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[bookmark: _Hlk149936446]1	Background
Within the TPs submitted to the block approval process, the cross-band isolation MSD is quite often ignored or not well understood by the proponents. In RAN4#108bis and RAN4#109 early proposals in [1, 2] were made to rectify this. This contribution is a re-submission of [4], which was not treated as there was no AI for treating such “pre-R19” topics. Still, it was possible to discuss the paper [3], and present our plans to improve the R19 block approval process and technical scope, which resulted in a way forward [5]. Thus, we submit a proposal for calculation tables to enable a more straightforward cross-band isolation MSD analysis in the two DL band coexistence to be used for release 19 TPs.
2 Discussion
2.1 Current situation
In 38.101-1 and 38.101-3, the cross-band isolation MSD tables refer to ACLR1, ACLR2 and >ACLR2 as the source of interference as shown in Table 1 for 38.101-1 for PC3. This ACLR range applies only for the mandatory test point that uses the largest UL CBW for the “aggressor” band and the smallest DL CBW for the “victim” band. 

Table 1: Specified cross -band isolation for worst case test point versus ACLR range
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	(dB)
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	n1
	n3
	50
	5
	19.7
	ACLR1
	same
	<UL1

	n18
	n28
	15
	5
	31.3
	ACLR1
	same
	<UL1

	n26
	n28
	20
	5
	36.9
	ACLR1
	same
	<UL1

	n71
	n85
	35
	5
	23
	ACLR1
	same
	>UL1, <UL2

	n5
	n28
	20
	5
	17.5
	ACLR2
	same
	<UL1

	n18
	n28
	15
	5
	12.7
	ACLR2
	same
	<UL1

	n28
	n71
	30
	5
	13.3
	ACLR2
	same
	<UL1

	n28
	n105
	30
	5
	12.1
	ACLR2
	same
	<UL1

	n40
	n1
	100
	5
	21.9
	ACLR2
	adjacent
	<UL1

	n40
	n41
	100
	10
	28.1
	ACLR2
	same
	>UL1, <UL2

	n41
	n40
	100
	5
	31.4
	ACLR2
	same
	<UL1

	n71
	n12
	20
	5
	8.2
	ACLR2
	same
	>UL1, <UL2

	n71
	n29
	20
	5
	17.5
	ACLR2
	same
	>UL1, <UL2

	n71
	n85
	20
	5
	8.2
	ACLR2
	same
	>UL1, <UL2

	n7
	n40
	50
	5
	3.7
	>ACLR2 (3_50) 
	same
	<UL1

	n40
	n7
	100
	5
	22.3
	>ACLR2 (3_100)
	same
	>UL1, <UL2

	n40
	n34
	100
	5
	17.9
	>ACLR2 (3_100)
	adjacent
	<UL1

	n3
	n74
	5
	5
	2.6
	>ACLR2 (4_50)
	same
	<UL1

	n3
	n75
	5
	5
	4.3
	>ACLR2 (4_50)
	same
	<UL1

	n5
	n8
	10
	5
	2.8
	>ACLR2 (4_20)
	same
	<UL1

	n41
	n1
	100
	5
	18.1
	>ACLR2 (4_100)
	adjacent
	<UL1

	n41
	n66
	100
	5
	10.5
	>ACLR2 (4_100)
	adjacent
	<UL1

	n26
	n29
	20
	5
	3.9
	>ACLR2 (5_20)
	same
	<UL1

	n41
	n34
	100
	5
	7.2
	>ACLR2 (5_100)
	adjacent
	<UL1

	n41
	n70
	100
	5
	0.6
	>ACLR2 (5_100)
	adjacent
	<UL1

	n1
	n40
	20
	5
	6.6
	>ACLR2 (6_50)
	adjacent
	>UL1, <UL2

	n12
	n71
	15
	5
	3.8
	>ACLR2 (6_15)
	same
	<UL1

	n41
	n2
	100
	5
	0.6
	>ACLR2 (6_100)
	adjacent
	<UL1

	n41
	n25
	100
	5
	0.6
	>ACLR2 (6_100)
	adjacent
	<UL1

	n41
	n39
	100
	5
	1.6
	>ACLR2 (6_100)
	adjacent
	<UL1

	n41
	n77
	100
	10
	8.3
	>ACLR2 (7_100)
	adjacent
	>UL1, <UL2

	n41
	n78
	100
	10
	8.3
	>ACLR2 (7_100)
	adjacent
	>UL1, <UL2

	n41
	n3
	100
	5
	0.6
	>ACLR2 (7_100)
	adjacent
	<UL1

	n1
	n41
	50
	10
	6.1
	>ACLR2 (9_50)
	adjacent
	>UL1, <UL2

	n5
	n71
	20
	5
	3.9
	>ACLR2 (9_20)
	same
	<UL1

	n5
	n105
	20
	5
	3.3
	>ACLR2 (9_20)
	same
	<UL1

	n26
	n71
	20
	5
	3.9
	>ACLR2 (9_20)
	same
	<UL1

	n34
	n3
	15
	5
	3
	>ACLR2 (9_15)
	same
	<UL1

	n41
	n48
	100
	5
	8.3
	>ACLR2 (9_100)
	adjacent
	>UL1, <UL2

	n1
	n38
	50
	5
	2.9
	>ACLR2 (10_50)
	adjacent
	>UL1, <UL2

	n38
	n66
	40
	5
	1.9
	>ACLR2 (10_40)
	adjacent
	<UL1

	n7
	n3
	50
	5
	0.6
	>ACLR2 (>10_50)
	adjacent
	<UL1

	n30
	n66
	10
	5
	8.3
	>ACLR2 (>10_10)
	adjacent
	<UL1

	n34
	n40
	15
	5
	6
	>ACLR2 (>10_15)
	adjacent
	>UL1, <UL2

	n34
	n41
	15
	10
	3.2
	>ACLR2 (>10_15)
	adjacent
	>UL1, <UL2

	n38
	n1
	40
	5
	1.9
	>ACLR2 (>10_40)
	adjacent
	<UL1

	n38
	n2
	40
	5
	0.6
	>ACLR2 (>10_40)
	adjacent
	<UL1

	n38
	n25
	40
	5
	0.6
	>ACLR2 (>10_40)
	adjacent
	<UL1

	n38
	n78
	40
	10
	8.3
	>ACLR2 (>10_40)
	adjacent
	>UL1, <UL2

	n39
	n41
	40
	10
	3.3
	>ACLR2 (>10_40)
	adjacent
	>UL1, <UL2

	n3
	n41
	50
	10
	0.7
	>ACLR2 (>10_50)
	adjacent
	>UL1, <UL2

	n46
	n48
	80
	5
	13.3
	>ACLR2 (>10_100)
	adjacent
	<UL1



Note that some of the test points (see red highlight) do not use the largest UL CBW. This may be due to the CBW that is valid within the BCS. We may need to conduct additional validation checks. 

On top of the UL/DL bands, their CBW, MSD and ACLR range, Table 1 adds:
· For the >ACLR2 cases, the exact ACLR range up to >10 is reported in parenthesis, with the associated maximum UL CBW for the band (not BCS) presented in the form (ACLR number_CBW), with up to ACLR6 highlighted in bold.
· Whether the two bands are part of the same or adjacent band group, as defined for the triple beat MSD, the band group table is copied here in Table 2 for convenience.
· Whether the DL band is below the UL band (<UL1) or above the UL band and below its harmonic2 (>UL1, <UL2)

Table X: Band group definition for same or adjacent band-group criterion
	FR1 band group range

	Name
	FR1-a (LB)
	FR1-b (MB)
	FR1-c (HB)
	FR1-d (VHB)
	FR1-e (UHB)

	Range (MHz)
	600-1000
	1400-2200
	2300-2700
	3300-5000
	5150-7125

	Duplex mode
	Mostly FDD
	Mostly FDD
	FDD and TDD
	TDD only
	TDD only



Observations:
· Some cases do not use the largest UL CBW. These cases are ignored in the MSD data comparison, as the calculated ACLR range does not correspond to the case specified.
· ACLR1 cases have a ~20-35dB MSD range
· ACLR2 cases have a ~10-30dB range
· Most of the cases fall under the >ACLR2 category, but this covers several differing cases:
· ACLR3: ~18-22dB MSD for n40/100MHz UL cases and ~4dB for n7/50MHz into n40
· ACLR4: ~10-18DB MSD for n41/100MHz UL cases
· ACLR5: 0.6dB from n41/100MHz UL to 3.9dB for n26/20MHz case
· ACLR6: 0.6-2.8dB MSD => similar to ACLR5
· >ACLR6: 0.6-8.3dB
· >ACLR10: 0.6-8.3dB
· MSD from n40 and n41 experience a wide CBW and rebound from the UL filter. This is due to the need for high isolation in the 2.4GHz ISM band. In general, the TDD bands have less UL filter rejection
· Beyond ACLR4, the bottom end of MSD is reached at 0.6dB. This is related to the transmitter noise floor
· The above is also verified with n26 UL, where the MSD is the same for n29 (ACLR5) and n71 (ACLR9)
· In general, the UL filter rejection exhibits lower levels for frequencies above the UL band. This explains the 8.3dB MSD associated with TDD band UL towards n48/77/78.
· The specific case of n46 UL interference towards n48 is due to the very wide band filter covering n46+n96 for WiFi/NR-U, which shows a low rejection in band n48.
· All the cases correspond to bands that are part of the same or the adjacent band group as defined for the triple beat band group rule.
· When the victim DL band is above the aggressor UL band, it is significantly below its harmonic 2.

In addition to the uncertainty created by the grouping of many cases under the >ACLR2 source shown in the specification, note that there is no agreed-upon template to detect potential cross-band MSD issues. Compare this to the tables that exist for the one UL band harmonic and harmonic mixing or the table for the IMDs of the two UL bands. This disconnect has resulted in many band combination proponents not proposing cross-band MSD, as they are unsure of which criteria to apply. This then results in many flags raised by other companies. In this context, we intend to establish clear criteria for cross-band isolation MSD, and propose an associated calculation table template.
2.2 Valid ACLR ranges for cross-band isolation and Tx noise floor
Based on the preceding observations, one can deduce that beyond ACLR5, the PA non-linearity induced noise reaches the transmitter noise floor. In any case the related MSD largely depends on the UL filter (+ diplexer and/or antenna isolation in some cases) rejection at the DL band.

Accounting for ACLR and SEM requirements, it can also be verified that ACLR5 is the range at which the UL noise generated by the PA non-linearity reaches the transmitter noise floor. Since, in most cases, the DL victim CBW is 5MHz, we can attempt to extrapolate the different interference levels from ACLR1 to ACLR5, based on the ACLR value or the dBm/MHz SEM mask value, with the following assumptions:
· MPR1 SEM ACLR1 < -13dBm/MHz, SEM ACLR2 <-30dBm/MHz
· MPR1 ACLR1 = 30dBc
· MPR1 to MPR0 increase 3dB/dB ACLR1, 4dB/dB ACLR2
· ACLR decay of 10dB per adjacent channel shift at MPR0
· Transmitter noise floor of -130dBm/Hz => -70dBm/MHz (this level is indicative and may necessitate case-by-case evaluation, depending on the frequency offset from the UL signal)

With the above assumptions, Table 2 calculates the interference level in 5MHz BW of the different sources at PC3 and MPR0:
· ACLR1 to 5 with associated decay
· SEM mask with an MPR1 to MPR0 increase
· ACLR mask with an MPR1 to MPR0 increase
· Noise floor
· UL CBW of 100 and 20MHz

Table 2: interference level versus ACLR range based on SEM and ACLR requirements compared to Tx noise floor 
	interference level dBm/5MHz DLCBW

	Evaluation
	ACLR1
	ACLR2
	ACLR3
	ACLR4
	ACLR5
	ACLR6
	floor

	SEM based
	-3.5
	-18.5
	-28.5
	-38.5
	-48.5
	-58.5
	-63.5

	ACLR based (100MHz)
	-17.0
	-27.0
	-37.0
	-47.0
	-57.0
	-67.0
	-63.5

	ACLR based (20MHz)
	-10.0
	-20.0
	-30.0
	-40.0
	-50.0
	-60.0
	-63.5



These calculations, even with approximations, confirm that:
· At ACLR5, the PA non-linearity induced interference is at a higher level compared to the noise floor
· At ACLR6, the PA non-linearity induced interference is at a similar level compared to the noise floor
· The SEM-based interference level is more pessimistic than the ACLR-based level, and may be more representative of the FDD UL cases with partial allocation.
· At a -63.5dBm/4.5MHz noise floor, for bands at -100dBm REFSENS, to ignore the MSD, a minimum of 47dB rejection at the DL frequency is needed. It is thus clear that beyond ACLR5, and up to a substantial frequency distance, there can still be non-negligible MSD, especially for less “abrupt” TDD filters. In general, the UL filter rebounds after high isolation in their own DL band for FDD or nearby highly protected band for TDD (band n40/n41 with 2.5GHz ISM band).
· Similarly, other effects like the receiver IP2 and TX blocker level can still be an issue beyond the ACLR5 range especially if the DL filter has limited rejection at the UL band frequency range.
· Assuming significant offsets, the PA RF matching may benefit the noise floor, but only marginally for frequencies below its second harmonic. Conversely, the level can be higher at offsets below the UL band, where the PA and the transceiver may have a higher gain and noise figure. 
· As an indication, if at least 45dB rejection in the DL band is not guaranteed for a Tx Noise floor assumed at -130dBm/Hz, the Tx noise floor impact must be evaluated further.
· In any case, for the TX noise floor to be of concern, based on the currently specified cases, two criteria must be met:
· The two bands involved (UL aggressor band and DL aggressor band) must be part of the same or adjacent band group. This is the same criteria as that used for triple beat products for the 2DL case.
· If the DL band is above the UL band, it’s lower frequency edge should be below the UL lowest harmonic two frequency. 
Proposal: 
· Beyond the ACLR5 range, on the transmitter side, the transmitter noise floor can be considered for cross-band isolation MSD for PC3 when the UL filter has insufficient rejection at the DL band frequency range.
· Similarly, the UL blocker level and receiver IP2 can be considered beyond the ACL5 range when the DL filter has insufficient rejection at the UL band frequency range.
· To consider the issues beyond ACLR5, two criteria should be met:
· The UL aggressor band and DL aggressor band should be part of the same or adjacent band group of Table 2
· If the DL band is above the UL band, it’s lower frequency edge should be below the UL lowest harmonic two frequency.
2.3 Equations for cross-band isolation ACLR ranges
Assuming the above observations, calculations, and filter considerations, it is reasonable to detect UL ACLR range overlap with the DL band of up to an order of 5. However, for large frequency distances, the transmitter noise floor can still be a significant contributor.

Proposal on cross-band isolation analysis table:
· Table 3 below, including the analysis and note rows, is used as calculation template to detect potential cross-band isolation MSD for up to the ACLR5 range. This applies for the mandatory test point that uses the largest UL CBW.
· MSD beyond the ACLR5 range should be evaluated further if:
· There is no overlap up to ACLR5
· The UL aggressor band and DL victim band are part of the same or adjacent band group defined for triple beat
· If the DL victim band is above the UL aggressor band, it’s lower frequency edge must be below the UL harmonic two frequency
· As an indicative threshold, if >45dB UL rejection at the DL band frequency can be guaranteed, the transmitter noise floor MSD should be negligible assuming a -130dBm/Hz TX noise floor level
· [Triple beat band group table is added in annex of the TPs and TR for two DL band.]

Table 3: Cross-band isolation analysis of CA_nXA-nYA with nX and nY UL
	Bands3
	nX
	nY

	Frequency limit
	fx_low / min
	fx_high / max
	fy_low / min
	fy_high / max

	fUL (MHz)
	
	
	
	

	fDL (MHz)
	
	
	
	

	CBW (MHz)2
	
	
	
	

	ACLR1 range
	fxULlow-maxULCBWx
	fxULhigh+maxULCBWx
	fyULlow-maxULCBWy
	fyULhigh+maxULCBWy

	ACLR1 (MHz)
	
	
	
	

	ACLR2 range
	fxULlow-2*maxULCBWx
	fxULhigh+2*maxULCBWx
	fyULlow-2*maxULCBWy
	fyULhigh+2*maxULCBWy

	ACLR2 (MHz)
	
	
	
	

	ACLR3 range
	fxULlow-3*maxULCBWx
	fxULhigh+3*maxULCBWx
	fyULlow-3*maxULCBWy
	fyULhigh+3*maxULCBWy

	ACLR3 (MHz)
	
	
	
	

	ACLR4 range
	fxULlow-4*maxULCBWx
	fxULhigh+4*maxULCBWx
	fyULlow-4*maxULCBWy
	fyULhigh+4*maxULCBWy

	ACLR4 (MHz)
	
	
	
	

	ACLR5 range1
	fxULlow-5*maxULCBWx
	fxULhigh+5*maxULCBWx
	fyULlow-5*maxULCBWy
	fyULhigh+5*maxULCBWy

	ACLR5 (MHz)
	
	
	
	

	Analysis
	
	

	Note 1: Even if there is no overlap up to ACLR5, MSD beyond the ACLR5 range should be evaluated further if:
	-The UL aggressor band and DL aggressor band are part of the same or adjacent band group as described in annex Y
	-If the DL band is above the UL band, it’s lower frequency edge must be below the UL lowest harmonic 2 frequency
	-As an indicative threshold, if >45dB UL rejection at the DL band frequency can be guaranteed, assuming a -130dBm/Hz TX noise floor level, the transmitter noise floor related MSD should be negligible
Note 2: The maximum UL channel bandwidth of the BCS (noted maxULCBW) is used to calculate the band ACLR ranges while the minimum DL channel bandwidth of the BCS (noted minDLCBW) is used for the DL band victim channel bandwidth.



2.4 Evaluation of the cross-band isolation MSD
Table 2 in section 2.2 can provide a raw estimate of the interference level without the UL filter rejection. However, for the ACLR1 and ACLR2 cases, the spectrum shape, and image/carrier transceiver impairment can have an influence. Thus, simulation/measurements are recommended. Even at ACLR3, depending on the amount of overlap, a more granular account of the spectrum shape can deserve to be measured/simulated.
2.5 Representative examples
CA_n1A-n102C/n1 or n102 DL/UL
[bookmark: _Hlk158936171]Table 4: Cross-band isolation analysis of CA_n1A-n102A with n1 and n102 UL
	Bands3
	n1
	n102

	Frequency limit
	fx_low / min
	fx_high / max
	fy_low / min
	fy_high / max

	fUL (MHz)
	1920
	1980
	5945
	6425

	fDL (MHz)
	2110
	2170
	5945
	6425

	CBW (MHz)2
	5
	50
	20
	100

	ACLR1 range
	fxULlow-maxULCBWx
	fxULhigh+maxULCBWx
	fyULlow-maxULCBWy
	fyULhigh+maxULCBWy

	ACLR1 (MHz)
	1870
	2020
	5845
	6525

	ACLR2 range
	fxULlow-2*maxULCBWx
	fxULhigh+2*maxULCBWx
	fyULlow-2*maxULCBWy
	fyULhigh+2*maxULCBWy

	ACLR2 (MHz)
	1820
	2070
	5745
	6625

	ACLR3 range
	fxULlow-3*maxULCBWx
	fxULhigh+3*maxULCBWx
	fyULlow-3*maxULCBWy
	fyULhigh+3*maxULCBWy

	ACLR3 (MHz)
	1770
	2120
	5645
	6725

	ACLR4 range
	fxULlow-4*maxULCBWx
	fxULhigh+4*maxULCBWx
	fyULlow-4*maxULCBWy
	fyULhigh+4*maxULCBWy

	ACLR4 (MHz)
	1720
	2170
	5545
	6825

	ACLR5 range1
	fxULlow-5*maxULCBWx
	fxULhigh+5*maxULCBWx
	fyULlow-5*maxULCBWy
	fyULhigh+5*maxULCBWy

	ACLR5 (MHz)
	1670
	2220
	5445
	6925

	Analysis
	There is no overlap of the band n1 ACLR range with the band n102 DL up to order 5 and there is enough rejection of the transmitter noise floor at band n102, so no cross-band MSD is needed.
	There is no overlap of the band n102 ACLR range with the band n1 DL up to order 5 and there is enough rejection of the transmitter noise floor at band n1, so no cross-band MSD is needed.


CA_n40A-n41A/n40 or n41 DL/UL with SimRx/Tx
Table 5: Cross-band isolation analysis of CA_n40A-n41A with n40 and n41 UL with n41 restricted range in Asia
	Bands3
	n40
	n41

	Frequency limit
	fx_low / min
	fx_high / max
	fy_low / min
	fy_high / max

	fUL (MHz)
	2300
	2400
	2515
	2675

	fDL (MHz)
	2300
	2400
	2515
	2675

	CBW (MHz)2
	5
	100
	10
	100

	ACLR1 range
	fxULlow-maxULCBWx
	fxULhigh+maxULCBWx
	fyULlow-maxULCBWy
	fyULhigh+maxULCBWy

	ACLR1 (MHz)
	2200
	2500
	2415
	2775

	ACLR2 range
	fxULlow-2*maxULCBWx
	fxULhigh+2*maxULCBWx
	fyULlow-2*maxULCBWy
	fyULhigh+2*maxULCBWy

	ACLR2 (MHz)
	2100
	2600
	2315
	2875

	ACLR3 range
	fxULlow-3*maxULCBWx
	fxULhigh+3*maxULCBWx
	fyULlow-3*maxULCBWy
	fyULhigh+3*maxULCBWy

	ACLR3 (MHz)
	2000
	2700
	2215
	2975

	ACLR4 range
	fxULlow-4*maxULCBWx
	fxULhigh+4*maxULCBWx
	fyULlow-4*maxULCBWy
	fyULhigh+4*maxULCBWy

	ACLR4 (MHz)
	1900
	2800
	2115
	3075

	ACLR5 range1
	fxULlow-5*maxULCBWx
	fxULhigh+5*maxULCBWx
	fyULlow-5*maxULCBWy
	fyULhigh+5*maxULCBWy

	ACLR5 (MHz)
	1800
	2900
	2015
	3175

	Analysis
	There is overlap of the band n40 UL ACLR2/3 upper range with the band n41 DL so cross-band isolation MSD should be studied
	There is overlap of the band n41 UL ACLR2/3 lower range with the band n40 DL so cross-band isolation MSD should be studied. Note: band 41 is limited to the range valid in Asia as band n40 is not supported in North America.


CA_n1A-n3A / n1 or n3 DL/UL
Table 6: Cross-band isolation analysis of CA_n1A-n3A with n1 and n3 UL
	Bands3
	n1
	n3

	Frequency limit
	fx_low / min
	fx_high / max
	fy_low / min
	fy_high / max

	fUL (MHz)
	1920
	1980
	1710
	1785

	fDL (MHz)
	2110
	2170
	1805
	1880

	CBW (MHz)2
	5
	50
	5
	50

	ACLR1 range
	fxULlow-maxULCBWx
	fxULhigh+maxULCBWx
	fyULlow-maxULCBWy
	fyULhigh+maxULCBWy

	ACLR1 (MHz)
	1870
	2020
	1660
	1835

	ACLR2 range
	fxULlow-2*maxULCBWx
	fxULhigh+2*maxULCBWx
	fyULlow-2*maxULCBWy
	fyULhigh+2*maxULCBWy

	ACLR2 (MHz)
	1820
	2070
	1610
	1885

	ACLR3 range
	fxULlow-3*maxULCBWx
	fxULhigh+3*maxULCBWx
	fyULlow-3*maxULCBWy
	fyULhigh+3*maxULCBWy

	ACLR3 (MHz)
	1770
	2120
	1560
	1935

	ACLR4 range
	fxULlow-4*maxULCBWx
	fxULhigh+4*maxULCBWx
	fyULlow-4*maxULCBWy
	fyULhigh+4*maxULCBWy

	ACLR4 (MHz)
	1720
	2170
	1510
	1985

	ACLR5 range1
	fxULlow-5*maxULCBWx
	fxULhigh+5*maxULCBWx
	fyULlow-5*maxULCBWy
	fyULhigh+5*maxULCBWy

	ACLR5 (MHz)
	1670
	2220
	1460
	2035

	Analysis
	There is overlap of the band n1 ACLR1/2 range with the band n3 DL so cross-band isolation MSD should be studied
	There is no overlap of the band n3 ACLR range with the band n1 DL up to order 5 and there is enough rejection of the transmitter noise floor at band n1, so no cross-band MSD is needed.


CA_n26A-n28A / n26 or n28 DL/UL
Table 7: Cross-band isolation analysis of CA_n26A-n28A with n26 and n28 UL
	Bands3
	n26
	n28

	Frequency limit
	fx_low / min
	fx_high / max
	fy_low / min
	fy_high / max

	fUL (MHz)
	814
	849
	703
	748

	fDL (MHz)
	859
	894
	758
	803

	CBW (MHz)2
	5
	20
	5
	30

	ACLR1 range
	fxULlow-maxULCBWx
	fxULhigh+maxULCBWx
	fyULlow-maxULCBWy
	fyULhigh+maxULCBWy

	ACLR1 (MHz)
	794
	869
	673
	778

	ACLR2 range
	fxULlow-2*maxULCBWx
	fxULhigh+2*maxULCBWx
	fyULlow-2*maxULCBWy
	fyULhigh+2*maxULCBWy

	ACLR2 (MHz)
	774
	889
	643
	808

	ACLR3 range
	fxULlow-3*maxULCBWx
	fxULhigh+3*maxULCBWx
	fyULlow-3*maxULCBWy
	fyULhigh+3*maxULCBWy

	ACLR3 (MHz)
	754
	909
	613
	838

	ACLR4 range
	fxULlow-4*maxULCBWx
	fxULhigh+4*maxULCBWx
	fyULlow-4*maxULCBWy
	fyULhigh+4*maxULCBWy

	ACLR4 (MHz)
	734
	929
	583
	868

	ACLR5 range1
	fxULlow-5*maxULCBWx
	fxULhigh+5*maxULCBWx
	fyULlow-5*maxULCBWy
	fyULhigh+5*maxULCBWy

	ACLR5 (MHz)
	714
	949
	553
	898

	Analysis
	There is overlap of the band n26 ACLR1 range with the band n28 DL so cross-band isolation MSD should be studied
	There is overlap of the band n28 ACLR4 range with the band n26 DL so cross-band isolation MSD should be studied.



Note: In this case, when two-band ULCA CA_n26-n28 is supported, the n28 DL is a victim of ACLR1 of n26 and ACLR1 of n28. This led to the introduction of a 2UL cross-band isolation for CA_n26-n28 UL configuration. However, this contribution only covers one-band UL cross-band isolation issues.
3 Conclusion
In this contribution, we analyzed the cross-band isolation MSD level at different offset from the UL signal. This is based on available specifications, as well as calculations centered on the ACLR and SEM requirements. This resulted in the following proposals.

Proposal: 
· Beyond the ACLR5 range, on the transmitter side, the transmitter noise floor can be considered for cross-band isolation MSD for PC3 when the UL filter has insufficient rejection at the DL band frequency range.
· Similarly, the UL blocker level and receiver IP2 can be considered beyond the ACL5 range when the DL filter has insufficient rejection at the UL band frequency range.
· To consider the issues beyond ACLR5, two criteria should be met:
· The UL aggressor band and DL aggressor band should be part of the same or adjacent band group of Table 2
· If the DL band is above the UL band, it’s lower frequency edge should be below the UL lowest harmonic two frequency.

Proposal on cross-band isolation analysis table:
· Table 3 below, including the analysis and note rows, is used as calculation template to detect potential cross-band isolation MSD for up to the ACLR5 range. This applies for the mandatory test point that uses the largest UL CBW.
· MSD beyond the ACLR5 range should be evaluated further if:
· There is no overlap up to ACLR5
· The UL aggressor band and DL victim band are part of the same or adjacent band group defined for triple beat
· If the DL victim band is above the UL aggressor band, it’s lower frequency edge must be below the UL harmonic two frequency
· As an indicative threshold, if >45dB UL rejection at the DL band frequency can be guaranteed, the transmitter noise floor MSD should be negligible assuming a -130dBm/Hz TX noise floor level
· [Triple beat band group table is added in annex of the TPs and TR for two DL band.]

Table 3: Cross-band isolation analysis of CA_nXA-nYA with nX and nY UL
	Bands3
	nX
	nY

	Frequency limit
	fx_low / min
	fx_high / max
	fy_low / min
	fy_high / max

	fUL (MHz)
	
	
	
	

	fDL (MHz)
	
	
	
	

	CBW (MHz)2
	
	
	
	

	ACLR1 range
	fxULlow-maxULCBWx
	fxULhigh+maxULCBWx
	fyULlow-maxULCBWy
	fyULhigh+maxULCBWy

	ACLR1 (MHz)
	
	
	
	

	ACLR2 range
	fxULlow-2*maxULCBWx
	fxULhigh+2*maxULCBWx
	fyULlow-2*maxULCBWy
	fyULhigh+2*maxULCBWy

	ACLR2 (MHz)
	
	
	
	

	ACLR3 range
	fxULlow-3*maxULCBWx
	fxULhigh+3*maxULCBWx
	fyULlow-3*maxULCBWy
	fyULhigh+3*maxULCBWy

	ACLR3 (MHz)
	
	
	
	

	ACLR4 range
	fxULlow-4*maxULCBWx
	fxULhigh+4*maxULCBWx
	fyULlow-4*maxULCBWy
	fyULhigh+4*maxULCBWy

	ACLR4 (MHz)
	
	
	
	

	ACLR5 range1
	fxULlow-5*maxULCBWx
	fxULhigh+5*maxULCBWx
	fyULlow-5*maxULCBWy
	fyULhigh+5*maxULCBWy

	ACLR5 (MHz)
	
	
	
	

	Analysis
	
	

	Note 1: Even if there is no overlap up to ACLR5, MSD beyond the ACLR5 range should be evaluated further if:
	-The UL aggressor band and DL aggressor band are part of the same or adjacent band group as described in annex Y
	-If the DL band is above the UL band, it’s lower frequency edge must be below the UL lowest harmonic 2 frequency
	-As an indicative threshold, if >45dB UL rejection at the DL band frequency can be guaranteed, assuming a -130dBm/Hz TX noise floor level, the transmitter noise floor related MSD should be negligible
Note 2: The maximum UL channel bandwidth of the BCS (noted maxULCBW) is used to calculate the band ACLR ranges while the minimum DL channel bandwidth of the BCS (noted minDLCBW) is used for the DL band victim channel bandwidth.
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