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Introduction
[bookmark: _Hlk131632468]In RAN4#106b-e, new calculation templates were proposed in [1] for IMDs of intra-band ULCA cases. In this contribution, we provide our inputs on these cases and also on potential improvements for other cases.
Discussion
The way forward [1] provided a number of agreements.
< Agreement >:  
The analysis template in Table 1 shall be used for non-contiguous intra-band uplink studies
Table 1: Analysis template for non-contiguous intra-band uplink studies
	Configuration
	Channel
BW
	Minimum
Channel
separation
	Maximum
Channel
separation
	Minimum
frequency
	Maximum
frequency
	

	Data
	10
	10
	600
	3300
	4200
	-

	CC location
	fU1L
	fU2L
	fU3L
	fU1H
	fU2H
	fU3H

	Frequency
	3300
	3320
	3900
	4200
	4180
	3600

	2nd
	I fU1L-fU2L I
	I fU1L-fU3L I
	fU1L + fU2L
	fU1H+fU2H
	-
	-

	Interference ranges
	20
	600
	6620
	8380
	-
	-

	3rd
	2*fU1L-fU3L
	2*fU1H-fU3H
	2*fU1L + fU2L
	2*fU1H + fU2H
	-
	-

	Interference ranges
	2700
	4800
	9920
	12580
	-
	-

	4th
	I 2*fU1L - 2*fU2L I
	I 2*fU1H - 2*fU3H I
	3*fU1L - fU3L
	3*fU1H - fU3H
	3*fU1L + fU2L
	3*fU1H + fU2H

	Interference ranges
	40
	1200
	6000
	9000
	13220
	16780

	5th
	I 3*fU1L-2*fU3L I
	I 3*fU1H-2*fU3H I
	4*fU1L-fU3L
	4*fU1H-fU3H
	4*fU1L+fU2L
	4*fU1H+fU2H

	Interference ranges
	2100
	5400
	9300
	13200
	16520
	20980

	6th
	I 3*fU1L-3*fU2L I
	I 3*fU1H-3*fU3H I
	4*fU1L-2*fU3L
	4*fU1H-2*fU3H
	5*fU1L-fU3L
	5*fUH1-fU3H

	Interference ranges
	60
	1800
	5400
	9600
	12600
	17400

	7th
	I 4*fU1L-3*fU3L I
	I 4*fU1H-3*fU3H I
	5*fU1L-2*fU3L
	5*fU1H-2*fU3H
	6*fU1L-fU3L
	6*fU1H-fU3H

	Interference ranges
	1500
	6000
	8700
	13800
	15900
	21600



In the table the following abbreviations is used:
fU1L = minimum frequency of TX aggressor band of ULCC1 lower band range
fU2L = minimum frequency of TX aggressor band of ULCC2 lower band range
fU3L = maximum frequency of TX aggressor band of ULCC2 lower band range
fU1H = maximum frequency of TX aggressor band of ULCC1 higher band range
fU2H = minimum frequency of TX aggressor band of ULCC2 higher band range
fU3H = maximum frequency of TX aggressor band of ULCC2 higher band range
fD1L = minimum frequency of RX victim band of DLCC placed on the lower frequency side of the TX aggressor band
fD1H = maximum frequency of RX victim band of DLCC placed on the lower frequency side of the TX aggressor band
fD2L = minimum frequency of RX victim band of DLCC placed on the higher frequency side of the TX aggressor band
fD2H = maximum frequency of RX victim band of DLCC placed on the higher frequency side of the TX aggressor band
Channel BW = Channel bandwidth of the component carrier. Only equal channel BW is considered
Minimum channel separation = Minimum frequency separation between the two component carriers or the inter CC GB
Maximum channel separation = Maximum frequency separation between the two component carriers or aggregated uplink BW


Note: For additional reference see R4-2300413. 

< Way forward >:  
· New revised TPs shall be submitted for RAN4#107 including explanation of the abbreviations as well as other parameters used.
· The description and definitions shall be included to at least the TP to TR 38.846

< Way forward >:  
FSS if the table and definitions above can be used for:
· 1 band FDD BC with intra-band contiguous and non-contiguous ULCA:
· If non-contiguous the minimum frequency separation is the minimum channel BW
· If contiguous, the minimum frequency separation is the inter CC GB (can be zero for calculation)
· If non-contiguous the maximum frequency separation is max(max BW separation class, UL band BW)
· If contiguous, maximum frequency separation is max(max aggregated BW , UL band BW)
· IMD orders:
· For non-contiguous: IMD2/3/4/5/7
· For contiguous: IMD2/3/4/5/7/9
· 2 band with simultaneous Tx/Rx and contiguous/non-contiguous ULCA in 1 band. 2 band DL with 1band UL 2CC
· UL configurations: CA_nXXB/C, CA_nXX(2A), CA_nXXA-nYYB/C (note CA_nXXA-nYY(2A) not agreed in R18)
· If ULCA part is non-contiguous the minimum frequency separation is the minimum channel BW
· If ULCA part is If contiguous, the minimum frequency separation is the inter CC GB (can be zero for calculation)
· If ULCA part is If non-contiguous the maximum frequency separation is max(max BW separation class, UL band BW)
· If ULCA part is If contiguous, maximum frequency separation is max(max aggregated BW , UL band BW)
· IMD orders:
· If ULCA part is non-contiguous: IMD2/3/4/5/7
· If ULCA part is contiguous: IMD2/3/4/5/7/9

[bookmark: _Hlk131970415]Coexistence studies related to intra-band ULCA configurations
There are 5 cases to consider where IMDs of the two CCs of an intra-band UL CA may cause MSD issues:
· FDD band with DL and UL contiguous intra-band CA (CA_nXXB/ C UL and DL) => IMDs of intra band CA can cause MSD up to 7th order, only odd orders should be an issue
· FDD band with DL and UL non-contiguous intra-band CA CA_nXX(2A) UL and DL) => IMDs of intra band CA can cause MSD up to 7th order, only odd orders should be an issue
· Two band simultaneous Rx/Tx combinations with 1 band UL with contiguous intra-band CA => IMDs of intra band CA can cause MSD up to 9th order, only odd order should be an issue as 2nd and 4th order are limited to 400MHz and higher even orders are typically low.
· Two band simultaneous Rx/Tx combinations with 1 band UL with non-contiguous intra-band CA => IMDs of intra band CA can cause MSD up to 7th order, 2nd order can be up to 600MHz and should not be an issue while 4th order can be an issue for low bands as it can reach up to 1200Mhz and higher even orders are typically low.
· Two band simultaneous Rx/Tx combinations with 2 band UL with contiguous intra-band CA in one of the bands => IMDs of intra band CA can cause MSD up to 7th order, 2nd order can be up to 600MHz and should not be an issue while 4th order can be an issue for low bands as it can reach up to 1200Mhz and higher even orders are typically low.
· The assumption that out of even order IMDs, only 4th order IMD is an issue, is based on the fact that in R18:
· Maximum UL aggregated BW for contiguous intra-band is 200MHz
· Maximum bandwidth separation class is 600MHz
· Two band simultaneous Rx/Tx combinations with 2 band UL with non-contiguous intra-band CA in one of the bands is not considered because it would require 3 non-contiguous UL clusters which is not allowed in R18.

Based on the above, an IMD calculation table can be made generic for all above cases by:
· Adding 9th order IMD
· Colouring IMD2 and IMD6 in grey (not to be analyzed)
· Colouring IMD4 in yellow (only for non-contiguous ULCA configuration)
· Colouring IMD9 in ornge (only for contiguous ULCA configuration)
· Clarifying the definitions for the different parameters for contiguous and non-contiguous
· Providing guidelines on which IMD should be checked for the different cases.

Proposal on IMD Table: 
· Below IMD table is added for calculations in templates for:
· FDD Intra-band DC/CA with 1UL/2CC Intra-band UL CA
· Two band simultaneous Tx/Rx DC/CA with 1UL/2CC intra-band ULCA
· Two band simultaneous Tx/Rx DC/CA with 2UL/3CC with contiguous intra-band ULCA
· So far, the cases that resulted in MSD specified only cover the first two columns IMDs and are related to n41C, n77(2A), n78(2A): FFS if the table should be simplified further at least in some cases.
	Configuration
	Channel
BW
	Minimum
Channel
separation
	[bookmark: _Hlk135089356]Maximum
Instantaneous UL BW
	Minimum
frequency
	Maximum
frequency
	

	Data
	10
	10
	600
	3300
	4200
	-

	CC location
	fU1L
	fU2L
	fU3L
	fU1H
	fU2H
	fU3H

	Frequency
	3300
	3320
	3900
	4200
	4180
	3600

	2nd
	I fU1L-fU2L I
	I fU1L-fU3L I
	fU1L + fU2L
	fU1H+fU2H
	-
	-

	Interference ranges
	20
	600
	6620
	8380
	-
	-

	3rd
	2*fU1L-fU3L
	2*fU1H-fU3H
	2*fU1L + fU2L
	2*fU1H + fU2H
	-
	-

	Interference ranges
	2700
	4800
	9920
	12580
	-
	-

	4th
	I 2*fU1L - 2*fU2L I
	I 2*fU1H - 2*fU3H I
	3*fU1L - fU3L
	3*fU1H - fU3H
	3*fU1L + fU2L
	3*fU1H + fU2H

	Interference ranges
	40
	1200
	6000
	9000
	13220
	16780

	5th
	I 3*fU1L-2*fU3L I
	I 3*fU1H-2*fU3H I
	4*fU1L-fU3L
	4*fU1H-fU3H
	4*fU1L+fU2L
	4*fU1H+fU2H

	Interference ranges
	2100
	5400
	9300
	13200
	16520
	20980

	6th
	I 3*fU1L-3*fU2L I
	I 3*fU1H-3*fU3H I
	4*fU1L-2*fU3L
	4*fU1H-2*fU3H
	5*fU1L-fU3L
	5*fUH1-fU3H

	Interference ranges
	60
	1800
	5400
	9600
	12600
	17400

	7th
	I 4*fU1L-3*fU3L I
	I 4*fU1H-3*fU3H I
	5*fU1L-2*fU3L
	5*fU1H-2*fU3H
	6*fU1L-fU3L
	6*fU1H-fU3H

	Interference ranges
	1500
	6000
	8700
	13800
	15900
	21600

	9th
	I 5*fU1L-4*fU3L I
	I 5*fU1H-4*fU3H I
	6*fU1L-3*fU3L
	6*fU1H-3*fU3H
	7*fU1L-2*fU3L
	7*fU1H-2*fU3H

	Interference ranges
	900
	6600
	8100
	14400
	15300
	22200



Proposal on IMD table definitions:
· fU1L = minimum frequency of TX aggressor band of ULCC1 lower band range
· Can be simplified to Minimum frequency edge of the band
· fU2L = minimum frequency of TX aggressor band of ULCC2 lower band range
· fU3L = maximum frequency of TX aggressor band of ULCC2 lower band range
· Can be simplified to Minimum frequency edge of the band + Maximum Instantaneous UL BW
· fU1H = maximum frequency of TX aggressor band of ULCC1 higher band range
· Can be simplified to Maximum frequency edge of the band
· fU2H = minimum frequency of TX aggressor band of ULCC2 higher band range
· fU3H = maximum frequency of TX aggressor band of ULCC2 higher band range
· Can be simplified to Maximum frequency edge of the band - Maximum Instantaneous UL BW
· Channel BW = Channel bandwidth of the component carrier
· Equal to minimum UL CBW for non-contiguous UL CA
· Equal to the maximum UL CBW combination that fits the minimum between the maximum aggregated CBW for the BCS and the band bandwidth for contiguous UL CA
· Minimum channel separation = Minimum frequency separation between the two component carriers or the inter CC GB
· Equal to 0 for contiguous intra-band UL CA
· Equal to minimum CBW for non-contiguous ULCA
· Maximum instantaneous UL bandwidth
· Equal to minimum of aggregated bandwidth and band bandwidth for contiguous intra-band UL CA
· Equal to minimum of bandwidth separation class bandwidth and band bandwidth for non-contiguous intra-band UL CA.

Proposal on IMD table analysis:
· For intra-band DL/UL CA: only odd orders up to 9th overlapping with the FDD band DL should be analyzed for MSD
· MSD to Scell and Pcell may have to be considered
· For 2 band DL with 1/2UL including intra-band contiguous ULCA: Only odd orders up to 9th overlapping with the simultaneous Rx band DL should be analysed for MSD
· For 2 band DL with 1UL including intra-band non-contiguous ULCA: Only odd orders up to 7th and 4th order for even order overlapping with the simultaneous Rx band DL should be analyzed for MSD.

Beyond these IMD tables for intra-band ULCA, there other cases where enhanced guidelines and calculations tables would avoid errors of missing requirements for CA/DC band combinations TPs.

Proposal for future coexistence calculation enhancement:
· A similar IMD table approach can be used for cross-band MSD that is often forgotten:
· Instead of IMDs of the two CCs, it will relate to IMDs of the wanted RBs and their image
· Only odd order IMDs up to IMD7 with only n*F1+(n-1)*F2 cases should be needed
· Analysis should also include calculations for transmitter noise floor for distances > IMD7
· An enhanced UL and DL harmonic table approach can be used for UL harmonics and harmonic mixing to ease the reading of potential issues
· Up to H5 of UL and H5 of UD should be covered 
· Only n+m orders up to 7 should be analyzed
· For even order of DL harmonics some specific cases must be analyzed.
· Triple beat calculation table for 2 band/2UL/3CC and 3band/2UL/3CC templates.

Conclusions
In this contribution, we discussed the IMD calculation table proposed in [1] and make proposals for further enhancements.

Proposal on IMD Table: 
· Below IMD table is added for calculations in templates for:
· FDD Intra-band DC/CA with 1UL/2CC Intra-band UL CA
· Two band simultaneous Tx/Rx DC/CA with 1UL/2CC intra-band ULCA
· Two band simultaneous Tx/Rx DC/CA with 2UL/3CC with contiguous intra-band ULCA
· So far, the cases that resulted in MSD specified only cover the first two columns IMDs and are related to n41C, n77(2A), n78(2A): FFS if the table should be simplified further at least in some cases.
	Configuration
	Channel
BW
	Minimum
Channel
separation
	Maximum
Instantaneous UL BW
	Minimum
frequency
	Maximum
frequency
	

	Data
	10
	10
	600
	3300
	4200
	-

	CC location
	fU1L
	fU2L
	fU3L
	fU1H
	fU2H
	fU3H

	Frequency
	3300
	3320
	3900
	4200
	4180
	3600

	2nd
	I fU1L-fU2L I
	I fU1L-fU3L I
	fU1L + fU2L
	fU1H+fU2H
	-
	-

	Interference ranges
	20
	600
	6620
	8380
	-
	-

	3rd
	2*fU1L-fU3L
	2*fU1H-fU3H
	2*fU1L + fU2L
	2*fU1H + fU2H
	-
	-

	Interference ranges
	2700
	4800
	9920
	12580
	-
	-

	4th
	I 2*fU1L - 2*fU2L I
	I 2*fU1H - 2*fU3H I
	3*fU1L - fU3L
	3*fU1H - fU3H
	3*fU1L + fU2L
	3*fU1H + fU2H

	Interference ranges
	40
	1200
	6000
	9000
	13220
	16780

	5th
	I 3*fU1L-2*fU3L I
	I 3*fU1H-2*fU3H I
	4*fU1L-fU3L
	4*fU1H-fU3H
	4*fU1L+fU2L
	4*fU1H+fU2H

	Interference ranges
	2100
	5400
	9300
	13200
	16520
	20980

	6th
	I 3*fU1L-3*fU2L I
	I 3*fU1H-3*fU3H I
	4*fU1L-2*fU3L
	4*fU1H-2*fU3H
	5*fU1L-fU3L
	5*fUH1-fU3H

	Interference ranges
	60
	1800
	5400
	9600
	12600
	17400

	7th
	I 4*fU1L-3*fU3L I
	I 4*fU1H-3*fU3H I
	5*fU1L-2*fU3L
	5*fU1H-2*fU3H
	6*fU1L-fU3L
	6*fU1H-fU3H

	Interference ranges
	1500
	6000
	8700
	13800
	15900
	21600

	9th
	I 5*fU1L-4*fU3L I
	I 5*fU1H-4*fU3H I
	6*fU1L-3*fU3L
	6*fU1H-3*fU3H
	7*fU1L-2*fU3L
	7*fU1H-2*fU3H

	Interference ranges
	900
	6600
	8100
	14400
	15300
	22200



Proposal on IMD table definitions:
· fU1L = minimum frequency of TX aggressor band of ULCC1 lower band range
· Can be simplified to Minimum frequency edge of the band
· fU2L = minimum frequency of TX aggressor band of ULCC2 lower band range
· fU3L = maximum frequency of TX aggressor band of ULCC2 lower band range
· Can be simplified to Minimum frequency edge of the band + Maximum Instantaneous UL BW
· fU1H = maximum frequency of TX aggressor band of ULCC1 higher band range
· Can be simplified to Maximum frequency edge of the band
· fU2H = minimum frequency of TX aggressor band of ULCC2 higher band range
· fU3H = maximum frequency of TX aggressor band of ULCC2 higher band range
· Can be simplified to Maximum frequency edge of the band - Maximum Instantaneous UL BW
· Channel BW = Channel bandwidth of the component carrier
· Equal to minimum UL CBW for non-contiguous UL CA
· Equal to the maximum UL CBW combination that fits the minimum between the maximum aggregated CBW for the BCS and the band bandwidth for contiguous UL CA
· Minimum channel separation = Minimum frequency separation between the two component carriers or the inter CC GB
· Equal to 0 for contiguous intra-band UL CA
· Equal to minimum CBW for non-contiguous ULCA
· Maximum instantaneous UL bandwidth
· Equal to minimum of aggregated bandwidth and band bandwidth for contiguous intra-band UL CA
· Equal to minimum of bandwidth separation class bandwidth and band bandwidth for non-contiguous intra-band UL CA.

Proposal on IMD table analysis:
· For intra-band DL/UL CA: only odd orders up to 9th overlapping with the FDD band DL should be analyzed for MSD
· MSD to Scell and Pcell may have to be considered
· For 2 band DL with 1/2UL including intra-band contiguous ULCA: Only odd orders up to 9th overlapping with the simultaneous Rx band DL should be analysed for MSD
· For 2 band DL with 1UL including intra-band non-contiguous ULCA: Only odd orders up to 7th and 4th order for even order overlapping with the simultaneous Rx band DL should be analyzed for MSD.

Proposal for future coexistence calculation enhancement:
· A similar IMD table approach can be used for cross-band MSD that is often forgotten:
· Instead of IMDs of the two CCs, it will relate to IMDs of the wanted RBs and their image
· Only odd order IMDs up to IMD7 with only n*F1+(n-1)*F2 cases should be needed
· Analysis should also include calculations for transmitter noise floor for distances > IMD7
· An enhanced UL and DL harmonic table approach can be used for UL harmonics and harmonic mixing to ease the reading of potential issues
· Up to H5 of UL and H5 of UD should be covered 
· Only n+m orders up to 7 should be analyzed
· For even order of DL harmonics some specific cases must be analyzed.
· Triple beat calculation table for 2 band/2UL/3CC and 3band/2UL/3CC templates.
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