

Observation 1: MSD of PC1.5 2TX = MSD of PC2 2TX + x +Δ. When MSD>=10, Δ is approximately equal to 0 and can be ignored. 
Observation 2: For 26+26 PC1.5 2TX architecture, x=3*n, where n is the order of IMDn, n<=5.
Proposal 1: If MSD of 2TX PC2 is higher than 10dB, MSD of 2TX PC1.5 (26+26 architecture) = MSD of 2TX PC2 + 3n, where n is the order of IMDn, n<=5. 
The x of 3Tx is different from 2TX. Such as comparing 23+29 with 26+26, the interference power becomes asymmetrical between the two bands, so the coefficient of intermodulation will impact the x value, and the increase of interference comes from the frequency band of 2TX chain. 

For example, if the coefficient of band 1 and 2 are a and b separately, and the output power of band 1 and 2 are 29dBm and 23dBm separately. So compared with 23+23 PC2 2TX MSD requirement, x = 6*|a|. For IMD2, x=6, because |a| is always equal to 1 in second order intermodulation, and the x is the same as that of 26+26 architecture. So the MSD for 2TX PC1.5 could be reused.
Observation3: For 23+29 PC 1.5 3TX architecture, x = 6*|y| where y is the coefficient of the 29dBm band.
Proposal 2: For the 23+29 3TX architecture of PC1.5, the MSD of IMD2 for 2TX PC1.5 could be reused.
However, for higher order IMD product, the coefficients of the two bands are different in different combination cases, so the x will not always be the same even in the same IMD order. E.g., for IMD4, if |a|=1 then x = 6; If |a|=2 then x=12. 
Proposal 3: If the MSD of 2TX PC2 is higher than 10dB, for the intermodulation product of the 23+29 3TX architecture higher than the second order, MSD = 2TX PC2 MSD + 6|y| where y is the coefficient of the 29dBm band.
The above analysis is based on the assumption that all the component linearity keeps unchanged, which is a fairly ideal state. For PC2 IMD MSD, no specific requirements are defined for the 23+26 architecture cases and the requirement of 23+23 are reused. In 3T4R WI, there is not much difference in amplifier linearity between the 24.8dBm and 23dBm Tx chains. But in the 23+26+26 power combination, there are two PAs need to transmit a higher power level, for example, 30dBm considering a loss of 4dB. Therefore, whether there is a large difference in linearity between the PAs may requires further evaluation. If the linearity parameters of PA for PC1.5 change significantly compared with PC2, the MSD requirement need to be recalculated.

For example, from 23+23 to 26+26, the two TX chain both increases by 3dB, and if the IIPn of the two PAs also increases linearly by 3dB, the PIMD2 will increase by 3*2-3=3dB, and the PIMD4 will increase by 3*4-3*3=3dB. The increment will always be x=3*n-3*(n-1)=3dB. The total MSD of PC1.5 2TX will be higher than PC2 2TX by almost 3dB considering the impact is mainly from PA and the impact of passive components is much smaller. 
For 23+29 architecture, the result is similar: The PIMD2 of the two PAs will increase by 6-3=3dB. And the PIMD4 of the two PAs will increase by 6*|y| - 3*3, where y is the coefficient of the 29dBm band. So the increment will always be x=6*|y| -3*(n-1).
Observation 4: If the IIPn of PA increases linearly with the gain, the x for PC1.5 2TX (26+26) = 3, and the x for PC1.2 3TX (23+29) = 6*|y| -3*(n-1).
Proposal 4: If the IIPn of PA increases linearly with the gain and the MSD of PC2 is higher than 10dB, MSD of PC1.5 2TX(26+26) = MSD of PC2 2TX +3. MSD of PC1.5 2TX(23+29) = MSD of PC2 2TX + 6|y| -3(n-1), where y is the coefficient of the 29dBm band and n is the order of IMDn.
2.2 SAR solution
This issue has been discussed and we have a dedicated paper in [2] in this meeting. The key proposals for Inter-band case is also reproduced here for easier reference.
Proposal 5: For PC1.5 of inter-band CA, define the duty cycle based SAR scheme based on the scheme for Rel-18 PC1.5 inter-band CA+MIMO (3Tx). 
Proposal 6: For Inter-band EN-DC(FDD+FDD) PC2, the duty cycle based SAR scheme of inter-band EN-DC(FDD+TDD) PC2 could be reused with editorial changes. 
Proposal 7: For Inter-band EN-DC(TDD+TDD) PC1.5, the duty cycle based SAR scheme is FFS.
3. Conclusion
Observation 1: MSD of PC1.5 2TX = MSD of PC2 2TX + x +Δ. When MSD>=10, Δ is approximately equal to 0 and can be ignored. 
Observation 2: For 26+26 PC1.5 2TX architecture, x=3*n, where n is the order of IMDn, n<=5.
Proposal 1: If MSD of 2TX PC2 is higher than 10dB, MSD of 2TX PC1.5 (26+26 architecture) = MSD of 2TX PC2 + 3n, where n is the order of IMDn, n<=5. 
Observation3: For 23+29 PC 1.5 3TX architecture, x = 6*|y| where y is the coefficient of the 29dBm band.
Proposal 2: For the 23+29 3TX architecture of PC1.5, the MSD of IMD2 for 2TX PC1.5 could be reused.
Proposal 3: If the MSD of 2TX PC2 is higher than 10dB, for the intermodulation product of the 23+29 3TX architecture higher than the second order, MSD = 2TX PC2 MSD + 6|y| where y is the coefficient of the 29dBm band.
Observation 4: If the IIPn of PA increases linearly with the gain, the x for PC1.5 2TX (26+26) = 3, and the x for PC1.2 3TX (23+29) = 6*|y| -3*(n-1).
Proposal 4: If the IIPn of PA increases linearly with the gain and the MSD of PC2 is higher than 10dB, MSD of PC1.5 2TX(26+26) = MSD of PC2 2TX +3. MSD of PC1.5 2TX(23+29) = MSD of PC2 2TX + 6|y| -3(n-1), where y is the coefficient of the 29dBm band and n is the order of IMDn.
Proposal 5: For PC1.5 of inter-band CA, define the duty cycle based SAR scheme based on the scheme for Rel-18 PC1.5 inter-band CA+MIMO (3Tx). 
Proposal 6: For Inter-band EN-DC(FDD+FDD) PC2, the duty cycle based SAR scheme of inter-band EN-DC(FDD+TDD) PC2 could be reused with editorial changes. 
Proposal 7: For Inter-band EN-DC(TDD+TDD) PC1.5, the duty cycle based SAR scheme is FFS.
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