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Introduction
In the RAN4#98 e-meeting, a number of TP submitted in the basket WI for both EN-DC and NR-CA had UL configurations that included NR intra-band UL CA, but did not consider the related potential IMD and/or triple beat issue that may result in MSD. To bring attention to this issue and provide guidelines for the handling of such combinations, a way forward [1] was agreed. In this contribution, we further discuss these cases, provide technical background on how to analyze them and make a few proposals for guidelines. 
Discussion
Discussion on the Possible Types
In RAN4#98e, inter-band UL configurations including NR Intra-band ULCA were discussed in [1] and some types were defined. These types are further detailed here.
· Type 1: The intra-band ULCA is the only UL part: 2 UL CC are involved and thus only IMDs of these two UL are a potential concern.
· Type 1A: CA_nXB and maximum aggregated BW is up to 100MHz
· Type 1B: CA_nXC and maximum aggregated BW is up to 200MHz, such case are already present in the specification like n41C
· Type 1C: CA_nX(2A) and maximum aggregated BW is up to 200MHz but instantaneous BW is up to 600MHz for n77(2A), such case are already present in the specification like n77(2A) and n78(2A)
· Note that for LTE maximum aggregated BW was only up to 40MHz
· With NR CA case the IMDs will propagate further and generate potential cross-band MSD
· Type 2: The intra-band ULCA is part of an inter-band UL configuration: 3 UL CC are involved, but in some cases there are 3 separate sub-blocks, there are even cases with 4CCs, in these cases triple beat products have to be considered on top of intra-band ULCA IMDs.
· Type 2A: CA_nYA-nXB, DC_YA_nXB, CA_nYA-nXC, DC_YA_nXC with 3CCs but only two separate clusters, such case are already present in the specification like DC_3A_n7B, DC_8A_n79C, for the time being these are limited to ENDC cases.
· Type 2B: CA_nYA-nX(2A), DC_YA_nX(2A) with 3CCs but with 3 separate clusters, at this time there is no case in the spec
· With NR CA some triple beat products will propagate further and generate potential cross-band MSD
· Type 3: There is intra-band UL CA in both UL bands: 4 UL CCs are involved more triple beat tones are generated but it is an extension of type 2 and there could be up to 4 separate sub-blocks.
· Type 3A: DC_YBorC_nXBorC with 4CCs but only two separate clusters, DC_3C_n7B was proposed in last meeting and one of the reason for [1]
· Type 3B: There could be also 4CC cases with 4 separate clusters like CA_nX(2A)-nY(2A) but there are none in the spec as of today.
· The triple beat range is further extended due to the 4 frequencies involved.

The IMD and triple beat issues of type 1 and type 2 cases are only a concern if there is simultaneous Tx/Rx between the band with intra-band UL CA and another band. The worst case is for the 1RB+1RB case in the intra-band UL part, note that the MPR only guaranties -30dBm/MHz IMDs and in the case of NS04 A-MPR only guaranties -25dBm/MHz IMDs.

Depending on the filtering selectivity, both band protection and cross band MSD should be assessed. Given this, adding an intra-band UL CA part to an existing combination with a draft CR should not be allowed as opposed to adding an intra-band DL CA part to an existing combination with a draft CR which is allowed.

Proposal 1: 
· Unlike the addition of a DL intra-band part to an existing combination which can be done with a draft CR, the addition of an UL intra-band part to an existing combination needs a TR that analyzes potential cross-band MSD issues due to its IMD products or triple beat products with an additional UL band. 
· In some infrequent cases, band protection issues may arise and may require a discussion paper. 
· For existing cases already in the specification CRs, if required can be derived from the analysis in this paper.

In RAN#91e, a way forward [2] was agreed that defines some other types of combination that should not be part of block approval due to incomplete requirements or requested to the band combination baskets due to features that are not yet specified. The agreed list is copied below, but more cases will be discussed in RAN4. All the cases are related to FR1 only cases.

“Guidelines for Combinations Not for Block Approval
· Intra-band contiguous EN-DC with new bandwidth class, such as classes AC and CB: Need a new feature defined.
· Intra-band UL CA with 2 CCs where A-MPR requirements have not been specified (in basket WID not for block approval)
· Intra-band contiguous UL CA with 3 CCs (feature not yet defined)
· UL CA with three or more non-contiguous CCs (feature not yet defined) including
· Inter-band UL CA with UL in three or more bands
· Intra-band non-contiguous UL CA with three or more discrete UL CCs
· Inter-band UL CA consisting of intra-band non-contiguous UL CA “

One particular aspect in the last main bullet and associated sub-bullets is related to cases where 3 separate UL CCs and the last case is relevant to the cases discussed in this paper: Inter-band UL CA consisting of intra-band non-contiguous UL CA which correspond to Type 2B definition above. Given the above agreement, these type of combinations should not be part of band combination baskets.

Observation 1: 
· Based on RAN#91e Agreement in [2] Type 2B UL configurations (two band inter-band UL configuration with intra-band non-contiguous UL CA in one band) are not for block approval: CA_nYA-nX(2A), DC_YA_nX(2A) with 3CCs that has 3 separate clusters
· However, Type 2A UL configurations (two band inter-band UL configuration with intra-band contiguous UL CA in one band) are allowed for block approval, but as proposed above requires a TR addressing potential MSD issues.
Screening of 2 band CA and DC combinations with intra-band UL CA
Table 1 provides the cases already in the 38.101-1 or 38.101-3 specification and flagged in RAN4#98e, while Table 2 looks into new requests. The screening only looked at intra-band and 2 band baskets and specification tables. The Dl and UL configuration are provided together with the elements needed to gage the potential issues.
Table 1: relevant cases already in 38.101-1 or -3
	DL
	UL
	status
	type
	Sim Tx/Rx
	UL CCs
	NC UL CCs
	comment

	DC_1A_n7B
	DC_1A_n7B
	in spec
	F-F
	Y
	3
	2
	A+B TB + B IMD issue?

	CA_n2A-n48C
	CA_n48C
	in spec
	F-T
	Y
	2
	1
	n48C not allowed in UL -> n48B

	DC_3A/C_n7B
	DC_3A_n7B
	in spec
	F-F
	Y
	3
	2
	A+B TB + B IMD issue?

	CA_n3A-n77(2A)
	CA_n77(2A)
	in spec
	F-T
	Y
	2
	2
	2A IMD issue?

	CA_n3A-n78(2A)
	CA_n78(2A)
	in spec
	F-T
	Y
	2
	2
	2A IMD issue?

	DC_8A_n79C
	DC_8A_n79C
	in spec
	F-T
	Y
	3
	2
	A+C TB +C IMD issue

	CA_n25A-n41C
	CA_n41C
	in spec
	F-T
	Y
	2
	1
	C IMD issue?

	DC_28A_n7B
	DC_28A_n7B
	in spec
	F-F
	Y
	3
	2
	A+B TB + BIMD issue?

	CA_n28A-n77(2A)
	CA_n77(2A)
	in spec
	F-T
	Y
	2
	2
	2A IMD issue?

	CA_n28A-n78(2A)
	CA_n78(2A)
	in spec
	F-T
	Y
	2
	2
	2A IMD issue?

	CA_n40A-n41C
	CA_n41C
	in spec
	T-T
	N
	2
	1
	40vs41 Non SimTx/Rx, band protection?

	CA_n41C-n66A
	CA_n41C
	in spec
	F-T
	Y
	2
	1
	C IMD issue?

	CA_n41C-n71A
	CA_n41C
	in spec
	F-T
	Y
	2
	1
	C IMD issue?

	CA_n41C-n77A
	CA_n41C
	in spec
	T-T
	Y
	2
	1
	C IMD issue?

	CA_n41C-n79A
	CA_n41C
	in spec
	T-T
	Y
	2
	1
	C IMD issue?

	CA_n66A-n77(2A)
	CA_n77(2A)
	in spec
	F-T
	Y
	2
	2
	2A IMD issue?

	DC_3A/C_n7B
	DC_3A/C_n7B
	flagFeb
	F-F
	Y
	4
	2
	Should 4 UL CCs be allowed in R17?



Observation 2: 
· There are no type 2B cases so current specification is compliant with restrictions agreed at RAN#91e in [2]
· Most of the cases are with only 3UL CCs except one combination flogged in RAN4#98e with 4CCs and 2 separate cluster: DC_3C_n7B
· Only a few combinations have potential for triple beat on top of intra UL CA IMD issues
· There is one combination with an UL configuration that is not valid: CA_n48C, only n48B UL is allowed
· There is one combination with non-simultaneous Tx-Rx but there is on-going band protection study for the single CC version, the two CC case is even more problematic: CA_41C UL protection of n40

Table 2: relevant cases found in basket requests
	DL
	UL
	status
	type
	Sim Tx/Rx
	UL CCs
	NC UL CCs
	comment

	CA_n5B
	CA_n5B
	new
	FDD
	Y
	2
	1
	B MSD

	CA_n66(3A)
	CA_n66(2A)
	new
	FDD
	Y
	2
	2
	2A MSD

	CA_n66(A-B)
	CA_n66B
	new
	FDD
	Y
	2
	1
	B MSD

	DC_1A_n77(2A)
	DC_1A_n77(2A)
	new
	F-T
	y
	3
	3
	3 NC clusters not allowed

	CA_n2(2A)-n30A-n66(2A)
	CA_n2(2A)
	new
	F-F
	Y
	2
	2
	2A IMD issue?

	CA_n2(2A)-n30A-n66(2A)
	CA_n66(2A)
	new
	F-F
	Y
	2
	2
	2A IMD issue?

	CA_n2(2A)-n30A-n66(2A)
	CA_n2(2A)
	new
	F-F
	Y
	2
	2
	2A IMD issue?

	CA_n2(2A)-n30A-n66(2A)
	CA_n66(2A)
	new
	F-F
	Y
	2
	2
	2A IMD issue?

	CA_n2A-n77(2A)
	CA_n77(2A)
	new
	F-T
	Y
	2
	2
	2A IMD issue?

	DC_3A_n41C
	DC_3A_n41C
	new
	F-F
	Y
	3
	2
	A+C TB + C IMD issue

	DC_3A_n77(2A)
	DC_3A_n77(2A)
	new
	F-T
	Y
	3
	3
	3 NC clusters not allowed

	CA_n5A-n77(2A)
	CA_n77(2A)
	new
	F-T
	Y
	2
	2
	2A IMD issue?

	DC_8A_n77(2A)
	DC_8A_n77(2A)
	new
	F-T
	y
	3
	3
	3 NC clusters not allowed

	DC_11A_n77(2A)
	DC_11A_n77(2A)
	new
	F-T
	y
	3
	3
	3 NC clusters not allowed

	CA_n30A-n77(2A)
	CA_n77(2A)
	new
	F-T
	Y
	2
	2
	2A IMD issue?

	DC_39A_n41C
	DC_39A_n41C
	new
	T-T
	N
	3
	2
	no Sim TX/RX 

	DC_40A_n41C
	DC_40A_n41C
	new
	T-T
	N
	3
	2
	no Sim TX/RX, Band protection issue?

	DC_41A_n79C
	DC_41A_n79C
	new
	T-T
	Y
	3
	2
	Band protection, C IMD issue

	DC_n46A-n48B
	DC_n46A-n48B
	new
	T-T
	Y
	3
	2
	B IMD issue?

	CA_n66A-n77(2A)
	CA_n77(2A)
	new
	F-T
	Y
	2
	2
	2A IMD issue?



Observation 3: 
· Three FDD intra-band only cases need to be analyzed for IMD issues
· There are four type 2B cases that are not compliant with restrictions agreed at RAN#91e in [2] and thus should not be treated in baskets
· All cases have only up to 3UL CCs (no 4UL CC)
· Half of the combinations have potential for triple beat on top of intra UL CA IMD issues
· There is one combination with non-simultaneous Tx-Rx, but where there is on-going band protection study for the single CC version, the two CC case is even more problematic: DC_40A_n41C

Beyond the restriction on 3 non-contiguous CCs agreed in RAN#91e, the case with 4CC is problematic as it makes triple beat analysis even more complex as 4 separate frequencies have to be considered. DC_3C_n7B has 40MHz IMD tone separation for 3C and 50MHz IMD tone separation for 7B which means there will be triple beat tones with 90MHz repetition while band 3 has a 95MHz duplex distance and thus band 3DL can be subject of 4th order triple beat tone. Due to the complexity of evaluating such four frequency triple beat tone levels, it may be difficult to agree and calculate the corresponding MSD.

Proposal 2: 
· UL configuration for Release 17 DC and CA combination is limited to 3CC maximum with 2CCs being contiguous intra-band UL CA
· DC_3C_n7B UL configuration should be removed from 38.101-3
· Due to smaller IMD bandwidth LTE intra-band contiguous UL CA UL configurations can be added to DC combinations without studying its IMD or triple beat impact, as close band proximity is more exceptional, but must respect the maximum of 3 UL CCs

Based on the above proposals, the following chapter will perform the technical analysis of the potential IMD and triple beat issues of the existing band combinations and provide guidelines for incoming requests.
IMD Analysis of One Band Intra-band CA UL Configuration
With large aggregated and instantaneous bandwidths, the low order IMDs resulting from non-contiguous allocations in 2 CCs can reach bands that are relatively far. Table 3 provides the IMD ranges per BW classes and some example bands. 
Table 4 provides expected IMD levels based on applying MPR or A-MPR, the values in green are based on meeting the related SEM and spurious emissions, the other values are extrapolated from the lowest valid IMD order meeting the spurious emission. Furthermore, the required filter selectivity for -50dBm/MHz coexistence and no de-sense at 5MHz (-110dBm/MHz) is provided. The level of -110dBm/MHz is used as it results in 0.4dB MSD for 5MHz channel in band 1.
Table 3: OOB range of UL CA IMDs vs BW class and order
	NR UL 
CA class
	band
	Inst. UL 
BW [MHz]
	IMD range below/above band [MHz]

	
	
	
	IMD3
	IMD5
	IMD7
	IMD9

	Class B
	n7B, n48B
	50
	50
	100
	150
	200

	
	max
	100
	100
	200
	300
	400

	Class C
	n41C
	190
	190
	380
	570
	760

	
	n77C/n78C
	200
	200
	400
	600
	800

	Class 2A
	n41(2A)
	190
	190
	380
	570
	760

	
	n77(2A)
	600
	600
	1200
	1800
	2400

	
	n78(2A)
	400
	400
	800
	1200
	1600


Table 4: Expected IMD levels based on SEM and applying MPR or NS04 A-MPR
	
	NR UL CA class
	IMD level [dBm/MHz]
	filter selectivity for
-50dBm/MHz (coex)
	filter selectivity for 
-110dBm/MHz (5MHz noMSD)

	
	
	IMD3
	IMD5
	IMD7
	IMD9
	IMD3
	IMD5
	IMD7
	IMD9
	IMD3
	IMD5
	IMD7
	IMD9

	NS01 MPR
	Class B/C
	-13
	-30
	-45
	-60
	37
	20
	5
	-10
	97
	80
	65
	50

	
	Class 2A
	-30
	-45
	-60
	-75
	20
	5
	-10
	-25
	80
	65
	50
	35

	NS04 A-MPR
	Class B/C
	-13
	-25
	-35
	-50
	37
	25
	15
	0
	97
	85
	75
	60

	
	Class 2A
	-25
	-35
	-50
	-65
	25
	15
	0
	-15
	85
	75
	60
	45



Figure 1 illustrates a case where IMD3 and IMD5of an UL CA non-contiguous allocation reaches other bands DL. In this case delta F, which is the spacing between IMD products, is equal at first order to:
· Aggregated bandwidth for intra-band contiguous UL CA
· Instantaneous TX bandwidth (BW CC1+max Gap+BW CC2) for intra-band non-contiguous UL CA (exactly BW_CA)
[image: ]
Figure 1: UL CA IMDs interfering with other bands and creating band protection or MSD issues
Observation 4:
· For contiguous UL CA:
· 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 non-contiguous UL CA
· 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
Implications for band protection
To be able to meet -50dBm/MHz band protection level
· For intra-band contiguous UL CA
· if any band is subject to UL CA IMD3, at least 37dB rejection is needed from the band filter
· DC_40A_n41C and CA_n40A-n41C fall in this case.
· if any band is subject to UL CA IMD5, at least 20/25dB rejection is needed from the band filter for NS01/NS04
· For intra-band non-contiguous UL CA
· if any band is subject to UL CA IMD3, at least 20/25dB rejection is needed from the band filter for NS01/NS04
· if any band is subject to UL CA IMD5, at least 15dB rejection is needed from the band filter for NS04
Proposal 3:
· Band 40 protection should be studied for IMD3 issue for combinations DC_40A_n41C and CA_n40A-n41C
· When introducing an intra-band non-contiguous UL CA combinations unless a minimum of 20dB (25dB for n41(2A)) rejection is granted in other bands that are up to 2xinstantaneous UL CA BW away, coexistence study should check potential band protection issues related to UL CA IMD3/5
· When introducing an intra-band contiguous UL CA combination unless:
· A minimum of 37dB rejection is granted in other bands that are up to 1xaggregated UL CA BW away, coexistence study should check potential band protection issues related to UL CA IMD3
· A minimum of 20dB (25dB for n41C) rejection is granted in other bands that are up to 2xaggregated BW away, coexistence study should check potential band protection issues related to UL CA IMD5
· Ideally this should be checked when the UL intra-band combination is introduced to avoid finding issues in higher order cases
Implications for de-sense of second or third band DL in a combination
To be able to meet -110dBm/MHz interference level in a second band or third band DL:
· For intra-band contiguous UL CA, even with 50/60dB rejection from the filter for NS01/NS04 MSD can occur for a 5MHz channel up to IMD9
· For intra-band non-contiguous UL CA, even with 50/60dB rejection from the filter for NS01/NS04 MSD can occur for a 5MHz channel up to IMD7
Proposal 4:
· When introducing an intra-band non-contiguous UL CA configuration in a 2band or 3 band inter-band combination, cross-band MSD study should be performed for bands that are less than 3xinstantaneous UL CA BW away (IMD7) for NS01 (4x for NS04 – IMD9)
· When introducing an intra-band contiguous UL CA configuration in a 2band or 3 band inter-band combination, cross-band MSD study should be performed for bands that are less than 4xinstantaneous UL CA BW away (IMD9) for NS01 (5x for NS04-IMD11)
· This is assuming that at least 50dB rejection is available from filters from the UL CA band to the victim band, any victim band with lower attenuation may require to investigate higher order IMDs
· If victim band smallest channel bandwidth is larger than 5MHz, The filter requirement or interference level of -110dBm/MHz can be relaxed by: 10*log(CHBW[MHz]/5)
Analysis of existing and requested combinations subject to UL CA IMD issues
Table 5 provides the following analysis:
· UL CA IMD order that interferes with the DL band (in red in DL combination)
· Whether MSD analysis is required
· MSD analysis for the worst case REFSENS (victim’s lowest channel BW)
· A high level estimation of the IMD level, it’s attenuation in the victim band (filters, and diplexers) and resulting worst case MSD
Table 5: MSD analysis based on IMD order, level and attenuation
	DL
	UL
	status
	IMD
BW
	IMD order
	comment
	WC
REFSENS
	IMD
level
	IMD att.
	WC MSD

	DC_1A_n7B
	DC_1A_n7B
	in spec
	50
	15
	high IMD order => OK
	-100
	 
	 
	 

	CA_n2A-n48C
	CA_n48C
	in spec
	50
	65
	high IMD order => OK
	-98
	 
	 
	 

	DC_3A/C_n7B
	DC_3A_n7B
	in spec
	50
	27
	high IMD order => OK
	-98
	 
	 
	 

	CA_n3A-n77(2A)
	CA_n77(2A)
	in spec
	600
	7
	IMD7 MSD to be analyzed
	-97
	-60
	30
	7.79

	CA_n3A-n78(2A)
	CA_n78(2A)
	in spec
	400
	9
	IMD9 MSD OK if attenuation is >35dB
	-97
	-75
	-75
	-75

	DC_8A_n79C
	DC_8A_n79C
	in spec
	200
	37
	high IMD order => OK
	-97
	 
	 
	 

	CA_n25A-n41C
	CA_n41C
	in spec
	190
	7
	IMD7 MSD to be analyzed
	-96.5
	-35
	30
	31.50

	DC_28A_n7B
	DC_28A_n7B
	in spec
	50
	69
	high IMD order => OK
	-98.5
	 
	 
	 

	CA_n28A-n77(2A)
	CA_n77(2A)
	in spec
	600
	11
	high IMD order => OK
	-98.5
	 
	 
	 

	CA_n28A-n78(2A)
	CA_n78(2A)
	in spec
	400
	15
	high IMD order => OK
	-98.5
	 
	 
	 

	CA_n41C-n66A
	CA_n41C
	in spec
	190
	5
	IMD5 MSD to be analyzed
	-99.5
	-30
	30
	39.50

	CA_n41C-n71A
	CA_n41C
	in spec
	190
	21
	high IMD order => OK
	-97.2
	 
	 
	 

	CA_n41C-n77A
	CA_n41C
	in spec
	190
	9
	IMD9 MSD to be analyzed
	-95.3
	-60
	35
	3.16

	CA_n41C-n79A
	CA_n41C
	in spec
	190
	19
	high IMD order => OK
	 
	 
	 
	 

	CA_n66A-n77(2A)
	CA_n77(2A)
	in spec
	600
	5
	IMD5 MSD to be analyzed
	-99.5
	-45
	30
	24.52

	DC_3A_n7B
	DC_3A_n7B
	flagFeb
	50
	27
	high IMD order => OK
	 
	 
	 
	 

	CA_n5B
	CA_n5B
	new
	25
	3
	IMD3 MSD to be analyzed for intra-band basket
	-98
	-13
	50
	35.00

	CA_n66(3A)
	CA_n66(2A)
	new
	70
	11
	high IMD order => OK
	 
	 
	 
	 

	CA_n66(A-B)
	CA_n66B
	new
	70
	11
	high IMD order => OK
	 
	 
	 
	 

	CA_n2(2A)-n30A-n66(2A)
	CA_n2(2A)
	new
	70
	7
	IMD7 MSD to be analyzed
	-99.5
	-60
	50
	0.37

	CA_n2(2A)-n30A-n66(2A)
	CA_n66(2A)
	new
	70
	7
	IMD7 MSD to be analyzed
	-98
	-60
	50
	0.27

	CA_n2(2A)-n30A-n66(2A)
	CA_n2(2A)
	new
	70
	15
	high IMD order => OK
	 
	 
	 
	 

	CA_n2(2A)-n30A-n66(2A)
	CA_n66(2A)
	new
	70
	19
	high IMD order => OK
	 
	 
	 
	 

	CA_n2A-n77(2A)
	CA_n77(2A)
	new
	600
	7
	IMD7 MSD to be analyzed
	-98
	-60
	30
	8.64

	DC_3A_n41C
	DC_3A_n41C
	new
	190
	9
	IMD9 MSD to be analyzed
	-97
	-60
	30
	7.79

	CA_n5A-n77(2A)
	CA_n77(2A)
	new
	600
	11
	high IMD order => OK
	-98
	 
	 
	 

	CA_n30A-n77(2A)
	CA_n77(2A)
	new
	600
	5
	IMD5 MSD to be analyzed
	-98.5
	-45
	30
	23.52

	DC_41A_n79C
	DC_41A_n79C
	new
	200
	19
	high IMD order => OK
	 
	 
	 
	 

	DC_n46A-n48B
	DC_n46A-n48B
	new
	50
	59
	high IMD order => OK
	 
	 
	 
	 

	CA_n66A-n77(2A)
	CA_n77(2A)
	new
	600
	5
	IMD5 MSD to be analyzed
	-99.5
	-45
	30
	24.52



Observation 5:
· In many case, IMD order is > 9 and analysis can be ignored
· Assuming n77(2A) IMD9 can be attenuated by more than 35dB by band n77 filter + MB/HB diplexer, MSD analysis can be ignored
· Although the different IMD levels and attenuations can obviously be discussed there are many cases with >20dB MSD that would require a further attenuation of 30dB to avoid any MSD.

Proposal 5 on UL CA IMD cross-band MSD:
· For other combinations already in specification showing MSD issues in above table a dedicated intra-band CA UL configuration cross-band MSD table is introduced in a draft CR with the above MSDs in bracket. MSD can be revised based on a more detailed analysis at next meeting
· For new combinations that are requested and show MSD issues >0.5dB in above table:
· If TR is provided this meeting it should be revised to include a dedicated intra-band CA UL configuration cross-band MSD table with the above MSDs in bracket
· From next meeting TRs introducing intra-band UL CA in an UL configuration should perform an IMD analysis as shown above and when required, include a dedicated intra-band CA UL configuration cross-band MSD table. If appropriate the above MSDs can be used as a starting point
Triple Beat Analysis of Two Band inter-band UL Configuration with at least one Intra-band UL CA
Triple beat products are distortion products resulting from the combination of three frequencies F1, F2 and F3.
The four cases of third order triple beat products are the strongest and are at the following frequencies: F1 - F2 + F3, F1 - F2 - F3, F1 + F2 + F3 and F1 + F2 - F3. Fifth order products also exists, for example F3 – 2*F1 + 2*F2 but at a reduced level.
If F1 and F2 are associated with the allocation in the lower UL CA CC and higher UL CA CC and F3 is associated with the second band UL. If the IMD BW (F2-F1) is:
· If band with UL at F3 is a FDD band with a duplex distance of less than 2xinstantaneous BW of UL CA (F2-F1), its DL can be subject to third or fifth order triple beat interference
· If a third DL band with simultaneous Tx/Rx with band with UL at F3 with a distance of less than 2xinstantaneous BW of UL CA (F2-F1), it can be subject to third or fifth order triple beat interference
· Figure 2 illustrates a hypothetical case where both cases above are found with additionally an ULCA IMD5 issue
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Figure 2: 3rd order triple beat issue in second and third band DL with ULCA IMD3 issue in 2nd band
Unlike for the IMD analysis, the triple beat issues are indirect from the presence of UL in two bands, in that sense; it is similar to the 2UL IMD, but where the IMD bandwidth is equal to the instantaneous bandwidth of the UL CA.
In order to check if there is a potential triple beat issue in on DL band:
· Take FULmin is the lower frequency edge of the single CC UL frequency range
· Take FULman is the higher frequency edge of the single CC UL frequency range
· Take IMD spacing
·  = aggregated BW for contiguous UL CA configuration in the second UL
·  = CC1 BW + maximum gap BW + CC2 BW for non-contiguous ULCA configuration in the second UL
· If FULmin - 1x(IMD spacing) or FULmax + 1x(IMD spacing) overlaps with a DL band frequency range then that DL band is subject to 3rd order triple beat interference
· If FULmin - 2x(IMD spacing) or FULmax + 2x(IMD spacing) overlaps with a DL band then that DL band is subject to 5th order triple beat interference 
The triple beat product can be the result of reverse non linearity in the PA with signal at F3 with the interfering two tones (F2-F1) that is then attenuated by the TX filter/duplexer before reaching the victim receiver.
Another mechanism is linked to the receiver non-linearity which can generate the triple beat tone from receiving the interference from both bands after some attenuation.
At this point there is not enough background to quantify the main mechanism and the level that should be expected from third and fifth order triple beat products, but at least the third order TB cases should be further studied. Nevertheless, given that the tones are 20+17+17dBm for PC3 inter-band combinations and 23+ 20+20dBm for PC2 inter-band combinations, the necessity to verify 3rd and 5th order TB product and related UL configurations is there.
Analysis of existing and requested combinations subject to triple beat issues
Table 6 provides the following analysis:
· UL CA + third UL triple beat order that interferes with the DL band (in red in DL combination)
· Whether MSD analysis is required
· MSD analysis for the worst case REFSENS (victim’s lowest channel BW)
· An estimation of the triple beat level, its attenuation in the victim band (from filters and diplexers and/or antenna isolation) which would result in MSD for third order triple beat but negligible for 5th order TB.
Table 6: MSD analysis based on TB order, level and attenuation
	DL
	UL
	status
	IMD
BW
	TB
order
	comment
	WC REFSENS
	TB level
	TB att.
	WC 
MSD

	DC_1A_n7B
	DC_1A_n7B
	in spec
	50
	9
	high IMD/TB order => OK
	-100
	 
	 
	 

	DC_3A_n7B
	DC_3A_n7B
	in spec
	50
	5
	limit to 3rd order TB only?
	-97
	-55
	50
	0.64

	DC_8A_n79C
	DC_8A_n79C
	in spec
	200
	3
	triple beat issue
	-97
	-45
	70
	0.07

	DC_28A_n7B
	DC_28A_n7B
	in spec
	50
	5
	limit to 3rd order TB only?
	-98.5
	-55
	70
	0.01

	DC_3A_n41C
	DC_3A_n41C
	new
	190
	3
	triple beat issue
	-97
	-45
	50
	4.12



Observation 6 on TB 1UL+ULCA cross-band MSD:
· DC_1A_n7B is a high order triple beat case and should not be an issue
· With large separation between LB and band n7 or n79, DC_8A_n79C and DC_28A_n7B may be less of an issue
· Even if the actual MSD level will require further study, there are cases with 3rd and 5th order triple beat issues
· The levels have been chosen to show the case where the TB product is generated at the FDD band UL via reverse IMD and then benefits from the 50dB Tx/RX duplexer isolation. At this point it is not yet clear that these levels are valid or that this mechanism is dominating.

Proposal 5 on 1UL + UL CA triple beat issue:
· An example band combination with a potential 3rd order triple beat MSD issue is studied in RAN4 to derive appropriate guidelines for introduction of inter-band 2 band UL configuration with one band including intra-band UL CA.
· In the meantime, such combinations are not introduced and existing cases in the specification should be analyzed in priority
· Example band combination for the study is DC_3A_n41C
· Both PC3 and PC2 cases should be assessed
Conclusions
In this contribution, we discuss in detail the new 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 or 3 band inter-band combination. The resulting IMD and triple beat issues are described and evaluated. 

Two proposals are made in terms of handling in baskets and types that are eligible in release 17. 

Proposal 1: 
· Unlike the addition of a DL intra-band part to an existing combination which can be done with a draft CR, the addition of an UL intra-band part to an existing combination needs a TR that analyzes potential cross-band MSD issues due to its IMD products or triple beat products with an additional UL band. 
· In some infrequent cases, band protection issues may arise and may require a discussion paper. 
· For existing cases already in the specification CRs, if required can be derived from the analysis in this paper.

Proposal 2: 
· UL configuration for Release 17 DC and CA combination is limited to 3CC maximum with 2CCs being contiguous intra-band UL CA
· DC_3C_n7B UL configuration should be removed from 38.101-3
· Due to smaller IMD bandwidth LTE intra-band contiguous UL CA UL configurations can be added to DC combinations without studying its IMD or triple beat impact, as close band proximity is more exceptional, but must respect the maximum of 3 UL CCs

In order to assess potential band protection issues, the following proposal is made:

Proposal 3:
· Band 40 protection should be studied for IMD3 issue for combinations DC_40A_n41C and CA_n40A-n41C
· When introducing an intra-band non-contiguous UL CA combinations unless a minimum of 20dB (25dB for n41(2A)) rejection is granted in other bands that are up to 2xinstantaneous UL CA BW away, coexistence study should check potential band protection issues related to UL CA IMD3/5
· When introducing an intra-band contiguous UL CA combination unless:
· A minimum of 37dB rejection is granted in other bands that are up to 1xaggregated UL CA BW away, coexistence study should check potential band protection issues related to UL CA IMD3
· A minimum of 20dB (25dB for n41C) rejection is granted in other bands that are up to 2xaggregated BW away, coexistence study should check potential band protection issues related to UL CA IMD5
· Ideally this should be checked when the UL intra-band combination is introduced to avoid finding issues in higher order cases

For UL CA IMD related cross-band issue a detailed analysis is provided with the following proposal.

Proposal 4:
· When introducing an intra-band non-contiguous UL CA configuration in a 2band or 3 band inter-band combination, cross-band MSD study should be performed for bands that are less than 3xinstantaneous UL CA BW away (IMD7) for NS01 (4x for NS04 – IMD9)
· When introducing an intra-band contiguous UL CA configuration in a 2band or 3 band inter-band combination, cross-band MSD study should be performed for bands that are less than 4xinstantaneous UL CA BW away (IMD9) for NS01 (5x for NS04-IMD11)
· This is assuming that at least 50dB rejection is available from filters from the UL CA band to the victim band, any victim band with lower attenuation may require to investigate higher order IMDs
· If victim band smallest channel bandwidth is larger than 5MHz, The filter requirement or interference level of -110dBm/MHz can be relaxed by: 10*log(CHBW[MHz]/5)

Proposal 5 on UL CA IMD cross-band MSD:
· For other combinations already in specification showing MSD issues in above table a dedicated intra-band CA UL configuration cross-band MSD table is introduced in a draft CR with the above MSDs in bracket. MSD can be revised based on a more detailed analysis at next meeting
· For new combinations that are requested and show MSD issues >0.5dB in above table:
· If TR is provided this meeting it should be revised to include a dedicated intra-band CA UL configuration cross-band MSD table with the above MSDs in bracket
· From next meeting TRs introducing intra-band UL CA in an UL configuration should perform an IMD analysis as shown above and when required, include a dedicated intra-band CA UL configuration cross-band MSD table. If appropriate the above MSDs can be used as a starting point

Being more cumbersome to analyze and needing consensus on how to handle, the following proposal is made for triple beat issues.

Proposal 5 on 1UL + UL CA triple beat issue:
· An example band combination with a potential 3rd order triple beat MSD issue is studied in RAN4 to derive appropriate guidelines for introduction of inter-band 2 band UL configuration with one band including intra-band UL CA.
· In the meantime, such combinations are not introduced and existing cases in the specification should be analyzed in priority
· Example band combination for the study is DC_3A_n41C
· Both PC3 and PC2 cases should be assessed
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