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Introduction
In RAN4#104b-e, a way forward together with an accompanying draft CR [1, 2] were discussed. The objective is to fix issues with several flagged band combinations and TPs. These did not properly consider the interference due to the IMDs of the intra-band UL CA as part of the UL configuration. Unfortunately, consensus could not be achieved on the spectrum restriction aspect, Subsequently, the WF [1] was noted and the draft CR [2] was postponed, while the discussion was captured in the thread summary [3]. In this contribution we further elaborate on spectrum restriction aspects, and the management of even and odd orders IMDs of the intra ULCA as part of the UL configuration causing MSD to the second band in 1UL and 2UL inter-band combinations.
Discussion
Background from RAN4#104b-e and procedural aspects
In RAN4#104be several TPs/draft CRs were flagged as these introduced UL configurations with ULCA. Except one TP that did identify a potential IMD issue due to a contiguous intra-band ULCA in one band, nine other TPs/draft CRs did introduce UL configurations without considering the potential IMD or triple beat impacts.
As a reminder, new UL configurations, in general cannot be introduced in draft CRs, as it is necessary to consider potential MSD. It can be the case if new BW, more CCs or more bands are introduced in the UL. Only new DL configurations with intra-band CA in one or more band, can be introduced with draft CRs as these do not require to consider/reconsider MSDs.
Proposal on handling of band combination where UL configuration contains an intra-band ULCA:
· In release 18, UL configurations with intra-band CA part cannot be introduced with draft CRs. If such a draftCR is flagged, it may be postponed to the next meeting.
· In release 18, UL configurations with intra-band CA can be introduced using TP in the corresponding block approval AI if:
· It is not subject to a triple beat issue (for example TDD-TDD cases or non-adjacent band group criteria for triple beat)
· The potential IMD of the intra-band CCs issues are discussed and any frequency range restriction is justified.
· The MSD test point and value is provided
· Alternatively, a discussion paper can be submitted together with a TP in the “not for block approval” AI, if expert support is needed.
Handling of spectrum restrictions and IMD orders and indexes
The reach of a given IMD order of intra-band UL 2CC allocations is determined by the largest frequency separation feasible in a band, or a bandwidth class and the BCS for a contiguous case:
· Only band > 2.3GHz have ≥ 100MHz bandwidth and all are TDD bands:
· 100 MHz n40, but does not support ULCA yet
· 150 MHz n48, but only has contiguous ULCA with 50MHz  
· 194 MHz n41, but 160MHz in China and 100 MHz in Japan (n90)
· 500 MHz in n78, although only 300MHz in China while Korea and Europe support 400 MHz 
· 900 MHz in n77, but the largest bandwidth is 700MHz in Japan.
· 600 MHz in n79, but only much lower bandwidths are used in China and Japan
· The n46, n96 and n102 unlicensed band have even higher bandwidths, but only support contiguous UL CA.
· CA bandwidth classes impose bandwidth restrictions:
· UL configuration BW class B, is limited to the minimum between 100MHz, and the maximum aggregated BW of the BCS
· UL configuration BW class C, is limited to the minimum between 200MHz, and the maximum aggregated BW of the BCS
· UL configuration BW class 2A, is not intrinsically limited. However, the frequency separation classes I, II, and III available are 100, 200 (both 1PA and 2PA) and 600MHz (only for UEs supporting 2LO/2PA), respectively. This corresponds to the total bandwidth of CC1+CC2+gap. Thus, no UE is expected to support intra-band non-contiguous ULCA with more that 600MHz total bandwidth. It should be noted that this also corresponds to the maximum total bandwidth that an operator has access to in a licensed band.
· On top of the bandwidth there are also differences in where the spectrum sits in the band, and thus where the IMD lands:
· n41 starts at 2596MHz in North America, at 2515MHz in China, and 2545MHz in Japan
· n78 starts at 3300MHz in China, and at 3400MHz for other areas of the world
· Similarly, for n77, this starts at 3400MHz for Japan, and 3450MHz in North-America.
To assess some of the ULCA bandwidth impact on potential inter-band MSD evaluation, we have evaluated all the IMD products orders and indexes, and reported them in Table 1:
· 2, 4 even orders where concerns were raised in n104b-e
· 3, 5, 7, 9 odd orders which have been evaluated in Release 7 (up to IMD7 for non-contiguous ULCA) 
· All possible IMD indexes.
· Some example bands: the usual TDD wide bands n41/77/78/79 but also n1 and n8 to show that some IMD indexes may also create issues for ULCA in lower bands.
Table 1: frequency range of different intra-band ULCA IMD orders and indexes for some example bands
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For easier analysis, Table 1 is organized, and color coded as follows:
· First rows: the product closer to the ULCA band (nxF1-mxF2 cases) with following color code in first column:
· In dark green: the odd IMD orders and indexes used in R17 for both contiguous and max range of non-contiguous ULCA UL configurations
· In green: the IMD9 orders and indexes used in R17 for max range contiguous ULCA UL configurations
· In yellow: the even IMD orders and indexes that raised concern in 104b-e
· In orange: other odd/even IMD orders and indexes not evaluated so far
· In lower rows (grey in first column) the items above the ULCA band (nxF1+mxF2 cases)
· For the calculated IMD range:
· Dark Grey cells are for ranges that are outside FR1
· Light Grey cells are for ranges that are inside unlicensed bands
· Red numbers are for the IMDs reaching FR1 bands below the ULCA band 
· Blue numbers are for the IMDs reaching FR1 bands below the ULCA band 
· In the last column the reach of the given IMD range in terms of bands depending on the ULCA band:
· In red the lowest victim band below the ULCA band
· In blue the highest victim band above the ULCA band.

Observation:
· n77_full case, with its full bandwidth, could reach any FR1 band with IMD7/4, -3 non-contiguous ULCA. All low bands would be subject to IMD2/-1,1 and most low and mid bands with IMD4. However, these would not correspond to any feasible UL configuration.
· n77_600, which limits the BW to the maximum frequency separation class, can reach from mid bands to n46 with IMD7/4, -3 non-contiguous ULCA. All low bands would be subject to IMD4/-2,2 and IMD2 remain below low bands.
· n41, with contiguous ULCA, can reach all mid bands and up to n77 with IMD9/5, -4
· The IMD/m, n product with indexes m, n such than m-n>1 and n negative, can generate products above the ULCA band that can reach any higher band, with a range which is wider than the corresponding (m-n) harmonic range.
· IMD9/8, -1 can be ignored since H7 MSD are not considered
· Since most H5 MSD evaluation do not result in MSD being specified, both IMD7/6, -1 and IMD9/7, -2 could be ignored
· However, for IMD5/4, -1, IMD7/5, -2 and IMD9/6, -3, while being similar to H3 MSD, there may still be a concern:
· Fortunately, only bands < 3.3GHz can generate problematic IMDs
· n41 can only generate IMDs in n96 and mid bands in n46. Thus, this can be ignored as victim is an unlicensed band
· Only low bands may need to be considered, as their products may fall in high bands that do not have H3 issues.
· Finally, for IMD4/3, -1, beyond the cases that reaches only unlicensed bands that we can ignore, there are potential MSD issues for HB to reach n79 
· All nxF1+mxF2 ranges are covered by the (n+m) harmonic range for the ULCA band, and thus do not create any new MSD

With the above observations, there are a multitude of cases that must be considered. Consequently, we must have predictable criteria so that we only define MSD that are a realistic in the field, but also that are not yet covered by a single UL CC harmonic MSD. At a first level, we can establish rules for the IMD calculations, using a generic process for frequency ranges.

Proposal on ULCA frequency ranges for IMD calculations:
· For contiguous UL CA (type nXB/C) as part of both 1UL or 2UL bands UL configurations, the applicable maximum frequency separation to calculate IMDs is the minimum of the band bandwidth and maximum aggregated BW of all BCS
· For non-contiguous ULCA (type nX(2A)) as single band UL configuration (2A is not allowed in a 2 band UL configuration): 
· The applicable maximum frequency separation to calculate IMDs is the minimum of the band bandwidth and 600MHz (the current highest frequency separation class which is also valid for the current spectrum in band n77)
· For n77, the frequency range for IMD calculations is 3400-4000MHz (Japan, North-America, Korea, Europe), 3500-4100 (Japan) and 3300-3600 (China). This accounts for the actual frequency ranges that are applicable around the world along with the 600MHz maximum frequency separation class
· For n78, the frequency range for IMD calculations is 3400-3800MHz (Japan/Korea/Europe) and 3300-3600 (China), This accounts for the actual frequency ranges that are applicable around the world along with the 600MHz maximum frequency separation class.

With this first bandwidth criteria, the IMD orders and indexes to be considered can be further decided.

Proposal on IMD order (2, 3, 4, 5, 7, 9) and indexes (m and n are positive numbers with m ≥ n):
· For m+n, all IMDs are ignored as already covered by the harmonic m+n
· For m-n, even IMD order cases:
· IMD2 is ignored, as there are no NR bands < 600MHz
· IMD4/-2, 2 is considered on a case-by-case basis for band <1GHz victims of non-contiguous ULCA in bands >3.3GHz 
· IMD4/3, -1 is considered on a case-by-case basis for bands > 1GHz victims of ULCA in bands <3.3GHz 
· For m-n, odd IMD order cases:
· If m-n > 3 IMDs products are ignored
· If m-n = 3 up to IMD7 products of ULCA band <1GHz into band in 2.3-2.7GHz bands are considered on a case-by-case basis
· If m-n = 1 IMD3/5/7 are considered for ULCA with additionally IMD9 for contiguous UL CA (as done for Release 17).
Handling of MSD values with restricted spectrum
Still, when we consider inter-band combinations, additional regional spectrum restrictions must be considered as a defined MSD test point may not be realizable in a given region. It is thus legitimate to clarify how the regional spectrum restrictions should be handled in term of MSD test point and value, in the specification. It should be noted here that these restrictions were already considered in release 17, but no specific rule was defined on how to consider the different MSD cases for the generic case, and the MSD that corresponds to genuine cases in the field.

First the MSD issue and value should be evaluated using the rules proposed in chapter 2.2, and following rules are adhered to for the MSD table in the specification.

Proposal on MSD test points:
· If no relevant MSD is identified using the generic rules from 2.3, there is no MSD specified.
· If a relevant MSD is identified using the generic rules from 2.3 the MSD is specified. And depending on whether a specific restricted spectrum (n77 in North-America, n78 in China or Europe, n41 in China or Japan…) can be identified, based on the two-band combination and using the worst case, the following conditions are applicable:
· If there is a relevant MSD of the same order than the generic one, the MSD test point is based on the worst-case spectrum range and position of all regions covered by the band combination.
· If there is a relevant MSD of a higher order as the generic MSD, two MSD test points are specified:
· The generic MSD test point has a value and a note is added in the IMD order column, clarifying that the MSD cannot be evaluated for a given frequency range
· The additional MSD test point, relevant to the specific restricted spectrum range and position is added based on the worst-case of all regions covered by the band combination.
· If there is no relevant MSD with the further restricted spectrum, the generic MSD test point is specified, and a note is added in the IMD order column, clarifying that the MSD cannot be evaluated for a given frequency range
· The note used to clarify that a given IMD is not testable is FFS and can reuse existing notes but must cover all frequency ranges where the combination can apply.
MSD proposal for accompanying draft CR based on above rules
The MSD test points below are proposed for addition in 38.101-1, and are the basis of a companion draft CR that will be updated based on agreements.
IMD of n41C in n3 for CA_n3A-n41
With a full band definition, the maximum aggregated BW is 190MHz and the IMD order is IMD9 and would require MSD
With valid frequency restriction for China of 160MHz above 2515MHz, the IMD9 falls slightly above n3, and IMD11 falls in n3 but does not require MSD.
Proposal on CA_n3-n41 MSD with n41C UL: The following IMD9 test point is used with Note X: MSD does not apply when the n41 spectrum is restricted to 2515-2675 MHz
	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

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

	
	
	(MHz)
	(MHz)
	CLRB
	
	(dB)
	
	

	CA_n3-n41
	n3
	N/A
	5
	N/A
	1877.5
	[2.7] 
	FDD
	IMD9X

	 
	n41
	2541
	90
	1 (RBSTART= 18)
	2541
	N/A
	TDD
	N/A

	 
	 
	2636
	100
	1 (RBSTART= 272)
	2636
	 
	 
	 


 IMD of n77(2A) in n5 for CA_n5-n77
With a full band definition, but applying a maximum frequency separation of 600MHz, IMD9 falls slightly above n5, and the direct hit order is IMD11 which does not require MSD for non-contiguous UL CA case. Note that the full band IMD is IMD7 and would require a MSD. Separately, n5 is the subject of an IMD4 product.
Proposal on CA_n5-n77 MSD with n77(2A) UL: No odd order IMD MSD is introduced and below IMD4 MSD test point is considered
	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

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

	
	
	(MHz)
	(MHz)
	CLRB
	
	(dB)
	
	

	CA_n5-n77
	n5
	N/A
	5
	N/A
	871.5
	[8.6]
	FDD
	IMD4

	 
	n7712
	3455
	10
	1 RBSTART=0
	3455
	N/A
	TDD
	N/A

	 
	 
	3890
	10
	1 RBSTART=4
	3890
	 
	 
	 


IMD of n77(2A) in n71 for CA_n71-n77
With a full band definition, but applying a maximum frequency separation of 600MHz, IMD4 requires MSD for the non-contiguous UL CA case. Note that the full band IMD includes IMD2 and IMD7 and would also require a MSD.
Proposal on CA_n71-n77 MSD with n77(2A) UL: No odd order IMD MSD is introduced and below IMD4 MSD test point is considered
	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

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

	
	
	(MHz)
	(MHz)
	CLRB
	
	(dB)
	
	

	CA_n71-n77
	n71
	N/A
	5
	N/A
	619.5
	[8.6]
	FDD
	IMD4

	 
	n7712
	3455
	10
	1 RBSTART=0
	3455
	N/A
	TDD
	N/A

	 
	 
	3765
	10
	1 RBSTART=0
	3765
	 
	 
	 


[bookmark: _Hlk116642110]IMD of n77(2A) in n7 for CA_n7-n77
With a full band definition, but applying a maximum frequency separation of 600MHz, the direct hit order is IMD5. Note that the full band IMD is IMD3, and would require a large MSD value.
Assuming a valid frequency restriction for Canada of 3450-3980MHz, a direct hit order is IMD5 and requires MSD: MSD test point is set at 15 dB
Proposal on CA_n7-n77 MSD with n77(2A) UL: The below IMD5 MSD test point is specified
	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

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

	
	
	(MHz)
	(MHz)
	CLRB
	
	(dB)
	
	

	CA_n7-n77
	n7
	N/A
	5
	N/A
	2687.5
	15
	FDD
	IMD5

	 
	n7712
	3455
	10
	1 (RBSTART=0)
	3455
	N/A
	TDD
	N/A

	 
	 
	3835
	10
	1 (RBSTART=7)
	3835
	 
	 
	 


IMD of n77(2A) in n66 for CA_n66-n77
With full band definition, but applying maximum frequency separation of 600MHz, accounting for guard bands, direct hit order is IMD5. Note that full band IMD is also IMD5.
Assuming a valid worst case frequency restriction for both Canada and US of 3450-3980MHz, a direct hit order is IMD7 and requires a MSD.
An IMD7 MSD is already introduced in R17 that assumesthe North American spectrum which we assume is targeted here also. However, there is an error in the R17 test point.
Proposal on CA_n66-n77 MSD with n77(2A) UL: Below IMD5 and IMD7 MSD test points are specified with Note X: A MSD does not apply when n77 spectrum is restricted to 3450-3980 MHz (or current Note 12)
	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

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

	
	
	(MHz)
	(MHz)
	CLRB
	
	(dB)
	
	

	CA_n66-n77
	n66
	N/A
	5
	N/A
	2197.5
	15
	FDD
	IMD5X

	
	n7712
	3305
	10
	1 (RBstart=0)
	3305
	N/A
	TDD
	N/A

	
	 
	3855
	10
	1 (RBstart=8)
	3855
	 
	 
	 

	
	n66
	N/A
	5
	N/A
	2197.5
	1.7
	FDD
	IMD7

	 
	n7712
	3455
	10
	1 (RBstart=10)
	3455
	N/A
	TDD
	N/A

	 
	 
	3875
	10
	1 (RBstart=0)
	3875
	 
	 
	 


IMD of n78(2A) in n1 for CA_n1-n78
With a full band definition, which is less than the maximum frequency separation of 600MHz, a direct hit order is IMD7. 
Assuming a valid worst case frequency restriction for Asia and Europe, a direct hit order is IMD9 for a worst-case Europe frequency range but does not require MSD.
Proposal on CA_n1-n78 MSD with n78(2A) UL: The below IMD7 MSD test point is specified with Note X: MSD does not apply when the n78 spectrum is restricted to 3400-3800 MHz or 3300-3600MHz
	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

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

	
	
	(MHz)
	(MHz)
	CLRB
	
	(dB)
	
	

	CA_n1-n78
	n1
	N/A
	5
	N/A
	2167.5
	1.7
	FDD
	IMD7X

	 
	n7812
	3305
	10
	1 (RBSTART= 0)
	3305
	N/A
	TDD
	N/A

	 
	 
	3675
	10
	1 (RBSTART= 44)
	3675
	 
	 
	 


IMD of n78(2A) in n3 for CA_n3-n78
With a full band definition, which is less than the maximum frequency separation of 600MHz, a direct hit order is IMD7. 
Assuming a valid worst case frequency restriction for Asia and Europe, a direct hit order is IMD9 for a worst-case Europe frequency range but does not require a MSD. However, an IMD7 test point is already defined in the specification, but does not correspond to any valid frequency range in Asia or Europe and must be corrected.
Proposal on CA_n3-n78 MSD with n78(2A) UL: The below IMD7 MSD test point is specified with Note X: MSD does not apply when n78 spectrum is restricted to 3400-3800 MHz or 3300-3600MHz
	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

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

	
	
	(MHz)
	(MHz)
	CLRB
	
	(dB)
	
	

	CA_n3-n78
	n3
	N/A
	5
	N/A
	1877.5
	N/A
	FDD
	IMD7X

	 
	n7812
	3305
	10
	1 (RBSTART= 3)
	3305
	N/A
	TDD
	N/A

	 
	 
	3780
	10
	1 (RBSTART= 0)
	3780
	 
	 
	 


IMD of n78(2A) in n7 for CA_n7-n78
With a full band definition, which is less than the maximum frequency separation of 600MHz, a direct hit order is IMD5. 
Assuming a valid worst case frequency restriction for Asia and Europe, a direct hit order is also IMD5 for a worst-case Europe frequency range and thus requires a MSD: A MSD test point is set for the Europe frequency range with [15]dB value
Proposal on CA_n7-n78 MSD with n78(2A) UL: Below IMD5 MSD test point is specified
	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

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

	
	
	(MHz)
	(MHz)
	CLRB
	
	(dB)
	
	

	CA_n7-n78
	n7
	N/A
	5
	N/A
	2687.5
	15
	FDD
	IMD5

	 
	n7812
	3405
	10
	1 (RBstart=10)
	3405
	N/A
	TDD
	N/A

	 
	 
	3755
	10
	1 (RBstart=0)
	3755
	 
	 
	 


IMD of n77(2A) in n28 for CA_n28-n77
With a full band definition, but applying the maximum frequency separation of 600MHz, the IMD order is IMD4 that requires MSD for non-contiguous UL CA case. The MSD refers to CA_n25-n41-n77 for similarity of two TDD band PAs. Note that a full band IMD is IMD2, and IMD 7 would also require MSD.
Proposal on CA_n28-n77 MSD with n77(2A) UL: No odd order IMD MSD is introduced and the below IMD4 MSD test point is considered
	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

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

	
	
	(MHz)
	(MHz)
	CLRB
	
	(dB)
	
	

	CA_n28-n7713
	n28
	N/A
	5
	N/A
	705.5
	[8.6]
	FDD
	IMD4

	 
	n7712
	3455
	10
	1 RBSTART=0
	3455
	N/A
	TDD
	N/A

	 
	 
	3805
	10
	1 RBSTART=15
	3805
	 
	 
	 


Conclusions
In this contribution, we conducted a thorough study of all the IMD orders and indexes of an intra-band ULCA that may cause REFSENS exceptions in an inter-band combination. We examined relevant spectrum restrictions to define the MSD test points using the following proposals.

Proposal on handling of band combination where UL configuration contains an intra-band ULCA:
· In release 18, UL configurations with intra-band CA part cannot be introduced with draft CRs. If such a draftCR is flagged, it may be postponed to the next meeting.
· In release 18, UL configurations with intra-band CA can be introduced using TP in the corresponding block approval AI if:
· It is not subject to a triple beat issue (for example TDD-TDD cases or non-adjacent band group criteria for triple beat)
· The potential IMD of the intra-band CCs issues are discussed and any frequency range restriction is justified.
· The MSD test point and value is provided
· Alternatively, a discussion paper can be submitted together with a TP in the “not for block approval” AI, if expert support is needed.

Proposal on ULCA frequency ranges for IMD calculations:
· For contiguous UL CA (type nXB/C) as part of both 1UL or 2UL bands UL configurations, the applicable maximum frequency separation to calculate IMDs is the minimum of the band bandwidth and maximum aggregated BW of all BCS
· For non-contiguous ULCA (type nX(2A)) as single band UL configuration (2A is not allowed in a 2 band UL configuration): 
· The applicable maximum frequency separation to calculate IMDs is the minimum of the band bandwidth and 600MHz (the current highest frequency separation class which is also valid for the current spectrum in band n77)
· For n77, the frequency range for IMD calculations is 3400-4000MHz (Japan, North-America, Korea, Europe), 3500-4100 (Japan) and 3300-3600 (China). This accounts for the actual frequency ranges that are applicable around the world along with the 600MHz maximum frequency separation class
· For n78, the frequency range for IMD calculations is 3400-3800MHz (Japan/Korea/Europe) and 3300-3600 (China), This accounts for the actual frequency ranges that are applicable around the world along with the 600MHz maximum frequency separation class.

Proposal on IMD order (2, 3, 4, 5, 7, 9) and indexes (m and n are positive numbers with m ≥ n):
· For m+n, all IMDs are ignored as already covered by the harmonic m+n
· For m-n, even IMD order cases:
· IMD2 is ignored, as there are no NR bands < 600MHz
· IMD4/-2, 2 is considered on a case-by-case basis for band <1GHz victims of non-contiguous ULCA in bands >3.3GHz 
· IMD4/3, -1 is considered on a case-by-case basis for bands > 1GHz victims of ULCA in bands <3.3GHz 
· For m-n, odd IMD order cases:
· If m-n > 3 IMDs products are ignored
· If m-n = 3 up to IMD7 products of ULCA band <1GHz into band in 2.3-2.7GHz bands are considered on a case-by-case basis
· If m-n = 1 IMD3/5/7 are considered for ULCA with additionally IMD9 for contiguous UL CA (as done for Release 17).

Proposal on MSD test points:
· If no relevant MSD is identified using the generic rules from 2.3, there is no MSD specified.
· If a relevant MSD is identified using the generic rules from 2.3 the MSD is specified. And depending on whether a specific restricted spectrum (n77 in North-America, n78 in China or Europe, n41 in China or Japan…) can be identified, based on the two-band combination and using the worst case, the following conditions are applicable:
· If there is a relevant MSD of the same order than the generic one, the MSD test point is based on the worst-case spectrum range and position of all regions covered by the band combination.
· If there is a relevant MSD of a higher order as the generic MSD, two MSD test points are specified:
· The generic MSD test point has a value and a note is added in the IMD order column, clarifying that the MSD cannot be evaluated for a given frequency range
· The additional MSD test point, relevant to the specific restricted spectrum range and position is added based on the worst-case of all regions covered by the band combination.
· If there is no relevant MSD with the further restricted spectrum, the generic MSD test point is specified, and a note is added in the IMD order column, clarifying that the MSD cannot be evaluated for a given frequency range
· The note used to clarify that a given IMD is not testable is FFS and can reuse existing notes but must cover all frequency ranges where the combination can apply.

Based on these rules, we analyzed the band combinations remaining from the last meeting and made proposals in chapters 2.3 for MSD test points and values that are the basis of draft CR [4].
References
[1] Noted R4-2217804 WF on MSD due to IMDs of intra-band ULCA and handling of spectrum restrictions, Skyworks, MediaTek, RAN4#104b-e
[2] Postponed R4-draftCR to R18 38.101-1 to capture MSD related to IMD of intra-band ULCA, Skyworks Solutions Inc, RAN4#104b-e
[3] R4-2217765 Rd2 summary for [105] NR_Baskets_Part_1, Skyworks Solutions Inc, RAN4#104b-e
[4] R4-2218519 DraftCR to 38.101-1 on correcting REFSENS exceptions due to intermodulation interference of intra-band ULCA, Skyworks Solutions Inc, RAN4#105
3GPP
image1.emf
n79 n78 n77_full n77_600 n41 n1 n8

H1 4.4-5 3.3-3.8 3.3-4.2 3.4-4 2.496-2.691.92-1.980.88-0.915na

IMD2/-1,1 0-0.6 0-0.5 0-0.9 0-0.6 0-0.19 0-0.06 0-0.04 n77->LB

IMD3/2,-1

3.8-5.6

2.8-4.3

2.4-5.1 2.8-4.6 2.3-2.9

1.8-2.1

0.8-1 n79->n77/78-n46|n77->n41-n79|n41->n40|n1->n3-n1|n8->n8

IMD4/3,-1 8.2-10.6

6.1-8.1 5.7-9.3 6.2-8.6 4.7-5.6

3.7-4.1 1.7-1.9

n77/78->n96|n41->n79-n3|n1->n77/78|n8->MB  wider than H2

IMD4/-2,2 0-1.2 0-1 0-1.8 0-1.2 0-0.4 0-0.2 0-0.1

n78/79->LB|n77->LB+MB(up to n24)

IMD5/4,-112.6-15.6 9.4-11.9 9-13.5 9.6-12.6 7.2-8.3 5.7-6 2.6-2.8

n1->n46|n8->n41 wider than H3

IMD5/3,-2

3.2-6.2 2.3-4.8 1.5-6 2.2-5.2 2.1-3.1 1.8-2.1 0.8-1 n79->n77/78-n96|n78->n40-n79|n77->n74-n46|n41->n1|n1->n3-n1|n8->n20-n8

IMD7/6,-121.4-25.6 16-19.5 15.6-21.916.4-20.6 12.2-13.7 9.5-10 4.3-4.7

n8->n79  wider than H5

IMD7/5,-2 12-16.2 8.9-12.4 8.1-14.4 9-13.2

7.1-8.5

5.6-6.1 2.5-2.9

n41->n96|n1->n46|n8->n41  wider than H3

IMD7/4,-3

2.6-6.8 1.8-5.3

0.5-6.9 1.6-5.8

1.9-3.3 1.7-2.2 0.7-1.1 n79->n41-n96|n78->n3-n46|n77->FR1!|n41->n25|n1->n3-n1|n8->n28-n8

IMD9/8,-130.2-35.622.6-27.122.2-30.323.2-28.6 17.2-19.1 13.3-14 6.1-6.5

n8->n96  wider than H7

IMD9/7,-220.8-26.2 15.5-20 14.7-22.815.8-21.2 12-13.9 9.4-10.1 4.3-4.7

n8->n79  wider than H5

IMD9/6,-311.4-16.8 8.4-12.9 7.2-15.3 8.4-13.8

6.9-8.7

5.5-6.2 2.5-2.9

n41->n96|n1->n96|n8->n41  wider than H3

IMD9/5,-4

2-7.4 1.3-5.8 -0.3-7.8 1-6.4 1.7-3.5 1.6-2.3 0.7-1.1 n79->n1-n96|n78->n74-n46|n77->FR1!|n41->n3-n77/78|n1->n3-n1|n8->n29-n8

IMD2/1,1 8.8-9.4 6.6-7.1 6.6-7.5 6.8-7.4 4.9-5.2 3.8-3.9 1.7-1.8

covered by H2

IMD3/2,1 13.8-14.410.4-10.910.8-11.710.8-11.4 7.6-7.9 5.8-5.9 2.6-2.8

covered by H3

IMD4/3,1 18.2-19.413.7-14.714.1-15.914.2-15.4 10.1-10.6 7.7-7.9 3.5-3.7

IMD4/2,2 17.6-18.813.2-14.2 13.2-15 13.6-14.8 9.9-10.4 7.6-7.8 3.5-3.6

IMD5/4,1 22.6-24.4 17-18.5 17.4-20.117.6-19.4 12.6-13.3 9.6-9.9 4.4-4.6

IMD5/3,2 23.2-23.8 17.5-18 18.3-19.218.2-18.8 12.8-13.1 9.7-9.8 4.4-4.6

IMD7/6,1 31.4-34.423.6-26.1 24-28.5 24.4-27.4 17.6-18.7 13.5-13.8 6.1-6.4

IMD7/5,2 32-33.8 24.1-25.624.9-27.6 25-26.8 17.8-18.5 13.5-13.8 6.2-6.4

IMD7/4,3 32.6-33.224.6-25.125.8-26.725.6-26.2 18-18.3 13.6-13.7 6.2-6.3

IMD9/8,1 40.2-44.430.2-33.730.6-36.931.2-35.4 22.6-24.1 17.3-17.8 7.9-8.2

IMD9/7,2 40.8-43.830.7-33.2 31.5-36 31.8-34.8 22.8-23.9 17.4-17.7 7.9-8.2

IMD9/6,3 41.4-43.231.2-32.732.4-35.132.4-34.2 23-23.7 17.4-17.7 8-8.2

IMD9/5,4 42-42.6 31.7-32.233.3-34.2 33-33.6 23.2-23.5 17.5-17.6 8-8.1

covered by H7 which is ignored

covered by H9 which is ignored

example bands ULCA bands

Order

/index

potential worst case ULCA IMD reach

bellow ULCA band - above UCA band

covered by H4

covered by H5 which is often ignored


