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1	Background
In RAN4#108b, a new table template covering all 1UL/CC and 2UL/CC MSD studies was addressed in [1], it also proposed a MSD investigation report table. In this contribution, we provide additional details and a way forward to introduce these tables in the TP to TR templates for inter-band NRCA and ENDC.
2 Discussion
2.1 Proposed template covering MSDs for 1UL(1CC) and IMDs for 2UL(1CC per band)
Based on the discussion and questions raised about which cases should be investigate for harmonic mixing and cross band isolation, we submit an update of tabular calculations used for MSD studies covering UL harmonics, harmonic mixing and cross-band isolation MSDs for 1UL(1CC) and IMDs for 2UL(1CC per band). This update can be added to the already well-used IMD calculation table in TP to TR for 2 and 3 band DL with 2 band UL and 1CC per UL band. For the two band DL and 1UL/1CC case, additional rows are added to provide calculations for harmonic ranges, harmonic mixing ranges, and cross-band ACLR ranges.

A preliminary version of such update is presented in Table 2 with different sections across rows with, in top-to-bottom order:
· The input frequencies and maximum UL channel BW section provide:
· The two band names and types
· The two bands UL frequencies
· The two bands DL frequencies
· The duplex distance (0 for TDD) and the maximum UL channel bandwidth per band
· A preliminary input on near miss ranges. This input still requires additional work but uses the maximum UL channel bandwidth per band.
· The UL harmonics frequencies section is to be used for the 2DL band TP only for 1UL harmonic calculations. This provides the H2 to H5 harmonic ranges
· The DL harmonics frequencies section is to be used for 2DL band TP only for 1UL harmonic mixing calculations. This provides the H2 to H5 harmonic ranges
· The cross band ACLR range section is to be used for 2DL band TP only for cross band calculations. This provides the ACLR1 to 4, based on the maximum UL channel bandwidth per band. Note that this approach may also be applicable to intra-band CA cases, and subsequently, a specific template developed.
· The typical IMD frequency range calculations section is to be used for two and three DL bands with 2UL bands with 1CC per band TPs.
· Additionally, a notes section is provided for guidance on the cases that should be investigated, along with other pertinent details. This section requires additional work to integrate as many guidance and rules as deemed necessary.
· This table is populated with the CA_n18-n77 case as an example.
Table 2: Template for 1UL(1CC) and 2UL(1CC per band) frequency analysis
	UE carriers
	f1_low
	f1_high
	f2_low
	f2_high

	Band number / type
	n18
	FDD
	n77
	TDD

	Input
frequencies2
	UL
	815
	830
	3400
	4200

	
	DL
	860
	875
	3400
	4200

	
	near miss
	760
	975
	3385
	4215

	Duplex distance / Maximum UL CBW
	45
	15
	0
	100

	[bookmark: _Hlk146735993]UL harmonics frequencies 
	H2
	1630
	1660
	6800
	8400

	
	H3
	2445
	2490
	10200
	12600

	
	H4
	3260
	3320
	13600
	16800

	
	H5
	4075
	4150
	17000
	21000

	DL harmonics frequencies 
	H23
	1720
	1750
	6800
	8400

	
	H34
	2580
	2625
	10200
	12600

	
	H45
	3440
	3500
	13600
	16800

	
	H56
	4300
	4375
	17000
	21000

	Cross band ACLR range
	ACLR1
	845
	890
	3300
	4300

	
	ACLR2
	830
	905
	3200
	4400

	
	ACLR3
	815
	920
	3100
	4500

	
	ACLR47
	800
	935
	3000
	4600

	2nd order IMD8
	products
	|f2_low – f1_high|
	|f2_high – f1_low|
	|f2_low + f1_low|
	|f2_high + f1_high|

	
	frequency 
	2570
	3385
	4215
	5030

	3rd order IMD8
	products
	|f2_low – 2*f1_high|
	|f2_high – 2*f1_low|
	|2*f2_low – f1_high|
	|2*f2_high – f1_low|

	
	frequency 
	1740
	2570
	5970
	7585

	
	products
	|2*f1_low + f2_low|
	|2*f1_high + f2_high|
	|2*f2_low + f1_low|
	|2*f2_high + f1_high|

	
	frequency 
	5030
	5860
	7615
	9230

	4th order IMD8
	products
	|3*f1_low – f2_high|
	|3*f1_high – f2_low|
	|3*f2_low – f1_high|
	|3*f2_high –f1_low|

	
	frequency 
	910
	1755
	9370
	11785

	
	products
	|3*f1_low +f2_low|
	|3*f1_high + f2_high|
	|3*f2_low+f1_low|
	|3*f2_high +f1_high|

	
	frequency 
	5845
	6690
	11015
	13430

	
	products
	|2*f1_low –2*f2_high|
	|2*f1_high –2*f2_low|
	|2*f1_low +2*f2_low|
	|2*f1_high +2*f2_high|

	
	frequency 
	5140
	6770
	8430
	10060

	5th order IMD8
	products
	|f1_low –4*f2_high|
	|f1_high –4*f2_low|
	|f2_low –4*f1_high|
	|f2_high –4*f1_low|

	
	frequency 
	12770
	15985
	80
	940

	
	products
	|f1_low +4*f2_low|
	|f1_high +4*f2_high|
	|f2_low+4*f1_low|
	|f2_high +4*f1_high|

	
	frequency 
	14415
	17630
	6660
	7520

	
	products
	|2*f1_low –3*f2_high|
	|2*f1_high –3*f2_low|
	|2*f2_low -3*f1_high|
	|2*f2_high -3*f1_low|

	
	frequency 
	8540
	10970
	4310
	5955

	
	products
	|2*f1_low +3*f2_low|
	|2*f1_high +3*f2_high|
	|2*f2_low+3*f1_low|
	|2*f2_high +3*f1_high|

	
	frequency 
	11830
	14260
	9245
	10890

	Note 1: All frequencies are in MHz

	Note 2: Region or country-based frequency restriction can be applied if the band combination is identifiable to a single region or country

	Note 3: UL1/DL2 harmonic mixing collisions should be investigated for DL bands > 1.5GHz, UL3/DL2 may be considered for DL bands >3GHz

	Note 4: UL1or2or3/DL3 harmonic mixing collisions should be investigated

	Note 5: UL1/DL4 harmonic mixing collisions should be investigated for DL bands > 0.5GHz and UL2or3/DL4 for bands > 1.5GHz.

	Note 6: UL1or2/DL5 harmonic mixing collisions should be investigated

	Note 7: In cases where ACLR3 range does not overlap with the other band DL range, there may still be a residual MSD due to transmitter noise floor for low filter rejection

	Note 8: The IMD section is needed for 2UL case only, only the lowest even and odd order overlapping a DL band should be specified



To ease a systematic review of the potential MSD cases, another table is added to the TP wherein each MSD source is discussed, and the possible need for a specification is reported. Table 3 is a preliminary version populated with the CA_n18-n77 MSD sources analysis.
Table 3: Template for 1UL(1CC) and 2UL(1CC per band) MSD analysis
	1UL harmonics
	UL4 and UL5 of band n18 fall into DL1 of band n77

	1UL Harmonic mixing
	DL4 of n18 overlaps with UL1 of n77, MSD should be investigated as it a DL4 of a band <1GHz

	1UL cross band
	no cross band range overlaps with the other DL band and the distance is large so no noise floor related MSD should be investigated 

	2UL IMDs
	IMD2 falls in band n77 DL but can be ignored as it is a TDD band
IMD4 falls in band n18 DL and should be specified
IMD5 falls in band n18 DL and should be specified

	Note 1: For MSD analysis, any harmonic or IMD product overlapping a DL band or DL harmonic overlapping an UL band or its harmonics should be investigated and commented in this Table. For cases where there is no overlap but the product falls within the maximum UL CBW distance of a DL band, near miss MSD should be considered for low order products.


Proposal: 
· The two band and three band DL TP to TR templates for NRCA and ENDC are updated to add the 1UL harmonic, harmonic mixing, and cross-band isolation calculations tables with notes provided for guidance.
· An associated MSD analysis reporting table is also introduced in the TP to TR templates. 
· Example tables provided in the contribution can be used as a starting point
· Harmonic mixing rules for investigation can be revised based on agreements. 
· The cross band section can be reused for intra-band cases as up to IMD9 cases are evaluated.
· The objective is to introduce new templates for use in Release 19.
3 Conclusion
In this contribution, we proposed a new template for the MSD studies for 1UL/CC and 2UL/CC inter-band combinations and a analysis table to promote and acquire more consistent reporting of the MSD investigations.
Proposal: 
· The two band and three band DL TP to TR templates for NRCA and ENDC are updated to add the 1UL harmonic, harmonic mixing, and cross-band isolation calculations tables with notes provided for guidance.
· An associated MSD analysis reporting table is also introduced in the TP to TR templates. 
· Example tables provided in the contribution can be used as a starting point
· Harmonic mixing rules for investigation can be revised based on agreements. 
· The cross band section can be reused for intra-band cases as up to IMD9 cases are evaluated.
· The objective is to introduce new templates for use in Release 19.
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