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Introduction
In the RAN4#98b e-meeting, a discussion paper [2] analyzed the inter-band combinations that have intra-band UL CA as part of the UL configuration and the potential IMD or triple beat related MSD issues, it resulted in the approval of a way forward [2] that listed the cases to be further studied to provide the MSD specification of the IMD cases. In this contribution we provide MSD values for those combinations with detailed explanation for the calculations. This can be used to generate the related CRs and as a template for the analysis of such combinations.
Discussion
In [1], the cases in Table 1 were sorted for further analysis based on the IMD order interfering with the DL of the victim band.
Table 1: relevant cases already in 38.101-1 or -3
	DL
	UL
	IMD
BW
	IMD
order
	comment

	CA_n3A-n77(2A)
	CA_n77(2A)
	600
	7
	IMD7 MSD to be analyzed

	CA_n3A-n78(2A)
	CA_n78(2A)
	400
	9
	IMD9 MSD to be analyzed

	CA_n25A-n41C
	CA_n41C
	190
	7
	IMD7 MSD to be analyzed

	CA_n41C-n66A
	CA_n41C
	190
	5
	IMD5 MSD to be analyzed

	CA_n41C-n77A
	CA_n41C
	190
	9
	IMD9 MSD to be analyzed

	CA_n66A-n77(2A)
	CA_n77(2A)
	600
	5
	IMD5 MSD to be analyzed

	CA_n2(2A)-n30A-n66(2A)
	CA_n2(2A)
	70
	7
	IMD7 MSD to be analyzed

	CA_n2(2A)-n30A-n66(2A)
	CA_n66(2A)
	70
	7
	IMD7 MSD to be analyzed

	CA_n2A-n77(2A)
	CA_n77(2A)
	600
	7
	IMD7 MSD to be analyzed

	DC_3A_n41C
	DC_3A_n41C
	190
	9
	IMD9 MSD to be analyzed

	CA_n30A-n77(2A)
	CA_n77(2A)
	600
	5
	IMD5 MSD to be analyzed

	CA_n5B
	CA_n5B
	25
	3
	IMD3 MSD to be analyzed for intra-band basket

	CA_n66(3A)
	CA_n66(2A)
	70
	11
	MSD to be analyzed for intra-band basket

	CA_n66(A-B)
	CA_n66B
	70
	11
	MSD to be analyzed for intra-band basket



In the following chapter we provide a step by step MSD analysis of these combinations. 
Disclaimer: The proposed analysis and choices for the test point should be taken as guidelines and contributions can deviate from those as long as they are technically justified in a discussion paper.
MSD analysis of IMD products of intra-band CA UL configuration as part of an inter-band combination
Cases exempt from analysis
If UL CA configuration is a in a TDD band and the victim band is a TDD band without support for simultaneous Tx/Rx, the MSD analysis can be ignored.
If the only UL in the UL configuration is the UL CA part (i.e. UL config CA_X(2A), CA_XB, CA_XC) all the possible MSD should be analyzed for above two bands cases via the two band fall-backs including cases where the second band is an SDL band
Only if there is UL in two bands with at least one band with UL CA, the three band combinations should be further checked for triple-beat issue in the third band.
Level of IMDs without considering the filter attenuation
As a guideline in [1], the power levels for the different IMD orders are provided:
· For NR contiguous UL CA with MPR applied:
· IMD3 can reach up to 200MHz OOB with -13dBm/MHz
· IMD5 can reach up to 400MHz OOB with -30dBm/MHz for NS01 and -25dBm/MHz for NS04
· IMD7 can reach up to 600MHz OOB with -45dBm/MHz for NS01 and -35dBm/MHz for NS04
· For NR non-contiguous UL CA with MPR applied:
· IMD 3 can reach up to 600MHz OOB with -30dBm/MHz
· IMD 5 can reach up to 1200MHz OOB with -45dBm/MHz for NS01 and -25dBm/MHz for NS04

These levels are based on the SEM limits that drive the outer allocations MPR for contiguous and non-contiguous UL CA as shown in Table 2. The NS01 case decays by 15dB per IMD order beyond the -30dBm/MHz level while NS04 case decays by 12dB per IMD order beyond the -25dBm/MHz.
Table 2: IMD level as a function of IMD order, UL CA type and MPR/A-MPR
	IMD order
	3
	5
	7
	9
	11
	13
	15

	Non-contiguous UL CA NS01 (MPR)
	-30
	-45
	-60
	-75
	-90
	-105
	-120

	Non-contiguous UL CA NS04 (A-MPR)
	-25
	-37
	-49
	-61
	-73
	-85
	-97

	Contiguous UL CA NS01 (MPR)
	-13
	-30
	-45
	-60
	-75
	-90
	-105

	Contiguous UL CA NS04 (A-MPR)
	-13
	-25
	-37
	-49
	-61
	-73
	-85



The values in green are directly related to the outer non-contiguous allocation MPR/A-MPR to meet the SEM mask and OBB emissions. Values in white are extrapolated using a simple decay vs. IMD order, they are indicative and more conservative for the higher order > 9. If the IMD power level is < -89dBm/MHz (in red in Table 2), it can be considered to have negligible impact, also since the decaying rule used here for the high order IMDs is conservative, the last IMD order of concern from Table 2 can be selected for IMD level > -85dBm/MHz: 
· IMD9 for non-contiguous UL CA except for NS04 which may need to be studied up to IMD13
· IMD11 for contiguous UL CA except for NS04 which may need to be studied up to IMD15
Filter rejection
Since the MPR dictates the SEM level at the antenna, the filters characteristic that must be considered to derive the equivalent interfering level at the victim receiver antenna is the rejection (i.e. attenuation in victim band minus insertion loss) to take into account that the IMD level is higher at the PA output. 
In general, for FDD-FDD combination in the same frequency range (low bands or mid bands), the bands are combined at the antenna via quad or hexa-plexing and thus 45dB rejection can be assumed. For other cases, the antenna diplexer rejection can be added to the UL band filter rejection. 
For TDD bands, especially n77/78/79, LC filters shall be assumed with fairly low rejections. In this case we have assumed 13dB rejection from the <3.3GHz/>3.3GHz diplexer + 22dB rejection by the n77/78 filters towards mid-band frequencies. 
Usually, for band 41 in the US (NS04), a very good filter is implemented for the protection of the ISM band below and is n-plexed with the mid-band FDD bands; 45dB rejection is considered in these bands. For the band above 3.3GHz, the diplexer and band 41 filter can provide 40dB rejection.
For contributions discussing MSD values, the proponent should provide input on the high-level architecture and rejection retained for the calculation of the interfering level at the victim receiver.
Spectrum to be considered for IMD separation BW and band separation
In the case that the inter-band combination can be identified as a regional case, it is acceptable that both the IMD separation bandwidth and the band separation are tailored to the said region spectrum. This applies to the regions (1, 2, 3) and potentially countries if the combination can be identified to exist only in one country, but not the operator specific spectrum. This is especially of interest for bands like:
· Band n41 that has different ranges in the US, Japan and China
· Band n77 that has different ranges in the US, Japan and Korea
· Band n79 that has different ranges in the Japan and China

The calculations in Table 3 and 4 take into account these restricted regional ranges when applicable. 

It should be noted that the calculation of the IMD order is based on IMD separation bandwidth and band separation ranges that do not account for the channel edge guard bands, thus the IMD separation bandwidth is slightly larger and the band separation is slightly smaller than in reality. In some marginal cases, the guard bands should be accounted for. Again, this is the case for some of the cases calculated here.
Aggressor UL and Victim DL channel BW choices
Like for the inter-band 2UL case, the victim BW should be chosen to reveal the largest possible de-sense for the smallest valid channel bandwidth and SCS. In most FDD cases it is for 5MHz CBW and 15kHz SCS
For Non-contiguous UL CA, since there is a gap that accounts in the IMD BW, the lowest valid channel bandwidth and SCS can be chosen for each CC, given that the smallest channel bandwidth and SCS will have the lowest guard band and largest 1RB+1RB IMD BW.
For contiguous UL CA, the CC1 and CC2 CBW should be chosen such that the aggregated BW is the closest to the UL band frequency range (either the band definition or the regional range excluding operator specific range) and uses the lowest SCS and, when feasible uses CBW <60MHz to minimize the guard bands and maximize the IMD BW.
UL allocation choice
In order to simplify calculations of the interfering power from the IMD, it is suggested to use the 1RB+1RB case as it ensures that the IMD power fits in the lowest 5MHz channel at 15kHz (4.5MHz REFSENS BW). Furthermore, the 1RB position is tuned such that the IMD centre falls as close as possible to the centre of the victim DL channel. In this case, the IMD power is contained in 4.5 MHz up to IMD15 at 15kHz SCS in both UL CC, up to IMD13 at 30KHz SCS in both UL CC. This also means that it is not necessary to apply correction factors up to IMD9 for 15KHz SCS in both CCs as the IMD BW is close to 1MHz, and thus the dBm/MHz value can be considered as the total interfering power in the DL channel. This covers most of the cases and in other cases, the correction factor is less than 3dB, even in the 15kHz SCS in both CC case up to IMD13, which as explained above the assumed decay at higher IMD order is anyhow conservative.
It is recognized that the 1RB+1RB UL allocation is not necessarily the most representative but it is the one that enables the easiest calculations and correspond to the highest probability to find a collision with the DL band. Nevertheless, it is not the worst case as if the collision exists, a larger allocation would mean that the PSD level could be constant across the victim channel.
MSD calculations accounting for MRC combining
Taking into account the fact that, in most cases, the diversity path benefits from the added attenuation of the IMD products via the antenna isolation, the MSD should be based on calculations of correlated interference in the main and diversity path and MRC combining. Those calculations are reported in Table 3 and Table 4 for contiguous and non-contiguous UL CA respectively.
Contiguous inter-band cases
Table 3 provides the MSD calculations for the inter-band combinations with a contiguous UL CA configuration in table 1. These tables also provide the test point for the specification of this MSD.
Table 3: MSD and associated test points for contiguous UL CA cases
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Observation 1 for contiguous UL CA related MSD:
· In some of case, the IMD separation BW and the band separation are adjusted to account for the guard bands
· For CA_n41C-n77, the MSD based on IMD11 for US or IMD9 for China based spectrum ranges are very similar
· For DC_n3A_n41C the IMD11 related MSD is negligible
· CA_n41C-n66A show significant MSD due to IMD5 interference
Non-contiguous inter-band cases
Table 4 provides the MSD calculations for the inter-band combinations with a non-contiguous UL CA configuration in table 1. These tables also provide the test point for the specification of this MSD.
Table 4: MSD and associated test points for non-contiguous UL CA cases
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Observation 2 for non-contiguous UL CA related MSD:
· For cases related to IMD7 interference, the MSD is small but can’t be neglected
· For CA_n3A_n78(2A) and CA_n2(2A)-n66A the IMD9 related MSD is negligible
Band protection analysis of IMD products of intra-band CA UL configuration
For intra-band UL CA cases, the IMD levels should also be considered for band protections. 
For non-contiguous ULCA case, the IMD3 is most of the time limited to -30dBm/MHz through MPR or -25dBm/MHz through NS04 A-MPR. This means that the -50dBm/MHz band protection level can be supported with 20dB or 25dB filter attenuation respectively.
For contiguous ULCA cases however, the IMD3 is only limited to -13dBm/MHz through MPR. This means that the -50dBm/MHz band protection level can only be supported with 37dB filter attenuation. One particular case is studied here for n41C as recently it has been discussed that in China, n40 and n41 networks may not always be deployed in a way that ensures non-simultaneous operation between the two bands which is why the band 41 protection level by band 40 is being added. It is obvious that reciprocally, band 41 should protect band n40, in the particular case where band 41 uses contiguous UL CA of up to 160MHz, band n40 is subject to the interference of IMD3 product that MPR can only limit to -13dBm/MHz.
In the recent discussion, the band n41 filter for China implementation only provides 27dB rejection in band n40. With such rejection, the IMD3 level in band n40 is -40dBm/MHz which is 10dB short of the current -50dBm/MHz protection level.
It is to be noted that recently bandn40 is also being deployed in Japan, but it is not yet clear if simultaneous Tx/Rx is required.
Proposal on band n40 protection by n41C (and n41 2A): protection level of band n40 by band n41 with UL CA needs to be studied. Alternatively some UL restrictions may be needed
MSD analysis of IMD products of intra-band CA UL configuration as part of an intra-band combination
In Table 1 there are also a few intra-band UL CA only cases. In this paper we do not want to propose MSD values as the UL configurations may need some discussion. However, the IMD analysis is valid in terms of revealing the worst case for MSD. Table 5 below show the IMD issues for 3 cases.
Table 5: IMD related issues for intra-band cases
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Observation 3 for intra-band UL CA related MSD:
· IMD11 related cases can be ignored
· IMD3 related case CA_n5B show significant MSD and should be studied

Proposal on CA_n5B: MSD related to IMD3 of ULCA need to be specified
Proposed MSD tables for use by proponents
Based on the analysis in the tables 3 and 4, the MSD can be specified and the test points added in the 2UL intermodulation MSD Table 7.3A.5-1 in 38.101-1 based on Table 6 below. Combinations CA_n2A-n77(2A) and CA_n30A-n77(2A) MSD test points are already proposed in [3] but added here again for completeness of the ULCA cases.
Table 6: MSD test points for analyzed inter-band combinations
	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

	NR CA band combination
	NR band
	UL Fc 
(MHz)
	UL/DL 
BW (MHz)
	UL 
LCRB
	DL Fc 
(MHz)
	MSD 
(dB)
	Duplex mode
	

	CA_n2A-n77(2A)
	n2
	N/A
	5
	N/A
	1987.5
	2
	FDD
	IMD7

	
	n77
	3455
	10
	1 (RBstart=10)
	3455
	N/A
	TDD
	N/A

	
	
	3945
	10
	1 (RBstart=0)
	3945
	
	
	

	CA_n2A-n66(2A)
	n2
	N/A
	5
	N/A
	1932.5
	0.6
	FDD
	IMD7

	
	n66
	1722.5
	5
	1 (RBstart=14)
	1722.5
	N/A
	TDD
	N/A

	
	
	1777.5
	5
	1 (RBstart=0)
	1777.5
	
	
	

	CA_n3A-n77(2A)
	n3
	N/A
	5
	N/A
	1877.5
	1.7
	FDD
	IMD7

	
	n77
	3455
	10
	1 (RBstart=10)
	3455
	N/A
	TDD
	N/A

	
	
	3945
	10
	1 (RBstart=0)
	3945
	
	
	

	CA_n25A-n41C
	n25
	N/A
	5
	N/A
	1987.5
	9.6
	FDD
	IMD7

	
	n41
	2545
	90
	1 (RBstart=0)
	2545
	N/A
	TDD
	N/A

	
	
	2460
	100
	1 (RBstart=225)
	2460
	
	
	

	CA_n30A-n77(2A)
	n30
	N/A
	5
	N/A
	2352.5
	2.3
	FDD
	IMD7

	
	n77
	3455
	10
	1 (RBstart=17)
	3455
	N/A
	TDD
	N/A

	
	
	3825
	10
	1 (RBstart=0)
	3825
	
	
	

	CA_n41C-n66A
	n41
	2545
	90
	1 (RBstart=0)
	2545
	N/A
	TDD
	N/A

	
	
	2640
	100
	1 (RBstart=171)
	2640
	
	
	

	
	n66
	N/A
	5
	N/A
	2197.5
	22
	FDD
	IMD5

	CA_n41C-n77A
	n41
	2545
	60
	1 (RBstart=0)
	2545
	N/A
	TDD
	N/A

	
	
	2640
	100
	1 (RBstart=272)
	2640
	
	
	

	
	n77
	N/A
	5
	N/A
	3305
	1.1
	FDD
	IMD9

	CA_n66A-n77(2A)
	n66
	N/A
	5
	N/A
	2197.5
	2.3
	FDD
	IMD7

	
	n77
	3455
	10
	1 (RBstart=10)
	3455
	N/A
	TDD
	N/A

	
	
	3875
	10
	1 (RBstart=0)
	3875
	
	
	



Proposal on MSD test points and values: If satisfactory for the proponents the table above can be used to provide draft CRs Table 7.3A.5-1 in 38.101-1. In any case, the analysis above can be used as a starting point for future discussion papers.
Proposal for combinations with negligible MSD related to IMD: CA_n3A-n78(2A), CA_n2(2A)-n66, CA_n66 and CA_n66(2A) can be introduced or confirmed in the specification with draft CRs without MSD related to IMD. However, DC_3A_n41C needs to be further checked for triple beat issue.
Guidelines for MSD analysis
In chapter 2.1 we have exposed the principle used for the MSD analysis provided in Table 3 and 4 which resulted in the proposed specification test points. If these are agreeable they can be formally captured as guidelines for discussion papers and potentially in the future for TRs that could follow the block approval process.
Proposal on guidelines: If agreeable, the principles developed in the contribution can be captured as guidelines for future discussion papers
Conclusions
In this contribution, we analyze in detail the IMD related MSD issues arising from the introduction of NR intra-band UL CA as part of a single band or two bands UL configuration of a 2 band inter-band combination. The resulting IMD related MSD are evaluated. This results in the proposed specification test points below.

Table 6: MSD test points for analyzed inter-band combinations
	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

	NR CA band combination
	NR band
	UL Fc 
(MHz)
	UL/DL 
BW (MHz)
	UL 
LCRB
	DL Fc 
(MHz)
	MSD 
(dB)
	Duplex mode
	

	CA_n2A-n77(2A)
	n2
	N/A
	5
	N/A
	1987.5
	2
	FDD
	IMD7

	
	n77
	3455
	10
	1 (RBstart=10)
	3455
	N/A
	TDD
	N/A

	
	
	3945
	10
	1 (RBstart=0)
	3945
	
	
	

	CA_n2A-n66(2A)
	n2
	N/A
	5
	N/A
	1932.5
	0.6
	FDD
	IMD7

	
	n66
	1722.5
	5
	1 (RBstart=14)
	1722.5
	N/A
	TDD
	N/A

	
	
	1777.5
	5
	1 (RBstart=0)
	1777.5
	
	
	

	CA_n3A-n77(2A)
	n3
	N/A
	5
	N/A
	1877.5
	1.7
	FDD
	IMD7

	
	n77
	3455
	10
	1 (RBstart=10)
	3455
	N/A
	TDD
	N/A

	
	
	3945
	10
	1 (RBstart=0)
	3945
	
	
	

	CA_n25A-n41C
	n25
	N/A
	5
	N/A
	1987.5
	9.6
	FDD
	IMD7

	
	n41
	2545
	90
	1 (RBstart=0)
	2545
	N/A
	TDD
	N/A

	
	
	2460
	100
	1 (RBstart=225)
	2460
	
	
	

	CA_n30A-n77(2A)
	n30
	N/A
	5
	N/A
	2352.5
	2.3
	FDD
	IMD7

	
	n77
	3455
	10
	1 (RBstart=17)
	3455
	N/A
	TDD
	N/A

	
	
	3825
	10
	1 (RBstart=0)
	3825
	
	
	

	CA_n41C-n66A
	n41
	2545
	90
	1 (RBstart=0)
	2545
	N/A
	TDD
	N/A

	
	
	2640
	100
	1 (RBstart=171)
	2640
	
	
	

	
	n66
	N/A
	5
	N/A
	2197.5
	22
	FDD
	IMD5

	CA_n41C-n77A
	n41
	2545
	60
	1 (RBstart=0)
	2545
	N/A
	TDD
	N/A

	
	
	2640
	100
	1 (RBstart=272)
	2640
	
	
	

	
	n77
	N/A
	5
	N/A
	3305
	1.1
	FDD
	IMD9

	CA_n66A-n77(2A)
	n66
	N/A
	5
	N/A
	2197.5
	2.3
	FDD
	IMD7

	
	n77
	3455
	10
	1 (RBstart=10)
	3455
	N/A
	TDD
	N/A

	
	
	3875
	10
	1 (RBstart=0)
	3875
	
	
	



Proposal on MSD test points and values: If satisfactory for the proponents the table above can be used to provide draft CRs Table 7.3A.5-1 in 38.101-1. In any case, the analysis above can be used as a starting point for future discussion papers.
Proposal for combinations with negligible MSD related to IMD: CA_n3A-n78(2A), CA_n2(2A)-n66, CA_n66 and CA_n66(2A)	can be introduced or confirmed in the specification with draft CRs without MSD related to IMD. However, DC_3A_n41C needs to be further checked for triple beat issue.
For intra-band cases, the following proposal is made.

Proposal on CA_n5B: MSD related to IMD3 of ULCA need to be specified

In general, this contribution aims to provide a template for studying MSD related to IMDs of ULCA, which could further develop into guidelines.

Proposal on guidelines: If agreeable, the principles developed in the contribution can be captured as guidelines for future discussion papers
Separately we looked at band protection aspect related to low order IMDs of UL CA.
Proposal on band n40 protection by n41C and n41(2A): protection level of band n40 by band n41 with UL CA needs to be studied. Alternatively some UL restrictions may be needed
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IMD separation BW [MHz]

Band separation [MHz]

IMD order -

IMD level at antenna [dBm/MHz]

1dB IMD BW [MHz]

Rejection from filters [dB]

Antenna Isolation [dB]
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IMD separation BW [MHz]

Band separation [MHz]

IMD order -

IMD level at antenna [dBm/MHz]

1dB IMD BW [MHz]

Rejection from filters [dB]

Antenna Isolation [dB]

IMD level at RX [dBm/MHz] -58.0 -58.0 -117.7 -117.7 -132.7 -132.7

REFSENS(lowest BW/SCS) [dBm] -98.0 -98.0 -99.5 -99.5 -99.5 -99.5

Total Ant. Noise [dBm] -58.0 -58.0 -95.5 -95.5 -95.5 -95.5

MSD/antenna [dB] 36.0 36.0 0.0 0.0 0.0 0.0

MSD MRC uncor [dB]
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IMD separation BW [MHz]

Band separation [MHz]

IMD order -

IMD level at antenna [dBm/MHz]

1dB IMD BW [MHz]

Rejection from filters [dB]

Antenna Isolation [dB]

IMD level at RX [dBm/MHz] -78.7 -88.7 -68.2 -78.2 -95.7 -105.7 -95.6 -105.6 -114.7 -124.7

REFSENS(lowest BW/SCS) [dBm] -96.5 -96.5 -99.5 -99.5 -95.3 -95.3 -95.3 -95.3 -97.0 -97.0

Total Ant. Noise [dBm] -78.5 -87.2 -68.1 -78.1 -90.0 -91.1 -89.9 -91.1 -93.0 -93.0

MSD/antenna [dB] 14.0 5.3 27.4 17.4 1.3 0.2 1.4 0.2 0.0 0.0

MSD MRC uncor [dB]

MSD MRC cor [dB]

Victim band

DL freq/Duplex 1987.5 80 2197.5 400 3455 400 3305 400 1877.5 95

ULBW L/H 90 100 90 100 90 100 60 100 60 100

RBmax 245 273 245 273 245 273 162 273 162 273

GB 0.8925 0.8525 0.8925 0.8525 0.8925 0.8525 0.8325 0.8525 0.8325 0.8525

RB# 0 225 0 171 0 192 0 272 0 188

Freq 2545 2640 2545 2640 2545 2640 2545 2625 2545 2625

IMDBW

CC L/H 2500.9 2671.9 2500.9 2652.4 2500.9 2660.0 2515.8 2673.8 2515.8 2643.5

IM L/H 1988.0 3184.7 2197.9 2955.5 1705.5 3455.4 1884.1 3305.5 1877.3 3282.0

2.142 1.53 3.366 2.754

2UL aggressor IMD test points

157.94 170.96 151.52 159.08
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